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FRONTISPIECE.  Eastern  Kingbirds  ( Tyrannus  tyrannus),  while  defending  their  nests,  will  dive  at  and  often 
make  physical  contact  with  anything  perceived  as  a  threat,  including  large  raptors  and  small  airplanes.  Redmond 
et  al.  (pages  1-11)  report  that  intensity  of  nest  defense  in  Eastern  Kingbirds  is  a  repeatable  behavior  that  varies 
positively  with  age  of  young.  Nest  defense  declines  during  the  season,  presumably  due  to  declining  probability 
of  late-season  young.  Watercolor  of  a  male  Eastern  Kingbird  by  Don  Radovich. 
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PARENTAL  INVESTMENT  THEORY  AND  NEST  DEFENSE  BY 

EASTERN  KINGBIRDS 

LUCAS  J.  REDMOND,1-2  MICHAEL  T.  MURPHY,1  AMY  C.  DOLAN,1  AND 

KAREN  SEXTON' 


ABSTRACT. — Nest  defense  represents  a  parental  strategy  to  maximize  fitness  by  enhancing  prospects  of 
offspring  survival.  We  used  a  taxidermic  mount  of  a  nest  predator  to  measure  nest  defense  of  Eastern  Kingbirds 
( Tyrannus  tyrannus)  at  Malheur  National  Wildlife  Refuge  in  southeastern  Oregon  in  2003  and  2004  to  test  the 
hypotheses  that  intensity  of  nest  defense  (1)  was  individually  repeatable,  (2)  differed  between  males  and  females, 
and  (3)  predicted  nest  success.  We  also  predicted  that  (4)  intensity  of  defense  would  increase  with  age  and 
number  of  young,  but  decline  over  the  breeding  season.  Intensity  of  nest  defense  was  significantly  repeatable 
for  male  kingbirds.  Male  response  was  twice  as  strong  as  female  response  during  incubation  and  the  nestling 
period,  but  nest  success  was  independent  of  defense  scores  of  males  and  females.  Simple  paired  comparisons 
suggested  female  responses  did  not  change  between  incubation  and  the  nestling  period,  whereas  males  tended 
to  defend  nestlings  more  vigorously  than  eggs.  Multivariate  analyses  demonstrated  strong  individual  differences 
were  the  main  source  of  variation  in  nest  defense.  Intensity  of  nest  defense  by  males  and  females  increased  with 
age  of  young,  declined  seasonally,  but  was  not  related  to  number  of  young.  Kingbird  nest  defense  is  a  repeatable 
behavior  that  differs  between  males  and  females  and,  as  predicted  by  parental  investment  theory,  nests  of  the 
greatest  value  (older  young  and  earlier  broods)  were  defended  most  aggressively.  Received  13  November  2007. 
Accepted  4  May  2008. 


Parental  defense  of  young  is  a  fundamental 
aspect  of  behavior  common  to  most  verte¬ 
brates  (Clutton-Brock  1991);  attempts  to  ex¬ 
plain  why  intensity  of  defense  varies  both 
among  and  within  species  have  drawn  heavily 
from  parental  investment  (PI)  theory  (Trivers 
1972,  Montgomerie  and  Weatherhead  1988). 
PI  theory  predicts  that  parents  should  invest 
in  proportion  to  value  of  young,  which  often 
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translates  into  probability  of  recruitment.  The 
number  of  recruits  is  assumed  to  be  positively 
correlated  with  number  of  young  that  survive 
to  independence  (Newton  1989)  and  PI  theory 
predicts  that  parental  defense  should  vary  di¬ 
rectly  with  number  of  young  (Montgomerie 
and  Weatherhead  1988).  Supporting  evidence 
exists  for  fish  (Carlisle  1985,  Lavery  and 
Keenleyside  1990),  mammals  (Maestripieri 
and  Alieva  1990,  Jonsson  et  al.  2002),  and 
birds  (Knight  and  Temple  1986a,  Olendorf 
and  Robinson  2000).  In  addition,  value  of 
young  presumably  increases  with  age,  and 
studies  of  several  vertebrate  taxa  have  shown 
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that  parental  defense  increases  as  young  ap¬ 
proach  independence  (Barash  1975,  Gottfried 

1979,  Andersson  et  al.  1980,  Greig-Smith 

1980,  Ostlund-Nilsson  2002;  but  see  Swais- 
good  et  al.  2003).  PI  theory  also  predicts  that 
parents  should  invest  less  in  young  that  reach 
independence  when  recruitment  prospects  are 
low.  For  example,  probability  of  recruitment 
declines  with  hatching  date  among  many  tem¬ 
perate-zone  breeding  birds  (Drilling  and 
Thompson  1988,  Verhulst  et  al.  1995,  Naef- 
Daenzer  et  al.  2001,  Smith  2004,  Shutler  et  al. 
2006)  suggesting  that  early  season  young  are 
more  valuable  and  should  be  defended  more 
aggressively. 

Predation  accounts  for  the  majority  of  nest 
failures  of  most  species  of  birds  (Ricklefs 
1969,  Martin  1995)  and  parental  care,  specif¬ 
ically  defense  of  young,  is  presumed  to  have 
evolved  to  reduce  losses  to  nest  predators  (re¬ 
viewed  by  Montgomerie  and  Weatherhead 
1988).  Adaptive  interpretations  of  nest  de¬ 
fense  predict  that,  within  a  species,  probability 
of  breeding  success  should  increase  with  in¬ 
tensity  of  nest  defense.  Moreover,  if  nest  de¬ 
fense  is  to  evolve  it  must  be  heritable  and 
should  be  individually  repeatable.  Few  studies 
have  tested  either  prediction  and  tests  of  the 
former  hypothesis  are  inconsistent  (reviewed 
by  Hatch  1997).  Even  fewer  studies  have 
shown  nest  defense  behavior  to  be  repeatable 
and,  of  two  known  cases,  nest  defense  behav¬ 
ior  was  repeatable  in  one  (Curio  1975)  but  not 
the  other  (Hatch  1997). 

Eastern  Kingbirds  ( Tyrannus  tyrannus ; 
hereafter  kingbirds)  are  Nearctic-neotropical 
migrants  known  for  aggressive  defense  of 
nests  (Davis  1941).  This  propensity  to  attack 
other  birds  has  been  described  as  “belliger¬ 
ence”  (Davis  1941:157).  Blancher  and  Rob¬ 
ertson  (1982)  reported  intensity  of  kingbird 
nest  defense  increased  through  the  nest  cycle, 
and  that  aggressive  kingbird  pairs  were  more 
likely  to  fledge  young.  However,  Knight  and 
Temple  (1986b)  suggested  many  positive  re¬ 
ports  of  increasing  nest  defense  as  young  ma¬ 
tured  (as  in  Blancher  and  Robertson  1982) 
were  artifacts  arising  from  positive  reinforce¬ 
ment  of  parents  which  were  exposed  to  mod¬ 
els  of  nest  predators  multiple  times. 

Kingbirds  are  socially  monogamous  and 
raise  a  single  brood  per  year.  Their  open-cup 
nests  (placed  3-7  m  above  ground  in  trees) 


are  conspicuous  and  >50%  are  regularly  lost 
to  predators  (Murphy  2000).  Failed  nests  are 
usually  replaced  if  the  loss  occurs  early  in  the 
season  but,  after  mid-season,  probability  of  re¬ 
placement  declines  sharply  (MTM,  unpubl. 
data).  We  measured  nest  defense  behavior  of 
both  male  and  female  Eastern  Kingbirds  using 
a  taxidermic  mount  of  a  local  nest  predator 
(American  Crow  [Corvus  brachyrhynchos ]) 
to:  (1)  examine  if  kingbird  nest  defense  be¬ 
havior  is  individually  repeatable,  and  to  test 
the  hypotheses  that  (2)  intensity  of  nest  de¬ 
fense  differs  between  males  and  females,  and 
that  (3)  nests  of  more  aggressive  birds  are 
more  likely  to  succeed.  We  also  tested  predic¬ 
tions  from  PI  theory  that  (4)  intensity  of  nest 
defense  should  be  highest  early  in  the  season, 
(5)  parents  should  defend  large  clutches/ 
broods  more  aggressively,  and  that  (6)  older 
young  should  be  defended  more  vigorously 
than  those  that  are  younger. 

METHODS 

Study  Site  and  Species. — We  conducted  our 
research  in  2003  and  2004  at  Malheur  Nation¬ 
al  Wildlife  Refuge  (MNWR)  near  the  town  of 
Frenchglen  (42°  49'  N,  118°  54'  W)  in  south¬ 
eastern  Oregon.  MNWR  (1,400  m  above  sea 
level)  is  at  the  northern  edge  of  the  Great  Ba¬ 
sin,  but  the  Donner  und  Blitzen  River  travers¬ 
es  the  length  of  the  refuge  to  create  an  exten¬ 
sive  system  of  wetlands.  Kingbirds  nest  al¬ 
most  exclusively  along  the  river  and  their 
nests  are  placed  in  trees  at  all  heights,  but  of¬ 
ten  low  over  the  river.  Regardless  of  location, 
most  nests  are  highly  exposed  to  potential 
predators.  Egg  laying  at  the  study  site  usually 
begins  by  early  June  and  nearly  all  young  are 
fledged  by  the  first  of  August. 

The  study  site  and  field  methods  are  de¬ 
scribed  in  detail  elsewhere  (Dolan  et  al.  2007, 
Redmond  et  al.  2007).  Briefly,  our  work  was 
conducted  along  20  km  of  roadway  (Central 
Patrol  Road:  CPR)  between  Paige  Springs 
campground  and  a  point  2  km  north  of  the 
bridge  to  Krumbo  Reservoir.  We  conducted 
daily  surveys  to  locate  all  pairs,  and  found 
most  nests  prior  to  or  during  nest  building 
(80%).  Nest  checks  occurred  every  2-4  days 
to  establish  egg-laying  dates,  clutch  size,  and 
hatching  and  fledging  success.  Replacement 
nests  were  located  for  pairs  whose  nests  failed 
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and  identical  data  were  collected  to  identify 
seasonal  reproductive  success. 

Nest  Success. — We  measured  nest  success 
as  a  simple  binary  variable  in  which  a  nest 
either  failed  (no  young  fledged)  or  was  suc¬ 
cessful  (al  young  fledged),  and  as  the  pro¬ 
portion  of  the  entire  nest  cycle  the  nest  sur¬ 
vived.  The  latter  was  calculated  by  dividing 
the  number  of  days  the  nest  was  active  (start¬ 
ing  the  day  the  first  egg  was  laid  until  the  nest 
either  failed  or  fledged  young)  by  the  expected 
length  of  the  nest  cycle  (=  [clutch  size  —  1] 
+  32-day  incubation  and  nestling  period).  We 
did  not  correct  for  differences  in  exposure 
time  as  most  nests  were  found  prior  to  incu¬ 
bation  (Mayfield  1975). 

Nest  Defense  Behavior. — We  elicited  nest 
defense  behavior  using  a  taxidermic  mount  of 
an  American  Crow  attached  to  the  end  of  a  3 
m  aluminum  pole.  Most  pairs  were  tested 
twice:  once  during  incubation  and  once  during 
the  nestling  period.  However,  the  actual  num¬ 
ber  of  tests  per  pair  varied  between  one  and 
five  (mean  =  1.8  tests/pair/year  for  2003  and 
2004)  because  of  nest  failure  and  replacement. 
Most  trials  were  conducted  between  0700  and 
1200  hrs  PST.  It  was  not  possible  to  approach 
nests  without  being  seen  and  one  person 
quickly  approached  the  nest  with  the  crow 
mount  hidden  as  two  observers  identified  the 
gender  of  the  parents.  We  identified  male  and 
female  based  mainly  on  sightings  of  color 
bands  (most  of  the  adult  population  was 
marked  with  unique  color  band  combina¬ 
tions),  or  behavior  of  unmarked  birds.  Male 
kingbirds  do  not  incubate  or  brood  young 
(Rosa  and  Murphy  1994),  they  perch  in  a 
more  upright  posture  than  females,  and  erect 
their  crown  feathers  to  produce  a  crest-like  ap¬ 
pearance.  Additionally,  the  elongated  9th  and 
10th  primaries  of  males  are  visible  through 
binoculars.  Mate  replacement  within  the  same 
year  (based  on  banded  birds)  occurred  only 
once  in  6  years  at  MNWR  (MTM,  pers.  obs.), 
and  we  are  confident  that  successive  obser¬ 
vations  of  unmarked  birds  at  the  same  nest 
were  of  the  same  individuals. 

Five-minute  trials  began  within  30  sec  of 
the  taxidermic  mount  being  placed  within  1  m 
of  the  nest.  Observers  recorded  the  response 
of  either  the  male  or  female  throughout  the 
trial  while  remaining  motionless  at  a  distance 
at  least  20  m  from  the  nest.  The  method  we 


used  to  score  intensity  of  nest  defense  was 
similar  to  that  of  Blancher  and  Robertson 
(1982)  and  Siderius  (1993).  Kingbird  response 
was  scored  on  a  scale  of  1  (least  aggressive) 
to  5  (most  aggressive):  (1)  calling  by  the  in¬ 
dividual,  (2)  approaching  the  mount,  (3)  hov¬ 
ering  above  the  mount,  (4)  diving  at  the 
mount,  and  (5)  striking  the  mount.  We  did  not 
conduct  a  set  of  trials  that  used  a  control  (i.e., 
something  that  does  not  pose  a  threat  to  a 
kingbird  nest).  However,  Van  Buskirk  (1992) 
showed  that  kingbirds  distinguish  between 
threats  and  non-threats  to  the  nest  by  respond¬ 
ing  more  aggressively  toward  a  model  of  a 
potential  nest  predator.  Many  individuals  were 
banded  prior  to  trials,  but  these  birds  were 
captured  in  previous  years  and  we  avoided 
capturing  any  unbanded  individuals  prior  to 
nest  defense  trials. 

Statistical  Analyses. — We  devised  a  scoring 
method  that  integrated  all  defense  behaviors 
recorded  during  the  trial.  All  birds  called  (be¬ 
havior  1 )  and  approached  the  mount  (behavior 
2);  thus,  our  nest  defense  index  (NDI)  was 
based  on  the  number  of  times  an  individual 
hovered  above  (behavior  3),  dove  at  (behavior 
4),  and  struck  the  mount  (behavior  5),  and  was 
calculated  using  the  formula: 

NDI  =  log[(X  hover  +  1)  X  (X  dive  +  1) 

X  (X  strike  +1)] 

(1.0  was  added  to  each  score  to  account  for 
zeroes).  The  NDI  exhibited  a  continuous  pat¬ 
tern  of  variation  that  we  believe  more  accu¬ 
rately  described  the  range  of  individual  vari¬ 
ation  than  would  use  of  other  metrics  such  as 
the  maximum  single  score  detected  during  a 
test. 

We  used  analysis  of  variance  (ANOVA)  to 
calculate  whether  nest  defense  behavior  (NDI) 
was  repeatable  both  within  and  between  years 
(Lessells  and  Boag  1987);  confidence  inter¬ 
vals  were  calculated  following  Becker  (1984). 
The  within-year  assessment  was  based  on  in¬ 
dividuals  measured  at  least  twice  in  1  year, 
whereas  between-year  assessments  were  made 
for  individuals  tested  at  least  once  in  both 
years.  We  used  NDI  scores  obtained  during 
incubation  and  nestling  periods  for  both  cal¬ 
culations.  An  individual’s  NDI  score  might  be 
affected  by  clutch  or  brood  size,  age  of  young, 
and  trial  date;  we  therefore  also  used  the  re- 
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siduals  from  a  multiple  linear  regression  of 
NDI  after  removing  possible  confounding  ef¬ 
fects  of  these  variables  to  ascertain  if  nest  de¬ 
fense  behavior  was  repeatable.  We  used  paired 
r-tests  to  compare  NDI  scores  of  individuals 
tested  during  incubation  and  the  nestling  pe¬ 
riod.  We  compared  the  combined  NDI  score 
of  the  pair  to  the  proportion  of  the  nest  cycle 
that  a  nest  survived,  followed  by  the  same 
comparison  for  both  parents  separately,  to 
evaluate  the  hypothesis  that  aggressive  birds 
were  more  likely  to  fledge  young.  We  also 
compared  NDI  scores  of  successful  and  failed 
individuals  for  males  and  females  separately. 
Our  predictions  were  that  a  positive  correla¬ 
tion  should  exist  between  NDI  score  and  pro¬ 
portion  of  the  nest  cycle  survived;  thus,  in¬ 
dividuals  that  successfully  fledged  young 
should  exhibit  higher  scores. 

Parental  investment  theory  predicts  higher 
NDI  scores  for  (a)  nests  with  more  eggs  or 
young,  (b)  early-season  nests,  and  (c)  older 
eggs  or  young.  We  used  general  linear  models 
(GLM)  to  test  these  hypotheses  for  males,  fe¬ 
males,  and  pairs  (male  +  female  score).  Mul¬ 
tiple  trials  per  individual  or  pair  introduced 
potential  problems  of  pseudoreplication,  and 
one  approach  would  be  to  randomly  select 
only  one  observation  per  bird  for  analysis. 
However,  we  believed  this  would  result  in  loss 
of  relevant  data  because  a  specific  goal  was 
to  test  for  changes  in  behavior  over  the  course 
of  the  nesting  cycle  and  season.  Thus,  we  opt¬ 
ed  to  include  all  individuals  or  pairs  with  two 
or  more  trials,  but  treated  males  and  females 
as  random  factors  in  the  GLM  to  account  for 
individual  differences  that  might  affect  the  re¬ 
sults.  We  randomly  chose  1  year  for  analyses 
if  data  were  available  for  an  individual  in  both 
years.  Variables  introduced  as  covariates  in¬ 
cluded  Julian  date  and  day  of  the  nest  cycle 
on  which  the  test  was  conducted.  The  latter 
was  counted  continuously  from  the  day  the 
first  egg  was  laid  (=1).  We  also  included  the 
number  of  eggs  or  nestlings  present  in  the  nest 
on  the  day  of  the  trial  with  the  prediction  that 
nests  with  larger  clutches  or  broods  were  of 
greater  value  and  should  be  defended  more 
vigorously.  As  an  alternative  hypothesis,  large 
individuals  may  defend  nests  more  vigorously 
than  smaller  individuals  due  to  their  larger 
overall  body  size  or  increased  agility  (in  the 
case  of  individuals  with  longer  wings).  We 


tested  this  possibility  by  incorporating  two 
measures  of  body  size  (tarsometatarsus  [=  tar¬ 
sus]  length  and  wing  chord)  as  additional  co¬ 
variates  into  the  GLM  for  both  males  and  fe¬ 
males.  Results  are  reported  as  means  ±  SD 
and  sample  sizes  («),  and  for  the  GLM,  as 
standardized  partial  regression  coefficients 
(P).  Unless  stated  otherwise,  data  from  2003 
and  2004  were  combined,  and  all  tests  are 
two-tailed  with  level  of  significance  set  at  a 
=  0.05.  All  analyses  were  conducted  using 
SPSS  11.5  (SPSS  2002). 

RESULTS 

Individual  Variability  of  NDI  and  Compar¬ 
ison  of  Male  and  Female  NDI  Scores. — We 
made  39  presentations  to  23  pairs  in  2003  and 
86  presentations  to  48  pairs  in  2004.  Both 
members  of  the  pair  were  present  in  all  but 
four  cases  and  responded  to  the  mount.  Scores 
for  males  during  incubation  (0.63  ±  0.83,  n 
=  53)  were  242%  higher  than  for  females 
(0.26  ±  0.53,  n  =  57;  t  =  2.84,  P  =  0.006). 
Male  scores  (0.76  ±  0.89,  n  =  41)  were  twice 
as  strong  as  those  of  females  (0.38  ±  0.67,  n 
=  42;  t  =  2.21,  P  =  0.030)  during  the  nestling 
period.  Male  and  female  NDI  scores  within 
pairs  were  positively  correlated  during  incu¬ 
bation  (r  =  0.458,  P  =  0.004,  n  =  61)  and 
the  nestling  period  (r  =  0.490,  P  =  0.002,  n 
=  44).  Unadjusted  NDI  scores  (no  adjustment 
for  possible  effects  of  number  and  age  of 
young,  and  test  date)  of  males  in  2003  and 
females  in  2004  tended  to  be  repeatable,  while 
male  NDI  in  2004  was  significantly  repeatable 
(Table  1).  Only  males  from  2004,  after  we 
controlled  for  possible  confounding  factors, 
exhibited  significantly  repeatable  behavior 
(Table  1). 

Four  of  the  females  tested  in  2003  returned 
in  2004  and,  although  none  responded  ag¬ 
gressively  to  the  mount  in  2004  (suggesting 
habituation),  small  sample  size  precluded  sta¬ 
tistical  analysis.  Male  NDI  scores  were  highly 
repeatable  between  years  (unadjusted  NDI:  r 
=  0.739,  F  =  4.35,  P  =  0.004,  n  =  9;  adjusted 
NDI  results  were  similar)  and  a  comparison 
of  NDI  scores  in  2004  of  males  that  were  first 
tested  in  2003  to  those  tested  for  the  first  time 
in  2004  showed  no  difference  during  either 
incubation  (t  =  —0.790,  P  =  0.43)  or  the  nest¬ 
ling  period  (t  =  —1.049,  P  =  0.30),  suggest¬ 
ing  that  habituation  did  not  occur. 
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TABLE  1 .  Results  of  within-year  analyses  to  assess  the  extent  to  which  nest  defense  behavior  of  Eastern 
Kingbirds  was  repeatable.  “Unadjusted”  refer  to  comparisons  of  NDI  scores  during  incubation  and  the  nestling 
stage  without  removing  possible  effects  of  test  date,  and  number  and  age  of  young,  whereas  adjusted  scores 
eliminated  possible  effects  of  the  latter  variables.  Confidence  intervals  (95%)  calculated  following  Becker  (1984). 


Gender 

Year 

Type 

na 

F 

P 

r  (95%  Cl) 

Female 

2003 

Unadjusted 

it 

3.10 

0.011 

0.454  (0.001-0.787) 

Adjusted 

li 

1.96 

0.107 

0.276  (-0.153-0.702) 

2004 

Unadjusted 

44 

2.32 

0.004 

0.388  (-0.087-0.518) 

Adjusted 

32 

1.43 

0.161 

0.175  (-0.185-0.493) 

Male 

2003 

Unadjusted 

11 

1.97 

0.087 

0.284  (-0.200-0.686) 

Adjusted 

10 

1.48 

0.238 

0.155  (-0.248-0.637) 

2004 

Unadjusted 

44 

5.60 

<0.001 

0.687  (0.471-0.828) 

Adjusted 

32 

5.86 

<0.001 

0.708  (0.478-0.848) 

a  Sample  sizes  were  smaller  for  adjusted  values  because  not  all  predictor  variables  were  known  for  each  individual. 


Time  elapsed  between  successive  trials  of 
the  same  pair  averaged  12.4  days  (±3.7,  n  = 
37;  range  =  5  to  25).  We  used  multiple  re¬ 
gression  analyses  to  further  test  for  the  pos¬ 
sibility  of  habituation  or  positive  reinforce¬ 
ment  to  the  mount  by  comparing  NDI  scores 
between  first  and  second  presentations  to  the 
same  individual.  NDI  score  during  the  nest¬ 
ling  period  was  used  as  the  dependent  vari¬ 
able,  while  independent  variables  included 
NDI  during  incubation,  year,  male  or  female, 
and  length  of  time  (days)  between  presenta¬ 
tions.  Positive  reinforcement  or  habituation 
would  be  indicated  by  a  significant  positive  or 
negative  regression  coefficient  ((3)  for  days 
between  presentations,  respectively.  No  evi¬ 
dence  of  either  positive  reinforcement  or  ha¬ 
bituation  existed  (P  =  0.111,  P  =  0.28),  and 
no  variable  other  than  NDI  during  incubation 
predicted  NDI  during  the  nestling  period  ((3  = 
0.634,  P  <  0.001;  all  others  P  >  0.1;  model 
r 2  =  0.438).  An  additional  potentially  con¬ 
founding  influence  on  NDI  score  was  the 
number  of  nest  checks  prior  to  the  date  of  the 
test.  However,  regression  analyses  gave  no  ev¬ 
idence  that  NDI  scores  of  males  or  females 
were  affected  by  number  of  times  we  visited 
a  nest  prior  to  date  of  the  test  during  either 
incubation  or  the  nestling  period  (all  P s  ± 
0.16). 

Variation  of  Nest  Defense  with  Nest  Stage 
and  Success. — Male  NDI  score  was  nearly 
40%  stronger  during  the  nestling  period  (mean 
=  0.73  ±  0.87,  n  =  34)  than  during  incubation 
(0.53  ±  0.83,  n  =  34;  t  =  -1.79,  P  =  0.08). 
Females  exhibited  a  smaller  change  in  NDI 
scores  over  the  same  time  period  (nestling  pe¬ 


riod;  mean  =  0.27  ±  0.58,  n  =  35;  incubation: 
0.21  ±  0.49,  n  =  35)  and,  although  27% 
stronger  when  they  had  young,  the  difference 
was  not  significant  ( t  =  —0.65,  P  =  0.52). 

The  proportion  of  the  nest  cycle  that  a  nest 
survived  showed  no  tendency  to  vary  with  ei¬ 
ther  male,  female,  or  combined  pair  (male  + 
female)  NDI  score  during  either  incubation 
(males,  r  =  —0.168;  females,  r  =  —0.044; 
pair,  r  =  —0.141;  for  all,  n  =  47)  or  the  nest¬ 
ling  period  (males,  r  =  0.034;  females,  r  = 
—0.013;  pair,  r  =  0.017;  for  all,  n  =  39).  Av¬ 
erage  NDI  scores  of  failed  and  successful 
nests  for  males,  females,  and  pairs  did  not  dif¬ 
fer  during  either  incubation  or  the  nestling  pe¬ 
riod  (Table  2). 

Tests  of  PI  Theory. — Male  NDI  scores  dem¬ 
onstrated  a  highly  significant  effect  of  indi¬ 
vidual  in  the  GLM  analysis  (P  <  0.00 1 ;  Table 
3).  Male  NDI  score  increased  with  age  of 
young  and  the  male’s  wing  chord  tended  to 
decline  seasonally,  but  was  unrelated  to  either 
number  of  young  or  tarsus  length  (Table  3). 
Slightly  more  than  two-thirds  of  the  variation 
of  NDI  score  was  explained  by  the  full  model. 
Sequential  removal  of  nonsignificant  contrib¬ 
utors  resulted  in  the  retention  of  individual  (P 
<  0.001),  age  of  young  (P  =  0.052,  P  = 
0.002),  Julian  date  (p  =  -0.037,  P  =  0.01), 
and  wing  chord  (P  =  0.501,  P  =  0.04);  the 
four- variable  model  accounted  for  67.5%  of 
the  variation  of  male  NDI  scores.  We  account¬ 
ed  for  less  of  the  variation  of  female  NDI 
scores  due  to  the  reduced  and  marginally  sig¬ 
nificant  effect  of  individual  (Table  3).  How¬ 
ever,  female  NDI  scores,  as  with  males,  in¬ 
creased  with  age  of  young  and  declined  with 
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TABLE  2.  Mean  ±  SD  (n)  NDI  scores  of  males,  females,  and  pairs  of  Eastern  Kingbirds  tested  during  the 
incubation  and  the  nestling  periods  between  nests  that  did  or  did  not  successfully  produce  young. 


Gender 

Stage 

Successful  nests 

Failed  nests 

t 

P 

Male 

Incubation 

0.53  ±  0.829  (31) 

0.89  ±  0.866  (16) 

1.38 

0.174 

Nestling 

0.71  ±  0.954  (31) 

0.83  ±  0.739  (8) 

0.34 

0.735 

Female 

Incubation 

0.27  ±  0.575  (33) 

0.31  ±  0.514  (18) 

0.26 

0.795 

Nestling 

0.39  ±  0.676  (31) 

0.41  ±  0.727  (9) 

0.04 

0.965 

Pairs 

Incubation 

0.79  ±  1.224  (31) 

1.00  ±  1.049  (18) 

0.63 

0.531 

Nestling 

1.06  ±  1.490  (31) 

1.07  ±  0.683  (8) 

0.02 

0.982 

date.  NDI  was  independent  of  number  of 
young  in  the  nest,  and  female  tarsus  length 
and  wing  chord.  Removal  of  nonsignificant 
variables  resulted  in  increased  influence  of  in¬ 
dividual  (P  =  0.01),  a  positive  relationship  be¬ 
tween  NDI  score  and  age  of  young  ((3  = 
0.051,  P  =  0.01),  and  a  negative  association 
of  NDI  with  date  ((3  =  -0.045,  P  =  0.02). 
The  explained  variation  also  increased  from 
—35  to  44.8%  (Table  3).  Results  of  the  pair 
NDI  analysis  mirrored  those  of  males  and  fe¬ 
males  (Table  3).  Removal  of  the  one  nonsig¬ 
nificant  contributor  (number  of  young)  pro¬ 
duced  a  slight  increase  in  the  explained  vari¬ 
ation  (67.0  to  67.7%).  All  other  variables  re¬ 
mained  significant  (pair:  P  <  0.001;  age  of 
young:  p  =  0.117,  P  <  0.001;  date:  p  = 
-0.099,  P  <  0.001). 

DISCUSSION 

Difference  in  Nest  Defense  Between  Males 
and  Females. — Males  are  often  more  aggres¬ 
sive  than  females  in  species  with  biparental 
nest  defense  (e.g.,  Regelmann  and  Curio 
1986,  Breitwisch  1988,  Sproat  and  Ritchison 
1993;  but  see  Hatch  1997,  Olendorf  and  Rob¬ 
inson  2000),  and  male  kingbirds  were  at  least 
twice  as  aggressive  as  females  throughout  the 
nest  cycle  (Davis  1941).  The  stronger  male 
response  in  kingbirds  is  all  the  more  dramatic 
given  the  knowledge  that  60%  of  males  an¬ 
nually  lose  some  paternity,  and  up  to  a  quarter 
of  males  lose  all  paternity  at  the  nests  they 
attend  (Rowe  et  al.  2001,  Dolan  et  al.  2007). 
Theory  predicts  that  males  should  be  selective 
(given  regular  loss  of  paternity)  in  distribution 
of  parental  care  (Montgomerie  and  Weather- 
head  1988,  Weatherhead  et  al.  1994,  Rios- 
Cardenas  and  Webster  2005),  but  males  were 
more  defensive  than  females  and  we  propose 
two  explanations  for  this  difference. 


Female  kingbirds  are  essential  for  nest  suc¬ 
cess  because  they  alone  incubate  eggs  and 
brood  young  (Rosa  and  Murphy  1994);  they 
also  feed  young  at  twice  the  rate  of  males 
(Woodard  and  Murphy  1999).  Exposure  to  po¬ 
tential  injury  is  maladaptive  for  both  males 
and  females  (Montgomerie  and  Weatherhead 
1988),  but  death  of  a  female  prior  to  at  least 
the  middle  of  the  nestling  period  would  in¬ 
evitably  result  in  reproductive  failure.  Hayes 
and  Robertson’s  (1989)  male  removal  experi¬ 
ments  showed  that  females  usually  fledged 
young  when  males  were  removed.  Thus,  se¬ 
lection  may  have  favored  more  aggressive 
male  defense  because  loss  of  the  female  is  cer¬ 
tain  to  result  in  complete  reproductive  failure. 

A  second  possibility  is  that  aggressive  male 
nest  defense  is  an  epigamic  signal  used  by  fe¬ 
males  during  mate  choice  (Curio  et  al.  1984). 
Extra-pair  paternity  is  common  in  kingbirds 
and  the  opportunity  for  sexual  selection  ( sensu 
Webster  et  al.  1995)  is  high  (Dolan  et  al. 
2007).  Males  could  be  either  winners  or  los¬ 
ers,  and  aggressive  behavior  may  either  di¬ 
rectly  (male:male  competition)  or  indirectly 
(female  choice)  affect  a  male’s  prospects  of 
siring  young.  Male  Savannah  Sparrows  ( Pas - 
serculus  sandwichensis),  like  kingbirds,  reg¬ 
ularly  lose  paternity  yet  still  provide  substan¬ 
tial  care  for  young,  apparently  because  fe¬ 
males  use  male  provisioning  effort  to  make 
decisions  regarding  future  mates  (Freeman- 
Gallant  1996).  Male  within-pair  success  in  the 
Malheur  kingbird  population  correlated  posi¬ 
tively  with  NDI  score  during  incubation  (Do¬ 
lan  et  al.  2007);  thus,  females  may  use  ag¬ 
gressive  male  behavior  as  a  signal  of  male 
quality  during  mate  choice. 

The  Repeatable  Nature  of  Nest  Defense. — 
Parental  behavior  is  presumed  to  be  an 
evolved  genetically  based  trait  (e.g.,  Falls  and 
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TABLE  3.  GLM  analyses  relating  Eastern  Kingbird  nest  defense  (NDI  score)  to  individual,  date  of  test,  age 
and  number  of  young,  and  morphological  indicators  of  adult  size/quality. 

Gender 

Variable 

F 

P 

P 

Model  r2 

Male 

Individual3 

4.260 

<0.001 

0.689 

Julian  date 

3.623 

0.066 

-0.031 

Age  of  young 

7.422 

0.010 

0.051 

Number  of  young 

1.815 

0.187 

0.289 

Wing  chord 

3.995 

0.054 

0.913 

Tarsus 

1.943 

0.173 

16.242 

Female 

Individual8 

1.728 

0.053 

0.349 

Julian  date 

4.869 

0.035 

-0.052 

Age  of  young 

6.523 

0.016 

0.061 

Number  of  young 

0.036 

0.850 

-0.033 

Wing  chord 

0.457 

0.504 

-0.373 

Tarsus 

0.006 

0.940 

0.020 

Pair 

Pair8 

4.204 

<0.001 

0.670 

Julian  date 

15.912 

<0.001 

-0.098 

Age  of  young 

19.342 

<0.001 

0.117 

Number  of  young 

0.114 

0.737 

0.096 

3  Individuals  and  pair  included  as  random  factors. 


Kopachena  1994),  and  studies  have  shown 
that  provisioning  rates  are  repeatable  (Free¬ 
man-Gallant  and  Rothstein  1999,  MacColl 
and  Hatchwell  2003,  Schwagmeyer  and  Mock 
2003;  but  see  Gray  et  al.  2005).  Curio  (1975) 
established  that  mobbing  behavior  is  repeat- 
able  in  European  Pied  Flycatchers  ( Ficedula 
hypoleuca),  but  Hatch  (1997)  found  no  evi¬ 
dence  to  suggest  that  nest  defense  was  re¬ 
peatable  in  female  Song  Sparrows  ( Melospiza 
melodia ).  We  found  that  most  estimates  of 
NDI  scores  were  significantly  repeatable  (or 
tended  toward  significance)  when  potential 
confounding  effects  of  date,  number  of  young, 
and  age  were  not  considered  (i.e.,  unadjusted 
NDI  scores).  Only  males  showed  significantly 
repeatable  behavior  (between  years  and  in 
2004)  after  removing  the  influences  of  the 
confounding  factors.  Sample  size  for  males  in 
2004  was  three  (adjusted  NDI)  to  four  (un¬ 
adjusted  NDI)  times  larger  than  in  2003,  and 
we  suspect  the  2004  data  better  reflect  indi¬ 
vidual  differences  in  male  behavior.  The  GLM 
analyses  identified  the  individual  as  the  most 
important  source  of  variation  in  NDI,  which 
also  suggests  that  male  nest  defense  is  re¬ 
peatable;  some  males  were  more  aggressive 
than  others.  That  female  nest  defense  was  less 
repeatable  may  reflect  condition  dependent 
behavior  arising  from  greater  energetic  stress 
associated  with  egg  laying  and  greater  invest¬ 


ment  in  all  other  aspects  of  parenting  (Wood¬ 
ard  and  Murphy  1999). 

Nest  Defense  and  Success. — Blancher  and 
Robertson’s  (1982)  kingbird  study  was  one  of 
the  first  positive  tests  of  the  expected  relation¬ 
ship  between  nest  defense  and  success  (see 
also  Greig-Smith  1980,  Breitwisch  1988,  Er¬ 
win  1988).  Siderius’  (1994)  and  our  tests  gave 
no  indication  that  nest  defense  behavior  and 
nest  success  were  related.  Others  have  also 
failed  to  detect  the  predicted  positive  relation¬ 
ship  between  aggressive  nest  defense  and  suc¬ 
cess  (reviewed  in  Hatch  1997).  Common  Ra¬ 
vens  ( Corvus  corax),  American  Crows,  and 
especially  Black-billed  Magpies  ( Pica  hud - 
sonia )  were  common  at  our  study  site  and 
magpies  occurred  in  family  groups  of  4-8  in¬ 
dividuals  that  moved  as  units  through  the 
study  area.  A  kingbird  pair  generally  has  no 
problem  defending  their  nest  against  a  single 
magpie  (MTM,  pers.  obs.),  but  large  groups 
likely  swamped  the  effectiveness  of  kingbird 
nest  defense.  We  suspect  that  absence  of  a 
species  like  magpie  in  Ontario  was  the  pri¬ 
mary  reason  for  the  different  results  between 
Ontario  and  Oregon. 

PI  Theory:  Individual  Response  and  Value 
of  Young. — We  explained,  at  best,  —10%  of 
variation  in  NDI  score  when  the  individual 
was  not  considered  in  the  GLM  analyses. 
However,  once  we  included  individual  re- 
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sponse  as  a  factor,  the  explained  variation  for 
males  (67.5%)  and  females  (44.8%)  rose  sub¬ 
stantially.  Whether  these  represent  heritable 
differences  or  were  a  product  of  environmen¬ 
tal  experiences  during  development  is  un¬ 
known,  but  the  individual  was  clearly  the 
dominant  source  of  variation  in  nest  defense 
behavior  of  kingbirds,  van  Oers  et  al.  (2004) 
and  Carere  et  al.  (2005)  showed  similar  con¬ 
sistencies  in  “personality”  of  other  avian  spe¬ 
cies,  suggesting  that  accounting  for  individual 
behavioral  tendencies  is  important  in  many 
situations. 

We  also  detected  significant  influences  of 
age  of  young  and  date  on  strength  of  nest  de¬ 
fense.  Theory  predicts  that  nestlings  are  more 
valuable  than  eggs  because  they  are  closer  to 
independence,  and  that  early-season  nestlings 
are  more  valuable  than  late-season  nestlings 
because  of  declining  prospects  of  recruitment 
late  in  the  season  (Montgomerie  and  Weath- 
erhead  1988).  Knight  and  Temple  (1986b) 
suggested  that  much  of  the  support  for  both 
predictions  was  an  artifact  of  positive  rein¬ 
forcement  arising  from  repeated  trials  of  the 
same  birds,  but  kingbirds  gave  no  evidence  of 
positive  reinforcement.  The  simple  paired 
comparisons  of  NDI  scores  between  incuba¬ 
tion  and  the  nestling  period  did  not  support 
the  prediction  that  older  young  should  be  de¬ 
fended  more  intensely.  However,  the  more 
comprehensive  GLM  analyses  based  on  actual 
age  of  the  eggs/young  showed  that  both  males 
and  females  defended  older  offspring  more  in¬ 
tensely,  in  agreement  with  theory  and  Blanch- 
er  and  Robertson’s  (1982)  findings. 

Recruitment  of  young  declines  seasonally 
in  many  species,  and  our  analysis  of  recruit¬ 
ment  probability  for  kingbird  nestlings  (44  re¬ 
turns  of  208  banded  young)  suggests  that  re¬ 
cruitment  declines  with  fledging  date  (logistic 
regression  for  all  young,  P  =  0.13,  but  for 
young  males,  P  =  0.03),  suggesting  that  early 
season  broods  are  more  valuable.  Biermann 
and  Robertson  (1981)  attributed  stronger  de¬ 
fense  of  early-season  broods  by  Red-winged 
Blackbirds  (Agelaius  phoeniceus )  to  a  proba¬ 
ble  seasonal  decline  in  survival  of  young.  Our 
GLM  analysis  also  showed  that  early-season 
broods  received  the  strongest  defense.  Annual 
adult  survival  of  kingbirds  is  moderately  high 
(—65%)  (Murphy  2000;  MTM,  unpubl.  data). 
We  suggest  that  benefits  of  aggressively  de¬ 


fending  young  late  in  the  season  were  out¬ 
weighed  by  risk  of  injury  (and  increased 
chance  of  death  to  adults)  and  low  recruitment 
probability  of  young  fledged  late  in  the  sea¬ 
son. 

Contrary  to  theory  and  reports  from  other 
species  (Knight  and  Temple  1986a,  Wiklund 
1990,  Olendorf  and  Robinson  2000,  Radford 
and  Blakey  2000;  but  see  Winkler  1992),  we 
found  nest  defense  of  both  males  and  females 
was  independent  of  number  of  young.  Uncer¬ 
tainty  of  parentage  influences  parental  effort 
in  birds  (Burke  et  al.  1989,  Dixon  et  al.  1994, 
Weatherhead  et  al.  1994,  Chuang-Dobbs  et  al. 
2001)  and  other  taxa  (Ostlund-Nilsson  2002, 
Rios-Cardenas  and  Webster  2005).  This  may 
explain  why  males  failed  to  defend  in  propor¬ 
tion  to  the  size  of  the  clutch  or  brood  given 
the  high  rates  of  extra-pair  paternity  that  exist 
in  kingbirds  (Rowe  et  al.  2001,  Dolan  et  al. 
2007).  This  is  not  a  possible  explanation  for 
females  because  intraspecific  brood  parasitism 
has  not  been  detected  in  the  Malheur  kingbird 
population  (Dolan  et  al.  2007).  The  absence 
of  a  relationship  between  female  NDI  score 
and  clutch/brood  size  may  have  arisen  from 
differences  in  individual  perception  of  value. 
Clutch  size  is  a  repeatable  character  in  female 
kingbirds  (Murphy  2004)  and  different  fe¬ 
males  may  perceive  clutches  or  broods  of  dif¬ 
ferent  sizes  equally.  A  test  of  this  hypothesis 
requires  that  clutch  or  brood  size  be  manipu¬ 
lated  prior  to  quantification  of  nest  defense. 
Female  NDI  was  not  related  to  morphology, 
which  is  not  surprising  given  that  clutch  size 
is  not  related  to  female  size  in  kingbirds  (Mur¬ 
phy  2004).  Male  NDI  score  was  positively  as¬ 
sociated  with  wing  chord,  but  only  after  ac¬ 
counting  for  individual  response.  This  may  re¬ 
flect  superior  flight  performance  by  males 
with  longer  wings.  Wing  chord  often  increases 
between  the  first  and  later  breeding  seasons 
(e.g.,  Stutchbury  and  Robertson  1987,  Rego- 
sin  and  Pruett-Jones  2001).  Thus,  older  males 
may  have  responded  more  strongly  as  a  con¬ 
sequence  of  either  experience  or  a  willingness 
to  take  greater  risks  associated  with  declining 
reproductive  value  as  they  age  (Steams  1992). 
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SITE  FIDELITY,  MATE  FIDELITY,  AND  BREEDING  DISPERSAL  IN 

AMERICAN  KESTRELS 
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ABSTRACT. — We  assessed  mate  fidelity,  nest-box  fidelity,  and  breeding  dispersal  distances  of  American 
Kestrels  ( Falco  sparverius )  nesting  in  boxes  in  southwestern  Idaho  from  1990  through  2006.  Seventy-seven 
percent  of  boxes  had  different  males  and  87%  had  different  females  where  nest-box  occupants  were  identified 
in  consecutive  years.  High  turnover  rates  were  partly  a  result  of  box-switching.  Forty-eight  percent  of  males 
and  58%  of  females  that  nested  within  the  study  area  in  successive  years  used  different  boxes.  The  probability 
of  changing  boxes  was  unrelated  to  gender,  nesting  success  in  the  prior  year,  or  years  of  nesting  experience. 
Breeding  dispersal  distances  for  birds  that  moved  to  different  boxes  averaged  2.2  km  for  males  (max  =  22  km) 
and  3.2  km  for  females  (max  =  32  km).  Approximately  70%  of  birds  that  nested  in  consecutive  years  on  the 
study  area  had  a  different  mate  in  the  second  year.  Mate  fidelity  was  related  to  box  fidelity  but  not  to  prior 
nesting  success  or  years  of  nesting  experience.  Mate  changes  occurred  32%  of  the  time  when  the  previous  mate 
was  known  to  be  alive  and  nesting  in  the  area.  Kestrels  that  switched  mates  and  boxes  did  not  improve  or 
decrease  their  subsequent  nesting  success.  Kestrels  usually  switched  to  mates  with  less  experience  and  lower 
lifetime  productivity  than  their  previous  mates.  The  costs  of  switching  boxes  and  mates  were  low,  and  there 
were  no  obvious  benefits  to  fidelity.  The  cost  of  “waiting”  for  a  previous  mate  that  might  have  died  could  be 
high  in  species  with  high  annual  mortality.  Received  23  November  2007.  Accepted  1  May  2008. 


Dispersal  behavior  is  important  as  it  may 
affect  the  abundance,  distribution,  and  genetic 
composition  of  animal  populations  (Green¬ 
wood  1980,  Clobert  et  al.  2001).  It  is  thought 
that  animals  change  nest  locations  and  mates 
to  improve  their  future  reproductive  success 
(Greenwood  1980).  Most  birds,  including  rap¬ 
tors,  return  to  nest  in  the  same  areas  year  after 
year,  and  some  pair  with  the  same  mate  in 
multiple  years  (Newton  1979).  However,  the 
advantages  of  staying  on  the  same  territory  or 
with  the  same  mate  may  be  outweighed  by  the 
advantages  of  moving  to  a  better  territory  or 
a  better  mate  (Choudhury  1995).  Black  Kites 
( Milvus  migrans),  for  example,  were  more 
likely  to  leave  low-quality  territories  (Forero 
et  al.  1999),  and  Eurasian  Sparrowhawks  (Ac- 
cipiter  nisus)  that  changed  territories  in  Scot¬ 
land  tended  to  occupy  a  better  territory  after 
the  move  (Newton  and  Marquiss  1 982).  Fe¬ 
male  Merlins  ( Falco  columbarius)  that  had 
been  mated  with  younger,  less  experienced 
males  dispersed  more  than  other  females 
(Wiklund  1996),  and  female  Boreal  Owls  (Ae- 
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golius  funereus )  shifted  territories  to  obtain 
older,  more  experienced  resident  males  for 
their  new  mates  (Korpimaki  1988).  Re-mating 
rates  in  Common  Kestrels  ( Falco  tinnunculus ) 
were  related  to  previous  nesting  success  (Vil¬ 
lage  1990).  A  greater  tendency  to  change  ter¬ 
ritories  after  nesting  failure  has  been  demon¬ 
strated  in  many  birds,  including  raptors  (New¬ 
ton  and  Marquiss  1982,  Beletsky  and  Orians 
1987,  Part  and  Gustafsson  1989,  Newton 
1993,  Haas  1998).  High  site  fidelity  is  usually 
associated  with  long-lived  birds  in  stable  en¬ 
vironments;  short-lived  birds  living  in  variable 
environments  typically  show  less  fidelity  to 
nesting  areas  and  mates  (Choudhury  1995, 
Forsman  et  al.  2002). 

American  Kestrels  ( Falco  sparverius )  are 
small,  short-lived,  sexually  dimorphic  raptors 
that  occur  throughout  North  and  South  Amer¬ 
ica  (Smallwood  and  Bird  2002).  They  com¬ 
monly  occur  in  habitats  used  and  modified  by 
humans  and,  as  secondary  cavity  nesters,  they 
readily  use  nest  boxes.  American  Kestrels  in 
southwestern  Idaho  have  a  prolonged  nesting 
season  (Mar- Aug),  and  many,  if  not  most,  in¬ 
dividuals  remain  on  or  near  nesting  areas 
through  the  winter  (Henny  and  Brady  1994; 
USGS,  unpubl.  data).  Information  on  kestrel 
fidelity  to  sites  and  mates  is  limited.  Bortolotti 
and  Iko  (1992)  reported  on  mate  and  territory 
changes  between  arrival  on  a  Saskatchewan 
study  area  and  egg-laying.  However,  few  stud- 
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TABLE  1.  Availability  and  use  of  nest  boxes  in 
southwestern  Idaho  by  American  Kestrels,  1990-2006. 

% 


Year 

Boxes 

available 

Boxes 

occupied 

Occupied 

Females 

trapped 

%  Males 
trapped 

1990 

54 

20 

37 

40 

10 

1991 

52 

24 

46 

33 

8 

1992 

126 

57 

45 

57 

10 

1993 

125 

47 

38 

80 

45 

1994 

116 

38 

33 

97 

76 

1995 

108 

42 

39 

81 

60 

1996 

108 

59 

55 

93 

63 

1997 

110 

67 

61 

90 

50 

1998 

109 

68 

62 

94 

72 

1999 

107 

70 

65 

99 

83 

2000 

103 

51 

50 

100 

91 

2001 

95 

42 

44 

98 

78 

2002 

94 

52 

55 

94 

85 

2003 

91 

47 

52 

91 

85 

2004 

90 

57 

63 

89 

79 

2005 

87 

64 

74 

99 

82 

2006 

80 

55 

69 

93 

61 

ies  have  quantified  kestrel  fidelity  to  sites  and 
mates  between  years.  Much  of  the  available 
information  has  been  anecdotal  or  based  on 
short-term  evaluations  (Toland  and  Elder 
1987).  Early  studies  that  reported  high  site  fi¬ 
delity  in  American  Kestrels  were  based  on  un¬ 
marked  birds  (Smith  et  al.  1972,  Balgooyen 
1976). 

We  report  results  from  the  first  long-term 
study  to  evaluate  site  fidelity,  mate  fidelity, 
and  breeding  dispersal  of  a  large  sample  of 
American  Kestrels  at  a  local  scale.  Our  objec¬ 
tives  were  to:  (1)  ascertain  mate  fidelity,  box 
fidelity,  and  local  breeding  dispersal  distances 
of  American  Kestrels  and  how  they  differ  by 
gender;  (2)  assess  how  territory  quality,  indi¬ 
vidual  experience,  and  nesting  success  influ¬ 
ence  mate  fidelity,  box  fidelity,  and  dispersal 
distances;  and  (3)  assess  the  consequences  of 
fidelity  and  dispersal  in  terms  of  subsequent 
nesting  success. 

METHODS 

Study  Area. — The  1,000-km2  study  area  in¬ 
cluded  nest  boxes  in  open  agricultural  and 
rangeland  habitats  in  southwestern  Idaho 
(43°  N,  116°W).  Each  year  52-126  boxes 
were  available  to  kestrels  with  numbers  peak¬ 
ing  in  1992  and  then  gradually  decreasing  as 
boxes  were  destroyed  by  vandalism  or  devel¬ 
opment  (Table  1).  Approximately  20%  of  box¬ 


es  were  on  highway  signs  along  Interstate  84, 
20%  were  on  trees  in  rural  residential  prop¬ 
erties  near  Kuna,  Idaho,  and  60%  were  on 
wooden  poles  in  agricultural  and  exurban  ar¬ 
eas  near  Boise,  Kuna,  and  Meridian,  Idaho. 
Land  use  patterns  changed  during  the  study 
with  housing  developments  and  traffic  in¬ 
creasing  over  time.  Nearest  neighbor  distances 
between  all  boxes  available  during  the  study 
averaged  (±  SE)  886  ±  43  m  (range  =  178 
to  2,574  m).  Each  nesting  box  could  be  con¬ 
sidered  a  “nesting  territory”  as  defined  by 
Newton  and  Marquiss  (1982),  as  it  represent¬ 
ed  a  confined  locality  where  kestrels  nested 
and  where  no  more  than  one  pair  bred  at  one 
time.  Each  potential  nesting  territory  had  only 
one  box,  and  selection  of  a  nest  box  consti¬ 
tuted  selection  of  both  the  nesting  site  and  the 
surrounding  foraging  habitat  (Rohrbaugh  and 
Yahner  1997).  Kestrels  also  had  opportunities 
to  nest  in  old  trees  and  buildings  that  we  did 
not  monitor  as  well  as  in  boxes  erected  by 
other  investigators  within  and  on  the  periph¬ 
ery  of  the  study  area. 

Field  Procedures. — Each  year,  we  checked, 
cleaned,  and  added  fresh  wood  shavings  to  all 
boxes  in  March.  We  replaced  and  repaired 
some  boxes  each  year,  and  we  removed  nests 
of  European  Starlings  ( Sturnus  vulgaris )  to 
keep  all  boxes  suitable  for  kestrels.  We  re¬ 
visited  all  boxes  in  late  April,  late  May,  and 
early  June  to  check  for  kestrel  occupancy.  We 
considered  a  box  occupied  and  a  nesting  at¬ 
tempt  to  have  occurred  if  the  box  contained 
at  least  one  fresh  egg.  We  re-visited  boxes 
with  kestrel  eggs  or  young  as  often  as  neces¬ 
sary  to  capture  adults,  estimate  ages  of  young, 
and  ascertain  nesting  success  and  productivity. 
We  estimated  ages  of  young  using  a  photo¬ 
graphic  key  (Griggs  and  Steenhof  1993).  We 
blocked  the  nest-box  entrance  with  a  plastic 
pipe  to  capture  an  adult  and,  while  standing 
on  a  ladder,  manually  removed  the  bird  from 
the  box.  We  used  a  mist  net  with  a  live  Great 
Horned  Owl  ( Bubo  virginianus )  during  late 
brood-rearing  at  sites  where  we  had  been  un¬ 
able  to  catch  adults  in  boxes  during  incubation 
or  early  brood-rearing  (Steenhof  et  al.  1994). 
We  banded  nestlings  and  unmarked  adults 
with  aluminum  USGS  bands,  and  recorded 
band  numbers  of  adults  previously  banded. 
Once  we  had  captured  and  identified  an  adult, 
we  did  not  try  to  recapture  it  until  the  follow- 
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ing  year,  unless  there  was  a  second  nesting 
attempt  in  the  same  year.  Capture  and  han¬ 
dling  procedures  followed  Animal  Care  Pro¬ 
tocol  guidelines  approved  by  Boise  State  Uni¬ 
versity  (IACUC  Numbers  006-01-006  and 
006-05-004). 

Analytical  Procedures. — We  considered 
nesting  attempts  to  be  successful  when  young 
reached  80%  of  fledging  age  (75%  feathered 
or  —22  days  of  age;  Griggs  and  Steenhof 
1993).  We  considered  the  number  of  young  in 
broods  with  nestlings  >22  days  to  be  the 
number  that  fledged.  We  estimated  lifetime  re¬ 
production  of  marked  individuals  as  the  num¬ 
ber  of  fledglings  produced  in  all  years  they 
nested  in  one  of  our  boxes.  We  did  not  esti¬ 
mate  lifetime  reproduction  of  individuals  still 
nesting  in  2006  or  of  individuals  for  which 
we  had  incomplete  information  on  nesting 
success  or  brood  size  at  fledging  in  one  or 
more  years. 

We  recorded  Universal  Transverse  Mercator 
(UTM)  coordinates  of  boxes  using  topograph¬ 
ic  maps  and  a  Global  Positioning  System.  We 
defined  breeding  dispersal  distance  as  the 
shortest  distance  between  nest  boxes  used  by 
individuals  in  successive  years  (Greenwood 
and  Harvey  1982).  We  calculated  breeding 
dispersal  distance  between  years  based  on  the 
last  box  occupied  in  the  preceding  year  and 
the  first  box  occupied  in  the  subsequent  year 
in  cases  where  kestrels  nested  in  more  than 
one  box  during  the  same  breeding  season.  We 
could  have  detected  dispersal  distances  up  to 
66  km,  based  on  the  size  and  shape  of  the 
study  area.  We  considered  “mate  switches” 
(Warkentin  et  al.  1991)  or  “divorces”  (Row- 
ley  1983,  Choudhury  1995)  to  have  occurred 
either  when  both  members  of  a  pair  were 
found  mated  to  a  different  bird  in  the  follow¬ 
ing  year  or  when  one  was  with  a  different 
mate  in  the  following  year  and  its  previous 
mate  was  known  to  be  alive  in  a  subsequent 
year. 

We  assigned  one  of  five  “grades”  to  each 
box  to  evaluate  how  territory  quality  might 
affect  site  fidelity,  following  Newton  and 
Marquiss  (1982).  Grades  were  based  on  the 
percent  of  available  years  a  box  was  occupied 
from  1986  to  2006.  Boxes  occupied  <30%  of 
years  were  classified  as  Grade  1,  30-49%  as 
Grade  2,  50-69%  as  Grade  3,  70-89%  as 
Grade  4,  and  >90%  as  Grade  5.  We  banded 


some  adults  and  most  nestlings  in  boxes  from 
1986  to  1989,  but  did  not  encounter  adults 
nesting  in  multiple  years  until  1991.  There¬ 
fore,  our  analyses  include  only  those  individ¬ 
uals  first  encountered  as  nesters  in  1990  or 
later. 

We  used  independent  t-tests  on  log-trans¬ 
formed  dispersal  distances  with  Systat  12.0. 
We  compared  frequencies  among  groups  us¬ 
ing  contingency  tables  and  calculated  likeli¬ 
hood  ratio  statistics  (G-tests)  using  StatXact 
3.1  software  (Cytel  Software  1989).  P-values 
from  the  groups  of  tests  about  box  fidelity  and 
mate  fidelity  were  adjusted  using  a  step-up 
Bonferroni  adjustment  to  control  the  experi¬ 
ment  error  rate  at  P  =  0.05  (Hochberg  1988, 
SAS  Proc  Multtest).  We  used  independent 
f-tests  on  log-transformed  dispersal  distances 
with  Systat  12.0.  All  other  tests  were  consid¬ 
ered  independent  and  were  evaluated  for  sig¬ 
nificance  at  P  <  0.05. 

RESULTS 

The  percent  of  boxes  occupied  by  kestrels 
each  year  ranged  from  33  to  74  between  1990 
and  2006  (Table  1).  Females  were  easier  to 
catch  than  males,  and  we  captured  33-100% 
of  females  and  8-91%  of  males  nesting  in 
boxes  each  year.  The  proportion  of  adults  cap¬ 
tured  generally  increased  over  time  (Table  1). 
One  hundred  and  ninety-six  (96  males  and 
100  females)  of  977  adults  we  captured  in 
boxes  with  eggs  or  young  from  1990  through 
2005  nested  in  study  area  boxes  in  at  least  2 
years.  Three  nested  for  6  years,  five  for  5 
years,  17  for  4  years,  45  for  3  years,  and  126 
for  2  years. 

Turnover  and  Box  Fidelity. — Seventy-seven 
percent  of  boxes  where  nest  box  occupants 
were  identified  in  consecutive  years  had  dif¬ 
ferent  males  ( n  =  299),  and  87%  had  different 
females  (n  =  462).  Kestrels  used  different 
boxes  in  161  (53%)  of  the  302  cases  in  which 
they  nested  within  the  study  area  in  successive 
years.  Only  one  move  occurred  as  a  result  of 
the  box  being  absent.  The  previously  used  box 
was  still  available  in  the  subsequent  year  in 
all  other  cases  where  kestrels  dispersed  within 
the  study  area.  Most  kestrels  (81%  of  52 
males  and  73%  of  45  females)  that  used  the 
same  box  in  at  least  2  consecutive  years  used 
the  same  box  for  only  2  consecutive  years. 
One  female  used  the  same  box  for  5  consec- 
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TABLE  2.  American  Kestrel  use  of  boxes  in  suc¬ 
cessive  years  in  relation  to  prior  nesting  success  and 
years  of  nesting  experience  in  southwestern  Idaho, 
1990-2006. 

Same 

box 

Different 

box 

Changing 

Gl 

P 

Males 

Successful 

71 

58 

45 

Unsuccessful 

4 

12 

75 

5.33 

0.12 

<3  years 

65 

63 

49 

>3  years 

11 

7 

39 

0.73 

0.94 

Females 

Successful 

59 

9 

58 

Unsuccessful 

6 

8 

57 

0.05 

0.94 

<3  years 

55 

84 

60 

£3  years 

11 

7 

39 

2.99 

0.20 

utive  years,  and  one  male  used  the  same  box 
for  6  consecutive  years.  Ten  kestrels  (7  fe¬ 
males  and  3  males)  returned  to  nest  in  a  box 
they  had  nested  in  and  dispersed  from  in  a 
previous  year. 

Box  fidelity  was  similar  for  males  and  fe¬ 
males  (G[  =  2.85,  P  =  0.36).  Forty-eight  per¬ 
cent  of  males  and  58%  of  females  that  nested 
within  the  study  area  in  successive  years  used 
different  boxes.  The  probability  of  changing 
boxes  in  successive  years  was  not  related  to 
years  of  nesting  experience  or  nesting  success 
in  the  prior  year  (Table  2).  The  frequency  of 
box  changes  in  the  second  year  of  nesting  was 
unrelated  to  grade  of  the  box  used  in  the  initial 
year.  Kestrels  moved  from  Grade  1-2  boxes 
at  the  same  rate  as  from  Grade  4-5  boxes  (Gl 
=  0.12,  P  =  0.94).  Only  36%  of  kestrels  that 
switched  boxes  moved  to  a  higher  grade  box; 
25%  moved  to  a  lower  grade  box,  and  38% 
moved  to  a  box  of  the  same  grade. 

Kestrels  that  moved  to  different  boxes  had 
similar  nesting  success  after  moving  as  kes¬ 
trels  that  did  not  move  (G,  =  1.58,  P  =  0.20 
for  males;  G,  =  0.003,  P  =  0.95  for  females). 
Mean  annual  productivity  (number  of  young 
fledged)  was  similar  for  individuals  that  used 
multiple  boxes  and  those  that  used  only  one 
box  (males:  r93  =  1.46,  P  =  0.15;  females:  f98 
=  0.31,  P  =  0.76).  Nearly  all  of  the  most 
prolific  kestrels  in  the  study  area  used  at  least 
two  different  boxes  during  their  lifetime  (Ta¬ 
ble  3).  The  male  with  the  highest  lifetime  re¬ 
production  during  the  study  (27  young 
fledged)  used  five  different  boxes  in  6  years. 


TABLE  3.  Numbers  of  mates  and  nest  boxes  used 
by  American  Kestrels  with  the  highest  lifetime  repro¬ 
duction  in  southwestern  Idaho,  1990—2005. 

Lifetime 

production 

Years  nesting 

Boxes  used 

Mates 

Males 

27 

6 

5 

4 

25 

6 

1 

3 

22 

5 

1 

4 

20 

4 

2 

2 

18 

4 

4 

3 

17 

4 

3 

2 

17 

4 

3 

4 

17 

4 

3 

2 

16 

5 

1 

4 

16 

4 

3 

3 

15 

4 

3 

>3 

15 

3 

2 

2 

15 

3 

2 

3 

15 

3 

2 

2 

14 

4 

4 

3 

Females 

24 

5 

2 

>2 

21 

6 

3 

5 

18 

4 

4 

3 

18 

4 

3 

2 

18 

4 

4 

3 

17 

3 

3 

2 

17 

4 

4 

>3 

16 

4 

4 

3 

16 

3 

3 

3 

15 

3 

3 

>2 

14 

3 

1 

2 

14 

3 

1 

>2 

Breeding  Dispersal  Distances. — Breeding 
dispersal  distances  of  birds  that  moved  to  dif¬ 
ferent  boxes  averaged  2.2  km  for  males  (n  = 
70,  median  =1.4  km,  maximum  =  22.4  km) 
and  3.2  for  females  (n  =  92,  median  =  2.0 
km,  maximum  =  32.5  km).  Distances  moved 
by  females  were  longer  (tl60  =  2.02,  P  =  0.04) 
than  for  males.  Sixty-nine  percent  of  males 
and  51%  of  females  moved  <2  km  between 
boxes;  84%  of  males  and  68%  of  females 
moved  <3  km  between  boxes  (Fig.  1).  None 
of  the  kestrels  we  marked  was  recovered  out¬ 
side  the  study  area  or  >33  km  from  their 
breeding  locations  during  subsequent  breeding 
seasons. 

Kestrels  that  dispersed  after  failed  nesting 
attempts  moved  similar  distances  as  success¬ 
ful  kestrels  that  dispersed  (males:  t68  =  0.49, 
P  =  0.63;  females:  t88  =  1.4,  P  =  0.18).  Dis- 
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FIG.  1.  Dispersal  distances  of  male  and  female 
American  Kestrels  that  nested  in  different  boxes  in 
successive  years  in  southwestern  Idaho,  1990-2006. 

persal  distances  were  similar  (males:  t(a  ~ 
1.20,  P  =  0.24;  females:  tso  =  0.23,  P  =  0.82) 
for  kestrels  that  subsequently  reproduced  suc¬ 
cessfully  and  unsuccessfully.  Success  rates 
were  similar  for  birds  that  subsequently 
moved  greater  and  less  than  the  median  dis¬ 
tance  moved  between  boxes  (Gt  =  0.01,  P  = 
0.94  for  males;  G,  =  1.00,  P  =  0.32  for  fe¬ 
males),  and  were  also  similar  after  birds  had 
dispersed  (G,  =  3.28,  P  =  0.07  for  males;  G, 
=  0.04,  P  =  0.84  for  females).  The  female 
that  dispersed  farther  than  any  other  birds  in 
the  study  (32:5  km)  was  unsuccessful  before 
and  successful  after  her  move;  the  longest-dis¬ 
persing  male  (22.4  km)  was  successful  both 
before  and  after  dispersal. 

Mate  Fidelity. — Seventy-two  percent  of  144 
marked  males  that  nested  in  successive  years 
with  marked  mates  had  different  mates  in  each 
year,  and  63%  of  1 13  marked  females  nesting 
in  successive  years  had  different  mates.  The 
maximum  number  of  years  that  pairs  nested 
together  was  three  (n  =  6  cases). 

The  probability  of  changing  mates  was  not 
related  to  years  of  nesting  experience  or  nest¬ 
ing  success  in  the  prior  year  (Table  4),  but 
mate  fidelity  was  related  to  box  fidelity  (Table 
5).  Thirty-nine  percent  of  74  males  that  nested 
in  the  same  box  in  successive  years  had  the 
same  mate,  but  only  17%  of  69  males  that 
moved  to  different  boxes  continued  to  nest 
with  their  previous  mate  (G,  =  8.51,  P  = 
0.004).  Thirty-eight  percent  of  47  females  that 
nested  in  the  same  box  in  successive  years  had 
the  same  mate,  but  only  18%  of  66  females 
that  changed  boxes  paired  with  their  former 
mate  (Gt  =  22.89,  P  <  0.001;  Table  5). 


TABLE  4.  American  Kestrel  mate  changes  in  suc¬ 
cessive  years  in  relation  to  prior  nesting  success  and 
years  of  nesting  experience  in  southwestern  Idaho, 
1990-2006. 


Same 

mate 

Different 

mate 

% 

Changing 

Gl 

P 

Males 

Successful 

39 

88 

69 

Unsuccessful 

2 

14 

88 

2.66 

0.30 

<3  years 

32 

94 

75 

£3  years 

9 

8 

47 

5.06 

0.08 

Females 

Successful 

36 

67 

65 

Unsuccessful 

1 

4 

80 

0.52 

0.47 

<3  years 

35 

64 

65 

3:3  years 

7 

7 

50 

1.09 

0.30 

Individuals  with  new  mates  had  similar  suc¬ 
cess  rates  in  subsequent  nesting  attempts  as 
individuals  that  continued  to  nest  with  the 
same  mate  (G,  =  0.40,  P  =  0.53  for  130 
males;  Gt  =  0.32,  P  =  0.57  for  females).  All 
of  the  most  prolific  kestrels  in  the  study  area 
had  more  than  one  mate  during  their  lifetime 
(Table  3).  The  most  productive  male  had  four 
different  mates  in  6  years,  and  the  second 
most  productive  male  had  three  different 
mates  in  6  years. 

Mate  Switching. — Mate  switches  (“divor¬ 
ces”)  occurred  in  19  (32%)  of  60  cases  where 
both  members  of  the  pair  were  known  to  be 
alive  and  still  nesting  in  boxes  within  the 
study  area.  Rates  of  mate  switching  were  not 
associated  with  prior  nesting  failure.  Pairs  that 


TABLE  5.  Status  of  American  Kestrels  nesting  in 
successive  years  with  marked  mates  in  southwestern 
Idaho,  1990-2006. 


Males  Females 


n 

% 

n 

% 

Same  box,  same  mate 

29 

20 

29 

26 

Different  box,  same  mate 

12 

8 

12 

11 

Same  box,  different  mate 

45 

31 

18 

16 

Mate  still  alive 

9 

1 

Status  of  former  mate  un- 

known 

36 

17 

Different  box,  different  mate 

57 

40 

54 

48 

Mate  still  alive 

10 

18 

Status  of  former  mate  un- 

known 

47 

36 

Totals 

143 

113 
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switched  mates  had  high  success  rates  prior  to 
switching.  Only  one  of  19  pairs  that  switched 
mates  had  been  unsuccessful  in  the  year  be¬ 
fore  they  switched  mates.  Pairs  that  nested 
successfully  were  as  likely  to  switch  mates  as 
pairs  that  failed.  Only  one  of  three  unsuccess¬ 
ful  pairs  (33%)  switched  mates  and  18  of  57 
successful  pairs  (32%)  switched  mates.  Kes¬ 
trels  switched  mates  as  frequently  after  their 
first  nesting  year  as  they  did  in  subsequent 
years.  Four  of  19  pairs  that  switched  mates 
had  nested  together  for  2  years  prior  to 
switching.  Three  males  and  two  females  that 
switched  mates  remained  paired  with  their 
new  mates  for  at  least  2  years.  We  recorded 
no  cases  where  pairs  that  switched  mates  re¬ 
united  in  later  years. 

Individuals  that  switched  mates  did  not  im¬ 
prove  their  nesting  success.  Nesting  success 
rates  of  individuals  in  the  year  after  mate¬ 
switching  (88%  for  17  males  and  93%  for  15 
females)  were  similar  to  their  success  rates 
prior  to  switching  (94%)  and  similar  to  suc¬ 
cess  rates  of  37  pairs  that  stayed  together 
(92%).  Most  individuals  continued  to  nest 
successfully  whether  they  switched  ( n  =  27) 
or  stayed  with  their  same  mate  ( n  =  64).  One 
male  and  one  female  improved  their  nesting 
success  after  switching,  but  two  males  and 
one  female  nested  unsuccessfully  after  switch¬ 
ing  mates.  Two  pairs  that  stayed  together  were 
successful  after  an  initial  failure,  and  three 
failed  after  an  initial  success. 

Mate  switching  was  not  related  to  individ¬ 
uals  finding  higher  quality  mates,  as  measured 
by  their  lifetime  reproduction  or  past  nesting 
experience.  Only  one  of  12  males  switched  to 
a  female  that  produced  more  young  in  her  life¬ 
time  than  his  previous  mate.  Only  38%  of  fe¬ 
males  (n  =  13)  switched  to  a  mate  that  ulti¬ 
mately  had  higher  known  lifetime  productivity 
than  their  previous  mates.  Most  kestrels 
switched  to  mates  with  less  nesting  experience 
than  their  prior  mates.  All  19  males  that 
switched  mates  subsequently  paired  with  fe¬ 
males  nesting  for  the  first  time.  Of  17  females 
with  known  mates  after  switching,  only  three 
paired  with  males  with  more  years  of  nesting 
experience  than  their  previous  mate;  1 1  fe¬ 
males  paired  with  males  nesting  for  the  first 
time;  four  paired  with  second-time  nesters, 
one  paired  with  a  third-time  nester,  and  one 


paired  with  a  male  in  his  fourth  year  of  nest¬ 
ing. 

DISCUSSION 

High  turnover  rates  at  American  Kestrel 
boxes  in  southwestern  Idaho  were  similar  to 
those  reported  for  Merlins  in  Saskatchewan 
(James  et  al.  1989)  and  Common  Kestrels  in 
Scotland  (Village  1990).  Bowman  et  al. 
(1987)  hypothesized  that  high  territory  turn¬ 
over  in  American  Kestrels  resulted  from  nest- 
site  limitation  and  high  adult  mortality.  Part 
of  the  high  turnover  in  southwestern  Idaho 
was  undoubtedly  due  to  mortality  and  emigra¬ 
tion,  but  turnover  also  was  caused  by  individ¬ 
uals  changing  boxes  within  the  study  area. 

Our  findings  of  low  site  fidelity  contrast 
with  early  reports  of  high  site  fidelity  in 
American  Kestrels  based  on  observations  of 
unmarked  individuals  (Smith  et  al.  1972,  Bal- 
gooyen  1976).  Seventy  percent  of  an  unre¬ 
ported  number  of  color-marked  kestrel  pairs 
in  Missouri  reportedly  used  the  same  territory 
in  successive  years,  and  62%  of  these  pairs 
used  the  same  nest  site  in  consecutive  years 
(Toland  and  Elder  1987).  However,  Hamer- 
strom  et  al.  (1973)  reported  that  kestrel  nest 
sites  in  Wisconsin  were  not  used  year  after 
year,  and  Bowman  et  al.  (1987)  suggested  that 
American  Kestrels  were  less  philopatric  than 
had  been  reported.  Kestrels  may  be  loosely 
philopatric,  returning  to  the  same  general  area 
but  not  the  same  site;  only  one  of  34  adult 
kestrels  that  returned  to  study  areas  in  Canada 
returned  to  the  same  nest  (Bowman  et  al. 
1987).  Forty-five  percent  of  42  females  in 
Pennsylvania  that  nested  in  multiple  years 
used  different  boxes  each  year  (Katzner  et  al. 
2005)  and,  in  Utah,  72%  of  31  kestrels  that 
did  not  disperse  from  the  study  area  dispersed 
from  their  original  breeding  home  range  to  a 
different  home  range  in  subsequent  years 
(Gonzalez  1986).  In  contrast  to  Common  Kes¬ 
trels  and  Merlins,  in  which  males  have  sig¬ 
nificantly  greater  site  fidelity  than  females 
(Village  1990,  Warkentin  et  al.  1991),  male 
and  female  American  Kestrels  had  similar  site 
fidelity  rates  both  in  our  study  and  in  Utah 
(Gonzalez  1986). 

Low  territory  fidelity  in  other  raptor  species 
has  been  associated  with  inexperienced  or  un¬ 
successful  nesters  moving  to  better  territories. 
Territory  changes  in  Black  Kites  were  asso- 
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dated  with  lack  of  breeding  success  in  the 
previous  year  (Forero  et  al.  1999),  and  Com¬ 
mon  Kestrels  were  more  likely  to  change  ter¬ 
ritories  after  their  nesting  attempts  had  failed 
(Village  1990).  American  Kestrels  that  re¬ 
turned  to  a  Utah  study  area  were  more  likely 
to  return  to  their  previous  nesting  sites  if  they 
had  been  successful  (Gonzalez  1986),  but  kes¬ 
trels  in  Wisconsin  were  unlikely  to  return  to 
previously  used  nest  boxes  even  when  they 
had  been  successful  (Hamerstrom  et  al.  1973). 
Box  fidelity  rates  of  successful  and  unsuc¬ 
cessful  nesters  were  similar  within  the  south¬ 
western  Idaho  study  area,  but  unsuccessful 
nesters  may  have  been  more  likely  to  disperse 
outside  our  study  area  (Haas  1998). 

Increased  site  fidelity  with  increasing  age  or 
experience  has  been  reported  for  Eurasian 
Sparrowhawks  and  Common  Kestrels  (New¬ 
ton  and  Marquiss  1982,  Village  1990,  Newton 
and  Wyllie  1992,  Newton  1993).  Increasing 
site  fidelity  with  age  is  typical  for  long-lived 
birds;  short-lived  birds  and  birds  in  variable 
environments  are  more  likely  to  show  low  fi¬ 
delity  rates  throughout  their  lifetime  (Forsman 
et  al.  2002). 

Most  American  Kestrels  that  switched  box¬ 
es  in  Pennsylvania  moved  to  boxes  with  high¬ 
er  long-term  occupancy  rates,  and  kestrels  that 
did  not  switch  boxes  were  already  nesting  in 
boxes  with  above-average  occupancy  rates 
(Katzner  et  al.  2005).  However,  the  probability 
of  kestrels  changing  boxes  in  southwestern 
Idaho  was  unrelated  to  territory  quality,  as 
measured  by  long-term  box  occupancy  rates. 
This  suggests  either  that  territory  quality  does 
not  influence  site  fidelity  or  that  long-term  oc¬ 
cupancy  rates  do  not  accurately  reflect  terri¬ 
tory  quality  in  our  study  area.  Relative  quality 
of  territories  probably  varied  during  our  study 
due  to  temporal  differences  in  land  use  and 
weather.  Mean  winter  temperatures  increased 
and  at  least  two  droughts  occurred  during  the 
study  period.  Weather  and  changing  land  use 
patterns  resulted  in  a  variable  environment 
with  territory  quality  shifting  as  droughts  and 
human  development  affected  local  prey  avail¬ 
ability. 

Hamerstrom  et  al.  (1973)  speculated  that 
low  site  fidelity  by  American  Kestrels  may  be 
due  to  their  short  lifespan  and  the  ephemeral 
nature  of  their  natural  nest  sites.  Kestrels  that 
are  highly  philopatric  may  be  at  a  disadvan¬ 


tage  because  natural  nesting  cavities  tend  to 
be  short-lived  (<1.8  years  in  Quebec;  Bow¬ 
man  et  al.  1987).  Hypotheses  to  explain  low 
site  fidelity  in  other  cavity-nesting  species  in¬ 
volve  avoidance  of  ectoparasitism  (Mpller 
1989,  Stanback  and  Rockwell  2003)  or  nest 
predation  (Sonerud  1985,  Hakkarainen  et  al. 

2001) .  These  factors  may  have  been  important 
in  the  kestrel’s  evolutionary  history,  but  nei¬ 
ther  was  likely  an  important  proximate  factor 
in  our  study.  Nest  predation  rates  were  low 
and,  because  we  cleaned  boxes  each  spring, 
few,  if  any,  ectoparasites  survived  between 
years.  Higher  levels  of  nest  predation,  para¬ 
sitism,  and  nest-site  competition  may  discour¬ 
age  kestrels  from  re-using  nest  sites  in  con¬ 
secutive  years  in  other  areas.  Only  27%  of  12 
natural  cavities  used  by  American  Kestrels  in 
British  Columbia  were  used  by  kestrels  in 
subsequent  years  even  though  >90%  of  nat¬ 
ural  cavities  were  still  available  (Aitken  et  al. 

2002) .  Kestrels  that  nest  in  natural  cavities 
may  exhibit  patterns  different  from  those  nest¬ 
ing  in  boxes  (Mpller  1994).  Increased  parasit¬ 
ism  and  predation  in  natural  cavities  (Mpller 
1989,  1994)  may  result  in  even  lower  site  fi¬ 
delity  rates  than  we  observed. 

Productivity  of  kestrels  nesting  in  multiple 
boxes  was  similar  to  those  nesting  in  the  same 
box  in  multiple  years  as  also  reported  by 
Katzner  et  al.  (2005).  Individual  kestrels  that 
switched  boxes  did  not  improve  or  decrease 
their  subsequent  nesting  success,  and  subse¬ 
quent  nesting  success  was  independent  of  dis¬ 
tance  dispersed.  Similarly,  Eurasian  Sparrow- 
hawks  that  moved  did  not  have  better  success 
than  birds  that  stayed  at  the  same  nesting  ter¬ 
ritory  (Newton  and  Marquiss  1982).  In  con¬ 
trast,  reproductive  success  increased  after  dis¬ 
persal  in  the  larger  and  longer-lived  Black 
Kite  (Forero  et  al.  1999). 

Female  American  Kestrels,  like  Common 
Kestrels  (Village  1990),  Eurasian  Sparrow- 
hawks  (Newton  and  Marquiss  1982),  and 
Merlins  (James  et  al.  1989),  moved  farther  be¬ 
tween  successive  breeding  locations  than 
males.  These  findings  support  Greenwood's 
(1980)  resource  competition  hypothesis  that 
females  disperse  to  acquire  mates  and  males 
are  more  philopatric  to  increase  their  chances 
of  acquiring  a  territory  (Johnson  and  Gaines 
1990).  Male  kestrels  that  dispersed  short  dis¬ 
tances  within  the  study  area  may  have  contin- 
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ued  to  use  part  of  their  previous  home  range 
and  may  have  continued  to  use  familiar  for¬ 
aging  areas  (Newton  and  Marquiss  1982).  The 
presence  of  a  high  quality  nest  hole  in  a  ter¬ 
ritory  with  good  food  resources  may  be  es¬ 
pecially  important  in  promoting  site  fidelity  in 
male  cavity  nesters  (Korpimaki  1988,  1993). 
Dispersal  of  male  kestrels  may  be  related  to 
territory  quality,  whereas  that  of  females  may 
be  related  to  characteristics  of  the  mate,  as  in 
Merlins  (Wiklund  1996). 

Mean  distances  moved  between  successive 
breeding  locations  in  southwestern  Idaho  were 
similar  to  those  in  a  Utah  study  (2.2  km  for 
males  and  2.7  km  for  females;  Gonzalez 
1986).  The  artificial  density  and  distribution 
of  boxes,  and  the  finite  size  of  our  study  area 
probably  caused  us  to  underestimate  dispersal 
distances  because  birds  that  dispersed  outside 
of  the  study  area  were  unlikely  to  be  detected 
(Greenwood  and  Harvey  1982,  Van  Noordwik 
1984,  Koenig  et  al.  2000).  However,  a  review 
of  continent-wide  band  recoveries  indicated 
that  85%  of  male  and  71%  of  female  kestrels 
moved  <100  km  between  breeding  locations 
(Gonzalez  1986).  Short  breeding  dispersal  dis¬ 
tances  in  American  Kestrels  are  consistent 
with  the  findings  of  Paradis  et  al.  (1998)  that 
dispersal  distances  tend  to  be  small  in  abun¬ 
dant,  non-migratory  species  that  live  in  dry 
habitats  and  have  large  geographic  ranges. 

American  Kestrels  were  similar  to  Common 
Kestrels  (Village  1990)  and  Merlins  (Warken- 
tin  et  al.  1991)  in  that  mate  fidelity  was  related 
to  site  fidelity.  At  least  some  mate  changes 
were  a  consequence  of  moving  to  another  ter¬ 
ritory.  Until  now,  quantitative  information  on 
mate  fidelity  in  American  Kestrels  has  been 
lacking.  Smallwood  and  Bird  (2002)  reported 
that  pairs  remain  together  from  year  to  year 
as  long  as  both  live,  but  Bortolotti  and  Iko 
(1992)  reported  mate  retention  for  more  than 
one  breeding  season  was  rare  and  most  indi¬ 
viduals  acquired  new  mates  each  year  in  Sas¬ 
katchewan.  Our  study  documented  the  first 
confirmed  cases  of  American  Kestrels  switch¬ 
ing  mates  even  when  the  previous  mate  was 
still  alive  and  nesting  in  the  study  area.  Mate¬ 
switching  (or  “divorce”)  rates  in  southwest¬ 
ern  Idaho  (19/60  =  32%)  were  similar  to 
those  of  Common  Kestrels  in  Scotland  (6/20 
=  30%;  Village  1990),  but  lower  than  rates 
reported  for  Merlins  (13/19  =  68%;  Warken- 


tin  et  al.  1991).  Fidelity  to  mates  may  be  low¬ 
er  for  migratory  than  for  resident  populations. 
Male  Common  Kestrels  that  overwintered  on 
their  nesting  territories  increased  their  chances 
of  mating  with  the  same  female  in  the  follow¬ 
ing  year  (Village  1985),  but  migratory  and 
non-migratory  Merlins  had  similar  rates  of 
mate-switching  (Warkentin  et  al.  1991).  Kes¬ 
trels  were  similar  to  Merlins  (Warkentin  et  al. 
1991)  in  that  mate  switching  had  no  effect  on 
subsequent  nesting  success  and  productivity. 

Site  fidelity  is  advantageous  when  familiar¬ 
ity  with  the  environment  allows  birds  to  for¬ 
age  more  efficiently  (Newton  and  Marquiss 
1982).  However,  familiarity  with  the  environ¬ 
ment  is  not  as  useful  in  changing  environ¬ 
ments.  Most  models  predict  that  temporal  var¬ 
iation  in  environments  favors  dispersal, 
whereas  spatial  variation  discourages  it  (John¬ 
son  and  Gaines  1990).  Temporal  variation  in 
environmental  quality  was  the  most  important 
factor  affecting  breeding  dispersal  in  Boreal 
Owls  (Korpimaki  1993).  American  Kestrels 
likely  evolved  in  and  continue  to  inhabit  high¬ 
ly  variable  environments.  Selective  pressures 
for  site  fidelity  have  probably  been  low  for 
American  Kestrels,  both  in  the  long-  and 
short-term  due  to  year-to-year  variability  in 
nest  site  and  territory  quality.  Low  mate  and 
site  fidelity  can  be  typical  of  short-lived  spe¬ 
cies  living  in  areas  characterized  by  habitat 
change  and  instability  (Choudhury  1995).  Site 
and  mate  fidelity  were  low  for  Merlin,  a  sim¬ 
ilar,  short-lived  related  species  (Warkentin  et 
al.  1991).  The  costs  of  switching  boxes  and 
mates  were  low  for  American  Kestrels  in  con¬ 
trast  to  many  other  species,  and  there  were  no 
obvious  benefits  to  fidelity.  The  cost  of  “wait¬ 
ing”  for  a  previous  mate  that  might  have  died 
could  be  high  in  species  with  high  annual 
mortality. 
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EVALUATING  AVIAN  COMMUNITY  DYNAMICS  IN  RESTORED 
RIPARIAN  HABITATS  WITH  MARK-RECAPTURE  MODELS 

T.  N.  JOHNSON,17  R.  D.  APPLEGATE,23  D.  E.  HOOVER,43 
P.  S.  GIPSON,46  AND  B.  K.  SANDERCOCK1 2 3 4 5 6 7 

ABSTRACT. — Estimates  of  community  attributes  such  as  species  richness,  local  extinction,  and  turnover  are 
critical  when  evaluating  ecological  restoration  efforts.  Estimates  of  species  richness  based  on  counts  can  be 
biased  by  variation  in  the  probability  of  detection  among  different  species.  We  quantified  the  effects  of  livestock 
exclusion  on  riparian  bird  communities  using  mark-recapture  models  to  account  for  variation  in  species  detection 
rates.  Specifically,  we  estimated  species  richness  and  other  community  parameters  for  fenced  and  grazed  sites 
with  robust  design  models  where  closed-captures  were  treated  as  mixtures,  and  then  used  transition  rates  to 
calculate  derived  vital  rates  for  avian  communities.  Estimates  of  species  richness  based  on  unadjusted  counts 
were  correlated  with  estimates  from  robust  design  models,  but  counts  failed  to  detect  important  temporal  changes 
in  species  richness.  Estimates  of  species  richness  from  robust  design  models  increased  at  fenced  and  grazed  sites 
over  an  8-year  period,  but  community  vital  rates  were  unaffected  by  cattle  exclusion.  We  examined  qualitative 
changes  in  abundance  of  birds  in  four  nesting  guilds,  and  concluded  that  temporal  changes  may  have  been 
driven  by  regional  dynamics  in  avian  communities.  Our  mark-recapture  analysis  allowed  us  to  compare  stan¬ 
dardized  estimates  of  community  parameters  between  habitats,  observers,  and  time  periods  after  accounting  for 
variation  in  detection  rates.  Robust  design  models  are  a  useful  tool  that  will  facilitate  accurate  assessments  of 
community  dynamics  following  future  restoration  efforts.  Received  12  March  2007.  Accepted  29  June  2008. 


Community  attributes  such  as  species  rich¬ 
ness,  rates  of  local  extinction  and  coloniza¬ 
tion,  and  community  turnover  are  often  used 
as  metrics  to  evaluate  the  condition  of  natural 
systems  (Nichols  et  al.  1998,  McCoy  and  Mu- 
shinsky  2002).  Community  dynamics  can  be 
useful  for  examining  spatio-temporal  changes 
in  species  distributions,  drivers  of  biodiversity 
loss,  and  the  importance  of  regional  versus  lo¬ 
cal  processes  in  maintaining  species  richness 
and  evenness  (Griffiths  1997,  Adler  and 
Lauenroth  2003,  Hansen  et  al.  2005).  Knowl¬ 
edge  of  community  dynamics  is  also  impor¬ 
tant  in  evaluating  the  effects  of  land  use  prac¬ 
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tices  and  habitat  fragmentation  on  biodiver¬ 
sity,  as  well  as  the  potential  benefits  of  habitat 
remediation  and  ecological  restoration  (Balm- 
ford  and  Bond  2005).  Conservation  efforts  for 
rare  or  declining  species  often  rely  on  habitat 
restoration  as  a  means  of  reversing  or  miti¬ 
gating  negative  population  trends,  and  im¬ 
provements  in  habitat  quality  or  increased 
connectivity  among  habitat  patches  are  ex¬ 
pected  to  increase  the  probability  of  persis¬ 
tence  for  animal  populations  (Schrott  et  al. 
2005).  Development  of  effective  methods  for 
evaluation  of  restoration  efforts  is  increasingly 
important  as  restoration  ecology  becomes  an 
integral  tool  for  wildlife  conservation  (McCoy 
and  Mushinsky  2002). 

Methodological  problems  can  result  in  mis¬ 
leading  conclusions  about  community  dynam¬ 
ics  if  inappropriate  methods  are  used  to  esti¬ 
mate  community-level  parameters.  Observed 
species  counts  are  often  used  to  describe  spe¬ 
cies  richness,  but  can  result  in  biased  esti¬ 
mates  due  to  variation  in  probability  of  detec¬ 
tion  among  species  (Nichols  et  al.  1998). 
Sampling  situations  where  detection  probabil¬ 
ities  of  species  are  <1  can  result  in  biased 
estimates  of  the  probabilities  of  extinction  and 
colonization  that  underestimate  rates  of  com¬ 
munity  turnover.  Two  methods  that  account 
for  variation  in  effort  and  probability  of  de- 
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tection  when  estimating  species  richness  in¬ 
clude  species  accumulation  curves  (Colwell 
and  Coddington  1994)  and  mark-recapture 
models  (Boulinier  et  al.  1998.  Nichols  et  al. 
1998,  Kery  and  Schmid  2004,  Wintle  et  al. 
2004). 

Detection  probabilities  of  different  species 
are  important  to  consider  when  evaluating  a 
newly-restored  community.  A  subset  of  spe¬ 
cies  may  be  rare  and  occur  at  low  abundance 
in  many  types  of  natural  and  restored  com¬ 
munities  (Howe  1999,  Maina  and  Howe 
2000).  Colonization  will  increase  species  rich¬ 
ness  in  recently  restored  habitats,  but  coloniz¬ 
ing  species  may  be  represented  by  only  a  few 
individuals.  Individuals  of  relatively  rare  spe¬ 
cies  will  have  lower  probabilities  of  detection 
than  abundant  species,  but  documenting  the 
occurrence  of  colonizing  species  is  important 
for  characterizing  changes  in  the  community 
and  evaluating  the  efficacy  of  restoration  or 
remediation  efforts.  Consequently,  robust  es¬ 
timation  of  parameters  that  account  for  differ¬ 
ences  in  detection  among  species  is  crucial 
when  evaluating  community  responses  to 
changes  in  land  use,  management,  or  habitat 
improvements. 

Assessment  of  animal  community  respons¬ 
es  to  riparian  habitat  restoration  is  a  current 
situation  in  which  sampling  issues  are  partic¬ 
ularly  relevant.  Riparian  habitats  typically 
support  more  animal  species  than  surrounding 
communities,  especially  those  adjacent  to 
grassland  or  agricultural  lands  (Kauffman  and 
Krueger  1984,  Brand  et  al.  2008).  Riparian 
zones  are  important  as  breeding  and  wintering 
sites  for  bird  communities,  and  as  stopover 
sites  for  migratory  birds  in  arid  or  semi-arid 
regions  (Knopf  and  Samson  1994,  Skagen  et 
al.  1998,  McComb  et  al.  2005).  However,  ex¬ 
posure  of  riparian  habitats  to  livestock  grazing 
can  result  in  species-poor  communities  if  cat¬ 
tle  negatively  impact  plant  community  struc¬ 
ture,  water  quality,  and  other  site  characteris¬ 
tics.  Exclusion  of  livestock  from  riparian  hab¬ 
itats  is  one  method  of  habitat  restoration  in  the 
Great  Plains  region  of  the  United  States.  Un¬ 
grazed  riparian  zones  tend  to  have  a  much 
higher  volume  of  vegetation  than  the  sur¬ 
rounding  landscape.  Several  characteristics  of 
undisturbed  riparian  habitats,  including  the 
extent  of  visual  obstruction  and  number  of 
bird  species  relative  to  the  surrounding  land¬ 


scape,  may  influence  probabilities  of  detection 
for  the  avian  community.  Differences  in  hab¬ 
itat  structure  can  potentially  result  in  biased 
estimators  of  community  attributes  if  restored 
and  reference  sites  are  compared  to  assess 
whether  restoration  goals  have  been  achieved. 

We  evaluated  bird  community  dynamics  in 
response  to  livestock  exclusion  with  a  mark- 
recapture  approach.  Robust  design  models 
combine  open  and  closed  population  estima¬ 
tors,  and  have  usually  been  applied  to  animal 
populations  (Kendall  et  al.  1997,  Sandercock 
2006).  We  used  robust  design  models  to  esti¬ 
mate  community-level  parameters,  an  ap¬ 
proach  adopted  by  at  least  three  other  bird 
monitoring  programs,  including  the  North 
American  Breeding  Bird  Survey,  Swiss  Avian 
Monitoring  Program,  and  the  French  Breeding 
Bird  Survey  (Boulinier  et  al.  1998,  Kery  and 
Schmid  2004,  Jiguet  et  al.  2005).  One  issue 
that  can  arise  in  applications  of  closed  popu¬ 
lation  models  is  that  abundance  may  not  be 
identifiable  if  detection  probabilities  are  het¬ 
erogeneous  (Link  2003),  but  a  solution  is  to 
model  closed  captures  as  mixtures  where  de¬ 
tection  rates  differ  among  subsets  of  species 
in  the  community  (Pledger  2000).  Our  objec¬ 
tives  were  to:  (1)  use  robust  design  models 
where  closed-captures  were  treated  as  mix¬ 
tures  to  obtain  quantitative  estimates  of  spe¬ 
cies  richness  that  accounted  for  variation  and 
heterogeneity  in  detection  probabilities  among 
species  and  habitats;  (2)  evaluate  bird  com¬ 
munity  dynamics  by  estimating  the  probabil¬ 
ities  of  local  extinction  and  turnover,  the  num¬ 
ber  of  colonizing  species,  and  rates  of  change 
in  species  richness;  (3)  compare  changes  in 
species  richness  within  grazed  and  restored  ri¬ 
parian  sites  over  time;  and  (4)  use  qualitative 
methods  to  examine  if  changes  in  avian  nest¬ 
ing  guilds  occurred  in  response  to  livestock 
exclusion. 

METHODS 

Study  Area  and  Data  Collection. — We  con¬ 
ducted  this  study  in  1996-1997  and  2004- 
2005  at  the  Kansas  Army  Ammunition  Plant 
(KSAAP),  a  5,555-ha  military  installation  in 
Labette  County,  southeast  Kansas  (37°  18'  N, 
95°  10'  W).  The  field  site  was  historically  tail- 
grass  prairie  dominated  by  big  bluestem  ( An - 
dropogon  gerardii ),  little  bluestem  ( Schiza - 
chyrium  scoparium ),  switchgrass  ( Panicum 
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virgatum),  and  Indian  grass  ( Sorghastrum  nu¬ 
tans)  in  upland  sites,  and  riparian  woodland 
along  creeks  and  river  valleys  (Eifler  et  al. 
1995).  Most  of  KSAAP  is  leased  for  livestock 
grazing  allotments.  Allotments  at  KSAAP  ri¬ 
parian  sites  were  grazed  by  cattle  year-round 
at  stocking  rates  of  1.2  ha/animal  unit  prior  to 
our  study,  and  were  reduced  to  2.2  ha/animal 
unit  in  1995  (C.  D.  Deurmyer,  pers.  comm.). 

No  attempt  was  made  to  manage  upland 
habitats  separately  from  riparian  habitats  at 
KSAAP  before  1995,  resulting  in  the  contin¬ 
ued  presence  and  grazing  by  cattle  in  riparian 
sites.  Fences  were  erected  in  March  1996 
around  three  riparian  sites  to  permanently  ex¬ 
clude  cattle  (hereafter,  fenced  sites),  and  three 
grazed  riparian  sites  were  paired  with  the 
three  fenced  sites  to  serve  as  reference  sites 
(hereafter,  grazed  sites).  Fenced  sites  ranged 
from  5.7  to  1 1 .2  ha  in  size  ( n  =  3),  and  grazed 
sites  ranged  from  6.5  to  11.8  ha  in  size  ( n  = 
3).  Each  grazed  site  was  adjacent  to  its  paired 
fenced  site  to  minimize  differences  in  land¬ 
scape-level  characteristics  such  as  adjacent 
land  use  and  topography.  Grazed  sites  were 
downstream  from  paired  fenced  sites  to  min¬ 
imize  possible  effects  of  run-off  from  grazing 
areas.  Fenced  and  grazed  sites  had  similar 
habitat  width,  stream  length,  and  percent  slope 
when  cattle  were  permanently  excluded.  Du¬ 
ration  of  grazing  in  the  10-year  period  of 
1996-2005  varied  slightly  among  replicate 
plots.  Replicate  plots  one  through  three  were 
grazed  10,  8,  and  9  years,  respectively. 

A  single  observer  (D.  E.  Hoover)  conducted 
10-min  biweekly  fixed-radius  point  counts  at 
fenced  and  grazed  sites  in  1996-97  (Hoover 
1 997).  Counts  were  conducted  between  dawn 
and  1000  hrs  CST  from  mid-May  to  mid-July 
to  survey  the  breeding  bird  communities,  and 
each  site  was  visited  four  times  throughout  the 
season.  Surveys  were  not  conducted  in  rain  or 
if  wind  speed  was  >16  kph.  Survey  points 
were  within  15  m  of  the  stream  bank  and  were 
set  at  150-m  intervals  along  the  stream.  The 
last  point  in  the  fenced  site  and  the  first  point 
in  the  grazed  site  were  at  least  300  m  apart. 
Each  study  site  included  three  to  five  point 
count  stations  depending  on  size  of  the  site. 
The  observer  recorded  all  birds  seen  or  heard 
within  50  m  of  each  survey  point.  Species  en¬ 
countered  while  the  observer  moved  between 
points  were  recorded  only  if  they  were  mem¬ 


bers  of  a  species  not  previously  encountered. 
A  second  observer  (T.  N.  Johnson)  followed 
the  same  protocols  in  2004-2005  and  con¬ 
ducted  point  counts  two  and  three  times,  re¬ 
spectively,  at  the  same  study  sites  (Johnson 
2006).  We  adjusted  survey  points  to  200-m 
intervals  in  2004-05  to  ensure  independence 
among  survey  points,  but  six  of  the  survey 
points  were  used  during  both  sampling  peri¬ 
ods. 

A  sampling  design  that  included  randomi¬ 
zation  of  observers  among  time  periods  dur¬ 
ing  the  study  would  have  minimized  potential 
observer  bias.  This  design  was  not  possible 
because  the  original  observer  was  not  avail¬ 
able  to  repeat  surveys.  Using  the  same  ob¬ 
server  may  have  been  an  advantage,  but  was 
not  essential  because  we  estimated  period-spe¬ 
cific  probabilities  of  detection  in  our  analysis. 
We  expected  that  changes  in  detection  prob¬ 
ability  would  coincide  with  a  change  in  ob¬ 
server  between  1996-97  and  2004-05,  if  ob¬ 
server  effects  were  relevant. 

We  were  interested  in  quantifying  commu¬ 
nity  dynamics  of  forest  birds  using  riparian 
study  sites  for  breeding.  We  included  avian 
species  that  met  either  of  the  following  crite¬ 
ria:  birds  listed  as  breeding  species  within  a 
10-county  region  of  southeast  Kansas  by  the 
Kansas  Breeding  Bird  Atlas  (Busby  and  Zim¬ 
merman  2001),  and  species  recorded  on 
Breeding  Bird  Survey  routes  within  the  same 
region  (2001-2005;  Sauer  et  al.  2005).  We 
discarded  records  of  migratory  species  not 
known  to  breed  in  southeast  Kansas,  including 
Mourning  Warblers  ( Oporornis  Philadelphia) 
and  Song  Sparrows  (Melospiza  melodia);  spe¬ 
cies  only  observed  above  the  riparian  canopy, 
including  Turkey  Vultures  ( Cathartes  aura) 
and  Chimney  Swifts  ( Chaetura  pelagica)\  and 
transient  waterfowl,  including  Canada  Geese 
( Branta  canadensis). 

Statistical  Analyses. — Robust  design  mod¬ 
els  are  based  on  primary  sampling  occasions 
that  are  subdivided  into  secondary  sampling 
occasions  (Pollock  1982,  Kendall  et  al.  1997). 
The  avian  community  at  fenced  and  grazed 
sites  was  assumed  to  be  open  to  changes  in 
composition  among  different  years,  but  closed 
to  changes  within  a  single  breeding  season. 
Annual  breeding  seasons  were  the  primary 
sampling  occasions  and  repeated  visits  to  each 
site  within  a  breeding  season  were  the  sec- 


Johnson  et  al.  •  RIPARIAN  BIRDS  AND  MARK-RECAPTURE  MODELS 


25 


ondary  sampling  occasions.  Lack  of  closure 
among  secondary  sampling  occasions  was 
possible  but  our  surveys  were  timed  to  coin¬ 
cide  with  the  peak  of  the  breeding  season,  and 
most  species  should  have  been  available  for 
detection  during  all  of  our  point  counts.  Our 
study  included  four  primary  sampling  occa¬ 
sions  and  two  to  four  secondary  sampling  oc¬ 
casions  per  primary  occasion  (1996—1997:  4 
each,  2004:  2,  and  2005:  3).  Parameter  esti¬ 
mation  could  have  been  aided  by  additional 
secondary  occasions  per  year.  However,  data 
from  1996-1997  were  analyzed  retrospective¬ 
ly,  and  the  number  of  surveys  conducted  in 
2004-2005  were  constrained  by  climatic  con¬ 
ditions  and  sampling  effort  for  other  projects 
(Johnson  2006).  Inclusion  of  multiple  second¬ 
ary  occasions  in  every  year  of  our  study  al¬ 
lowed  us  to  model  variation  and  heterogeneity 
in  probability  of  detection. 

Robust  design  mark-recapture  models  are 
typically  applied  to  encounter  histories  of  in¬ 
dividuals  to  examine  population  dynamics. 
We  used  robust  design  models  to  examine 
community  dynamics  based  on  detection  rec¬ 
ords  for  different  species  of  landbirds  encoun¬ 
tered  during  visits  to  the  study  plots  (Brose  et 
al.  2003,  Kery  and  Schmid  2004).  We  created 
encounter  histories  separately  for  each  species 
and  study  site  for  the  entire  sampling  period 
of  1996  to  2005.  Detections  were  pooled  from 
all  point  count  stations  within  a  site  per  sam¬ 
pling  occasion.  Thus,  each  encounter  history 
contained  detections  of  a  species  during  13 
visits  to  a  study  site  during  the  period  1996- 
2005,  where  detections  and  non-detections 
were  coded  as  1  and  0,  respectively  (Appen¬ 
dix). 

We  initially  used  full  heterogeneity  models 
to  analyze  our  data  because  heterogeneity  in 
the  probability  of  detection  is  a  common  fea¬ 
ture  of  data  from  community  studies  of  ter¬ 
restrial  vertebrates,  including  breeding  bird 
surveys  (McShea  and  Rappole  1997,  Bouli- 
nier  et  al.  1998,  Herzog  et  al.  2002,  Selmi  and 
Boulinier  2003,  Bailey  et  al.  2004,  Brand  et 
al.  2008).  Full  heterogeneity  models  estimate 
seven  types  of  parameters  in  community  stud¬ 
ies.  Our  main  interest  was  in  estimation  of 
species  richness  ( N)  and  local  persistence  of 
species  (cf>).  The  models  also  include  five  ad¬ 
ditional  parameters:  probability  of  emigration 
(7"),  probability  of  immigration  (7'),  the  pro¬ 


portion  (mixture)  of  the  community  with  a 
particular  detection  probability  (rr),  initial  de¬ 
tection  probabilities  for  mixtures  within  the 
community  with  high  and  low  detection  rates 
(p„  and  p  and  subsequent  detection  prob¬ 
abilities  for  each  mixture  (c„  and  The 

global  model  for  full  heterogeneity  model 
types  (Mtbh,  after  Otis  et  al.  1978)  allows  var¬ 
iation  in  each  parameter  estimate  over  time  (t) 
with  behavioral  responses  to  detection  (b) 
caused  by  changes  in  detection  probability  af¬ 
ter  the  initial  detection  of  a  species,  and  het¬ 
erogeneity  of  detection  among  species  (h).  We 
found  that  all  parameters  for  these  models 
consistently  collapsed  into  estimates  that  were 
constant  for  time  and  behavioral  response  to 
detection  (results  not  shown).  Large  standard 
errors  for  several  parameters  also  indicated 
that  model  Mtbh  was  over-parameterized.  Thus, 
we  opted  to  start  with  a  global  model  that  in¬ 
cluded  only  time  and  heterogeneity  in  detec¬ 
tion  (Mth);  the  probability  of  subsequent  de¬ 
tection  (c)  was  not  estimated. 

We  used  robust  design  models  where  closed 
captures  were  modeled  as  mixtures  to  com¬ 
pute  parameter  estimates  separately  for  all  six 
replicate  study  plots  in  Program  MARK 
(White  and  Burnham  1999,  Pledger  2000). 
Robust  design  models  were  applied  to  en¬ 
counter  histories  per  species  and  used  to  es¬ 
timate  six  community-level  parameters  (Table 
1).  Next,  we  used  parameter  estimates  of  N 
and  <f>  to  calculate  four  derived  vital  rates  for 
avian  communities  (Nichols  et  al.  1998). 

(1)  The  probability  of  local  extinction  ( E ) 
was: 

E  =  1  -  4>y 

where  4>;)  is  the  probability  of  a  species  per¬ 
sisting  from  time  i  to  time  j,  and  time  i  <  time 
j.  Estimates  of  local  extinction  were  limited  to 
the  duration  of  our  study  period  and  subse¬ 
quent  recolonization  would  be  possible. 

(2)  The  probability  of  turnover  among  lo¬ 
cal  species  (7j  was  the  probability  that  a  new 
species  entered  the  community  between  time 
i  and  time  j: 

T  =  1  -  4l 

where  4^  is  estimated  by  reverse-time  mod¬ 
eling  of  the  encounter  histories.  An  estimate 
of  one  indicates  that  all  species  present  in  time 
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TABLE  1.  Estimated  and  derived  community  parameters  calculated  by  application  of  robust  design  closed- 
capture  mixture  models  to  encounter  histories  for  individual  species  in  avian  communities. 


Community  parameter 


Symbol 


Definition 


Estimated  parameters 

Local  persistence 

<t> 

Probability  that  a  species  is  present  from  time  i  to  time  / 

Temporary  emigration 

y" 

Probability  that  a  species  is  present  at  time  i  but  absent  at  time  j 

Immigration 

y' 

Probability  that  a  species  is  absent  at  time  i  and  remains  absent  at 
time  j 

Mixture 

7T 

Proportion  of  community  with  a  high  detection  rate 

High  detection 

Pt, 

Probability  of  detection  for  the  high  detection  group 

Low  detection 

Pi-„ 

Probability  of  detection  for  the  low  detection  group 

Species  richness 

N 

Number  of  species  corrected  for  the  probability  of  detection 

Derived  parameters 

Local  extinction 

E 

Probability  of  local  extinction  of  a  species  from  time  i  to  time  j 

Local  turnover 

T 

Probability  of  local  turnover  that  a  new  species  is  present  at  time  j 
but  not  time  i 

Number  of  colonizers 

B 

Number  of  new  colonizing  species  present  at  time  j  but  not  time  i 

Rate  of  change 

\ 

Finite  rate  of  change  in  species  richness  between  time  i  to  time  j 

a  Time  i  to  time  j  represents  intervals  among  primary  sampling  periods. 


j  are  new  species  in  the  community  that  were 
not  present  at  time  i. 

(3)  The  number  of  local  colonizers  (B0) 
was  the  number  of  species  present  at  time  j 
but  not  at  time  i: 

B,  =  Nj  -  fyijN, 

where  TV,  and  Nj  are  the  estimated  number  of 
species  at  times  i  and  j,  and  is  the  proba¬ 
bility  of  local  species  persistence. 

(4)  The  finite  rate  of  change  in  species 
richness  (X.)  between  time  i  and  time  j  was: 


where  Nr  and  Nj  are  estimates  of  species  rich¬ 
ness  at  times  i  and  j,  respectively.  Each  of  the 
four  derived  vital  rates  was  calculated  for  the 
8-year  interval  between  the  1996-97  and  the 
2004-05  sampling  occasions. 

We  considered  12  candidate  models  to  es¬ 
timate  community  parameters.  Candidate 
models  included  Mh  (heterogeneity  in  detec¬ 
tion)  as  suggested  by  Otis  et  al.  (1978)  and 
Boulinier  et  al.  (1998),  and  M0  (all  parameters 
constant),  as  well  as  10  different  permutations 
of  these  models  where  one  parameter  was 
modeled  as  a  function  of  time,  while  other 
parameter(s)  in  the  same  model  were  held 
constant.  We  allowed  each  parameter  to  vary 
over  time,  or  remain  constant  within  a  subset 
of  the  community  (proportion  of  the  commu¬ 


nity  with  a  high  or  low  detection  probability), 
across  subsets,  within  a  sampling  period,  or 
across  all  sampling  periods  for  the  most  sim¬ 
plified  model  M0  (Table  2).  We  also  examined 
a  reduced  two-period  model  which  allowed  N 
to  vary  between  1996-97  (first  period)  and 
2004-05  (second  period)  (Kendall  et  al. 
1997).  The  two-period  model  yielded  esti¬ 
mates  of  species  richness  for  comparison  to 
uncorrected  counts  to  examine  whether  im¬ 
perfect  detection  would  affect  our  conclusions 
regarding  the  restoration  of  riparian  bird  com¬ 
munities. 

Goodness-of-fit  tests  are  not  available  for 
robust  design  models  in  Program  MARK.  We 
adjusted  the  variance  inflation  factor  from  c 
=  1  (no  overdispersion)  to  10  (high  overdis¬ 
persion)  by  increments  of  0.5  to  evaluate  the 
potential  effects  of  overdispersion.  Changes  in 
model  rankings  were  used  to  evaluate  the  sen¬ 
sitivity  of  our  model  conclusions.  Model  fit 
was  calculated  with  Akaike’s  Information  Cri¬ 
terion  values  corrected  for  small  sample  sizes 
(AICc).  Model  selection  was  based  on  differ¬ 
ences  in  A!Cr  values  (AAICc)  relative  to  the 
minimum  AICc  model,  where  AAICc  values 
£2  were  considered  parsimonious  (Burnham 
and  Anderson  2002).  The  relative  strength  of 
support  for  each  model  was  calculated  by  the 
ratio  of  Akaike  weights  (w,/w,). 

We  tested  for  statistical  significance  be¬ 
tween  parameter  estimates  for  fenced  and 
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TABLE  2.  Differences  in  corrected  Akaike  Information  Criterion  values  (AAICc)  for  robust  design  closed- 
capture  mixture  models  fit  to  encounter  histories  for  riparian  bird  communities  in  southeast  Kansas,  1996-1997 
to  2004-2005. 

Model  structure3 

Replicate  1 

Replicate  2 

Replicate  3 

4> 

IT 

Y' 

V 

p 

N 

K 

Fenced 

Grazed 

Fenced 

Grazed 

Fenced 

Grazed 

c 

c 

random 

mix 

C 

6 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 

c 

c 

random 

mix 

period 

7 

0.2 

0.1 

0.0 

1.4 

0.5 

0.5 

c 

t 

t 

t 

mix 

t 

16 

29.1 

14.7 

13.0 

8.2 

13.7 

26.3 

c 

t 

t 

t 

c 

t 

15 

51.7 

21.8 

29.1 

31.8 

40.3 

45.3 

c 

c 

random 

mix 

t 

9 

4.3 

3.9 

4.0 

2.5 

3.5 

4.4 

c 

c 

c 

c 

mix 

c 

7 

1.6 

2.2 

2.3 

2.2 

2.2 

1.9 

c 

c 

c 

c 

mix 

t 

10 

5.9 

6.2 

5.9 

4.8 

5.7 

6.4 

c 

c 

c 

c 

t 

t 

16 

20.1 

16.0 

16.0 

5.4 

4.3 

11.4 

c 

c 

c 

t 

t 

t 

17 

19.3 

17.4 

17.5 

7.8 

5.0 

13.6 

c 

c 

t 

t 

t 

t 

19 

25.9 

21.2 

19.6 

13.2 

8.8 

18.4 

c 

t 

t 

t 

t 

t 

22 

34.7 

28.8 

26.3 

18.3 

15.9 

28.2 

t 

t 

t 

t 

t 

t 

24 

36.9 

34.5 

31.8 

38.8 

21.2 

31.7 

a  Model  structure  for  the  six  parameters  included:  c  =  constant,  mix  =  a  mixture  of  detection  probabilities  for  two  groups  within  the  avian  community, 
period  =  separate  parameters  for  1996-97  and  2004-05,  random  =  random  temporary  emigration  with  y"  and  y'  set  to  be  equal,  and  t  =  time-dependent 
variation  among  primary  sampling  sessions.  A  AAICc  value  —  0  indicates  the  minimum-AICc  model. 


grazed  sites  using  Program  CONTRAST  (Ver¬ 
sion  2,  Hines  and  Sauer  1989).  All  other  sta¬ 
tistical  tests  were  performed  using  SAS  Sys¬ 
tem  (Version  8.01.  SAS  Institute  Inc.  2000) 
and  P-values  were  considered  significant  at  a 
<  0.05.  We  used  parametric  bootstrapping  in 
Program  MATLAB  (Version  6.1,  Mathworks 
2000)  to  obtain  estimates  of  variance  and 
make  statistical  comparisons  among  the  four 
derived  parameters  (E,  T,  B.  and  X.)  for  avian 
communities  at  fenced  and  grazed  sites.  We 
modeled  N  as  random  draws  from  a  normal 
distribution  and  $  as  draws  from  a  beta  dis¬ 
tribution  to  bound  draws  between  0  and  1.  Es¬ 
timates  of  variance  for  derived  parameters 
were  taken  directly  from  bootstrap  distribu¬ 
tions  (n  =  100,000  replicates).  We  calculated 
bias-corrected  95%  confidence  intervals  to 
compensate  for  slight  discrepancies  between 
the  estimates  of  derived  parameters  calculated 
with  the  above  formulae  and  the  means  of  the 
bootstrap  distributions.  Thus, 

bias-corrected  percentiles 
=  4>(2<t,^1[F]  ±  1.96) 

where  <I>  is  the  normal  cumulative  distribution, 
<t>!  is  the  inverse  normal  cumulative  distri¬ 
bution,  F  is  the  fraction  of  bootstrap  values 
smaller  than  the  value  from  the  community 
vital  rates,  and  1.96  is  the  critical  value  for 
the  95%  confidence  interval. 

Guild  Analysis. — We  assigned  bird  species 


to  one  of  four  guilds  based  on  habitats  pri¬ 
marily  used  for  nesting:  ground-nesters, 
shrub/low  foliage  nesters  (hereafter,  shrub- 
nesters),  sub-canopy/canopy  nesters  (hereaf¬ 
ter,  canopy-nesters),  and  cavity-nesters.  Birds 
were  assigned  to  guilds  using  the  species  ac¬ 
counts  of  Ehrlich  et  al.  (1988)  and  Martin 
(1995).  All  species  were  included  in  nesting 
guilds  except  Eastern  Phoebe  ( Sayornis  phoe- 
be)  and  Brown-headed  Cowbird  ( Molothrus 
ater).  We  excluded  phoebes  from  the  guild 
analysis  but  examined  changes  in  abundance 
of  Brown-headed  Cowbirds  between  fenced 
and  grazed  sites  because  cowbirds  are  closely 
associated  with  cattle  (Goguen  and  Mathews 
2001). 

We  were  unable  to  use  mark-recapture 
methods  to  examine  guild  dynamics  because 
the  number  of  species  per  guild  was  low.  We 
estimated  relative  abundance  of  riparian  birds 
instead.  The  mean  number  of  detections  per 
species  was  pooled  among  sampling  points 
within  a  site  and  we  used  the  maximum  num¬ 
ber  of  individuals  detected  during  a  given  vis¬ 
it.  We  averaged  across  sites  within  a  treatment 
to  ascertain  the  mean  number  of  detections 
within  a  treatment  for  each  year.  We  compared 
the  summed  responses  of  individuals  within 
each  guild  to  evaluate  differences  in  mean 
abundance  for  all  guilds  between  treatments 
and  to  test  for  year  by  treatment  interactions. 
We  used  a  mixed  effects  repeated  measures 
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Fenced  Grazed 

Treatment  and  Replicate  Plot 


FIG.  1 .  Estimates  of  species  richness  from  (A)  un¬ 
corrected  counts,  and  (B)  robust  design  closed-capture 
mixture  models  applied  to  encounter  data  for  riparian 
bird  communities  at  fenced  and  grazed  sites  in  south¬ 
east  Kansas,  1996-1997  to  2004-2005. 


analysis  of  variance  with  year  as  the  repeated 
variable.  Covariance  structure  for  measure¬ 
ments  among  time  periods  was  initially  un¬ 
known,  and  our  five  candidate  models  includ¬ 
ed:  compound  symmetry,  unstructured,  auto¬ 
regressive,  heterogeneous  autoregressive,  and 
autoregressive  moving  average.  We  calculated 
the  most  appropriate  model  covariance  struc¬ 
ture  and  improved  model  fit  by  comparing 
models  using  Akaike’s  Information  Criterion 
adjusted  for  small  sample  sizes  (AICc). 


RESULTS 

Counts  of  Species  Richness. — We  observed 
5 1  species  of  birds  in  riparian  habitats  during 
the  4  years  of  the  study;  43  species  at  fenced 
sites  and  44  species  at  grazed  sites.  Estimates 
of  species  richness  based  on  uncorrected 
counts  ranged  from  19.0  ±  0.6  (SE)  to  20.3 
±  2.3  species  per  year  in  fenced  sites  ( n  =  3) 
and  from  17.6  ±  1 .3  to  20.6  ±1.8  species  per 
year  in  grazed  sites  (n  =  3,  Fig.  1A).  Esti¬ 
mates  of  species  richness  based  on  uncorrect¬ 
ed  counts  were  not  different  between  treat¬ 
ments  in  1996-97  (x2,  =  0.4,  P  =  0.53)  or 
2004-05  (x2,  =  0.3,  P  =  0.58). 

Estimated  Species  Richness. — The  top  two 
models  for  each  study  site  had  the  same  model 
structure  for  all  six  parameters  (Table  2).  Five 
of  the  six  riparian  study  sites  had  the  same 
best-fit  model,  parameters  4>  and  tt  were  con¬ 
stant,  emigration  was  random  (y"  =  y '),p  was 
constant  within  the  high  and  low  detection 
groups,  and  species  richness  (N)  was  constant 
over  the  periods  1996-1997  and  2004-2005 
(hereafter,  7VC  model).  Replicate  #2  in  the 
fenced  treatment  had  a  different  best-fit  model 
than  the  other  five  sites,  but  differed  in  the 
model  structure  for  only  species  richness, 
which  differed  between  the  periods  1996- 
1997  and  2004-2005  (hereafter,  A/pcn()d  model). 
For  all  riparian  sites,  2-3  models  had  AAICc 
values  s2,  and  were  an  equally  parsimonious 
fit  to  the  data.  Rankings  of  the  subordinate 
models  varied  by  site  and  treatment.  Nc  re¬ 
mained  the  minimum-AICc  model  in  five  of 
six  plots  even  if  c  was  adjusted  up  to  a  value 
of  10.  /Vpt,riod  was  the  top-ranked  model  for  rep¬ 
licate  #2  in  the  fenced  treatment  but  Nc  be¬ 
came  the  minimum-AIC,  model  if  c  was  ad¬ 
justed  from  1  to  10. 

The  Aperiod  model  garnered  a  similar  amount 
of  support  as  the  Nc  model  in  all  six  sites  (Ta¬ 
ble  3)  and  ratios  of  Akaike  weights  for  the 


TABLE  3.  Akaike  weights  (w,)  for  the  top  four  models  that  had  >10%  of  the  support  among  all  of  the 
candidate  models. 


Replicate  1  Replicate  2  Replicate  3 


<J> 

TT 

7"  7' 

p 

N 

Fenced 

Grazed 

Fenced 

Grazed 

Fenced 

Grazed 

c 

c 

random 

mix 

C 

0.39 

0.40 

0.34 

0.43 

0.39 

0.43 

c 

c 

random 

mix 

period 

0.37 

0.39 

0.44 

0.21 

0.31 

0.33 

c 

c 

random 

mix 

t 

0.05 

0.06 

0.06 

0.12 

0.07 

0.05 

c 

c 

c  c 

mix 

c 

0.17 

0.13 

0.14 

0.15 

0.13 

0.17 
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two  models  were  close  to  one  (w;/w,  =  0.5  to 
1.3).  Thus,  we  report  parameter  estimates 
from  the  A?period  model  for  comparison  to  esti¬ 
mates  of  species  richness  based  on  counts.  Pa¬ 
rameter  estimates  and  associated  standard  er¬ 
ror  and  confidence  intervals  from  the  7Vperiod 
model  varied  among  sites  (Table  4).  Apparent 
species  persistence  was  consistently  high  (4> 
>  0.8),  but  tended  to  be  somewhat  lower  in 
grazed  sites.  Estimates  of  temporary  emigra¬ 
tion  were  low  across  all  sites  (y  -  0.03).  The 
proportion  of  each  community  with  a  high  de¬ 
tection  rate  varied  among  sites,  ranging  from 
■fr  =  0.53  to  0.79.  The  detection  probability 
for  the  high  detection  subset  of  the  community 
ranged  from  P^=  0.89  to  1.00,  whereas  detec¬ 
tion  probabilities  for  the  low  detection  group 
were  PX-^=  0.18  to  0.48.  We  detected  no  sig¬ 
nificant  differences  in  estimates  among  fenced 
and  grazed  site  for  any  of  the  five  transition 
parameters  for  avian  communities  (Table  4). 
Finally,  estimates  of  species  richness  correct¬ 
ed  for  detection  probabilities  were  not  differ¬ 
ent  between  treatments  in  1996-1997  (Fig. 
IB;  x2i  =  0.6,  P  =  0.44)  or  2004-05  (x2,  = 
0.3,  P  =  0.58). 

Derived  Parameters. — The  probability  of 
local  extinction  was  low  and  tended  to  be 
higher  in  grazed  ( E  =  0.07  to  0.14)  than 
fenced  sites  ( E  =  0.06  to  0.09)  from  1996  to 
2005,  but  site  differences  were  not  significant 
(Table  5).  Turnover  rates  {t=  0.11  to  0.19) 
were  not  different  between  fenced  and  grazed 
communities.  The  number  of  colonizers  was 
highest  in  one  of  the  three  fenced  riparian 
sites  {By  =  1 1 .9),  but  both  fenced  and  grazed 
sites  acquired  between  five  and  12  colonizers 
in  the  period  from  1996  to  2005.  The  rate  of 
change  in  species  richness  (X)  was  >1  for  all 
riparian  study  sites,  but  the  95%  confidence 
intervals  included  one  for  five  of  six  sites,  in¬ 
dicating  no  significant  difference  from  station- 
arity  for  all  but  one  riparian  bird  community 
at  our  study  site.  We  detected  no  differences 
in  the  rate  of  change  in  species  richness  be¬ 
tween  fenced  and  grazed  communities. 

Comparison  of  Estimates  of  Species  Rich¬ 
ness. — Estimates  of  species  richness  based  on 
uncorrected  counts  were  consistently  lower 
than  estimates  from  the  robust  design  mark- 
recapture  models  (Fig.  1),  both  in  1996-1997 
(0  to  34.5%  lower)  and  2004-2005  (9.7  to 
61.2%  lower).  Uncorrected  counts  and  esti¬ 


mated  values  of  species  richness  were  posi¬ 
tively  correlated  if  we  pooled  values  from  the 
two  sampling  periods  (r  =  0.62,  P  =  0.03,  n 
=  12).  Use  of  uncorrected  counts  as  an  index 
of  species  richness  would  have  missed  impor¬ 
tant  temporal  changes  in  avian  communities 
in  our  study  area.  Estimates  of  species  rich¬ 
ness  based  on  uncorrected  counts  were  slight¬ 
ly  higher  in  2004-2005  than  1996-1997  in 
two  of  three  fenced  sites  (Fig.  1A;  11%  and 
16%  higher)  and  in  one  of  three  grazed  sites 
(12%  higher),  but  the  difference  between  time 
periods  was  not  significant  overall  (x2i  =  0.7, 
P  =  0.39).  In  contrast,  estimates  of  N  from 
the  robust  design  models  indicated  that  spe¬ 
cies  richness  increased  markedly  between  the 
two  time  periods  (Fig.  IB).  Species  richness 
increased  at  both  fenced  (14  to  42%  increase) 
and  grazed  sites  (16  to  22%)  and  was  a  highly 
significant  temporal  change  (x2i  =  10.5,  P  = 
0.001). 

Guild  Responses. — Riparian  bird  commu¬ 
nities  included  species  in  four  nesting  guilds 
(Table  6).  The  shrub-  and  canopy-nesting 
guilds  were  the  most  diverse  components  of 
the  riparian  bird  communities,  each  consisting 
of  15  species.  Ground-nesters  were  the  least 
diverse  guild,  and  increased  in  species  rich¬ 
ness  from  two  to  four  species  between  1996- 
97  and  2004-2005.  The  two  colonizing  spe¬ 
cies  were  Black-and-white  Warbler  ( Mniotilta 
varia )  and  Kentucky  Warbler  {Oporornis  for- 
mosus).  The  shrub-nesting  guild  gained  three 
new  species:  Acadian  Flycatcher  {Empidonax 
virescens ),  Chipping  Sparrow  ( Spizella  pas- 
serina),  and  Dickcissel  {Spiza  americana). 
The  canopy  guild  gained  four  species  in  the 
interval  between  sampling  periods:  Fish  Crow 
{Corvus  ossifragus ),  Red-shouldered  Hawk 
( Buteo  lineatus),  Ruby-throated  Hummingbird 
{Archilochus  colubris),  and  Summer  Tanager 
{Piranga  rubra),  but  lost  two  species:  Balti¬ 
more  Oriole  ( Icterus  galbula)  and  Eastern 
Kingbird  {Tyrannus  tyrannus).  Finally,  the 
cavity-nesting  guild  gained  three  new  species: 
Northern  Flicker  {Colaptes  auratus),  Pileated 
Woodpecker  {Dryocopus  pileatus ),  and  Red¬ 
headed  Woodpecker  {Melanerpes  erythroce- 
phalus). 

Six  species  were  encountered  only  in 
fenced  sites,  and  four  of  the  six  species  were 
cavity-nesters.  Four  species  were  encountered 
only  in  grazed  sites,  and  three  of  the  four  spe- 


30 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  1,  March  2009 


I 

so 

O' 

On 


X 

3 

.2 

c3 

o- 

o 

T3 


3 

a 

c 

i 

a 

o 

U 


VI 

NO 

o 

,-H 

o 

Os 

NO 

CN 

Q-, 

o 

O 

O 

d 

>X 

o 

co 

NO 

Os 

o 

O 

<N 

CO 

o 

o 

d 

Os  00 

NO  (N 

NO  NO 

O  CO 

ON  Os 

no  r- 

On  ON 

co  co 

U 

o  o 

o  o 

o  o 

d  d 

d  d 

o  o 

o  o 

o  o 

0  0 

0  0 

O' 

r-  (N 

o  o 

On  in 

co  1— 

0  — ■ 

no  r- 

co  rj- 

00  00 

cn 

o  o 

o  o 

d  d 

d  d 

« 

o 

"E. 

NO  NO 

r-  r- 

co 

in  no 

o  o 

o  o 

0  0 

0  0 

W 

o  o 

o  o 

o  o 

d  d 

d  d 

+1 

+1  +1 

+1  +1 

+1  +1 

+1  +1 

+1  +1 

<® 

Tf  co 

o  o 

CO  On 

r-H 

00  0 

ON  ON 

in  in 

ON  On 

—<  <N 

o  o 

o  o 

d  d 

d  d 

— 

00 

00  o 

Tf  00 

On  On 

r-" 

00  00 

>n  in 

u 

o  o 

o  o 

o  o 

-H  — . 

d  d 

o  o 

o  o 

o  o 

0  0 

0  0 

Os 

os  in 

o  o 

NO 

On  O 

in  r- 

r-»  no 

n o  in 

ON 

co  co 

o  o 

o  o 

O 

d  d 

"q. 

NO 

00 

no  r- 

<N 

in  no 

o  o 

O 

o  o 

O 

0  0 

W 

o  o 

o  o 

o  o 

0  d 

d  d 

+1 

+1  +1 

+1  +1 

+1  +1 

+1  +1 

+1  +1 

<CD 

(N  *-H 

O  co 

On  On 

0  0 

00 

ON  00 

O 

r-  no 

q  q 

o  o 

o 

o  o 

d  d 

g 

ON  NO 

<u 

3 

<N  NO 

t= 

s 

ON 

s 

00 

Os  ON 

5-1 

00  ON 

a 

ON 

&( 

3"  NO 

u 

o  o 

—  o 

c 

o 

o  o 

3 

o 

i-H  d 

3 

d  d 

o  o 

o  o 

o  o 

u 

0  0 

C 

0  0 

IT) 

M  M 

■M  M 

o 

00 

00 

Os 

(N  —i 

o  o 

<u 

oo  in 

c 

^h  cn 

r-  r- 
o  o 

o 

T3 

in  <n 

o  o 

o 

(J 

co 

d  d 

.2 

— '  (N 

d  d 

X 

o 

0 

fj 

op 

o 

0 

'M 

"O 

0) 

TD 

D- 

<2 

3 

43 

00 

' — 

>n  no 

r" 

■5 

NO  »-H 

■3 

in  3" 

O 

On  —i 

Vi 

o  o 

<?~ 

i 

O  (N 

O 

O  -h 

W 

O 

o  o 

o  o 

> 

o  o 

O 

d  d 

O 

d  d 

C/3 

’o 

+1  +1 

co  no 

II 

>s 

cm 

cm 

+1 

«x> 

<L> 

CX 

Vi 

& 

+1  +1 

co  o 

’£ 

3 

+1  +1 

<N  co 

3 

#o 

+1  +1 

r'  on 

3 

O 

+1  +1 

00  CO 

cm 

On  oo 

o 

£ 

8 

r-  r- 

O 

2 

ON  00 

M 

<N  Tt 

O 

o  o 

.2 

o 

o  o 

d  d 

H 

d  d 

o 

3 

§ 

o 

o 

0 

TD 

a j 
•O 

M 

V) 

op 

£ 

cm 

O 

cm 

O 

cm 

O 

v- 

'  Vi 

<u 

c 

>s 

>s 

u 

M 

<D 

a 

T3  T3 

"O  *a 

o 

"O  T3 

•  M 

T3  T3 

"O  T3 

i 

<L)  <D 

O  N 

£ 

<D  1) 

O  N 

'£ 

<D  <L> 

O  N 

n 

<D  <D 

O  N 

<D  O 

O  N 

§ 

0- 

13 

o 

o 

J 

3  3 
<u  rfe 

ft  O 

o 

■a 

fl 

3 

C* 

3  3 
<D  rfe 

ft.  o 

c 

a 

o 

H 

cu 

c  3 

<D 

ft.  o 

3 

x 

O 

}H 

Oh 

3  3 
<D  rt 
ft,  O 

3 

X) 

0 

ct 

3  3 
<D  rt 
ft  O 

Johnson  el  al.  •  RIPARIAN  BIRDS  AND  MARK-RECAPTURE  MODELS 


in 

o 

o 

VI 

O' 

o 

f** 

ON 

<N 

ON 

r- 

00 

1 

Q, 

o 

o 

o 

o 

© 

o 

<N 

o 

r- 

ON 

in 

<N 

ON 

CN 

ON 

(sf* 

r- 

O 

o 

o 

X 

d 

o 

o 

o 

NO 

ON 

ON 

C/5 

3 

O  NO 

t-- 

3  ^ 

co  r- 

3 

cn  cn 

CM  <N 

<n 

P  ^ 

3 

u 

u 

o  o 

o  o 

d  o 
o  o 

<N  — < 

o  o 

oi  — ! 
o  o 

$ 

3 

in 

O' 

O  i-* 

in  co 

O  CM 

u 

o 

o  o 

— '  CO 

1 

O  00 

-3 

o 

o  o 

—  o 

3 

m 

o 

«2 

3 

CJ 

7L 

C/5 

<D 

G£ 

NO  NO 

n  no 

NO  3- 

'-g 

o  o 

o  o 

(N  CM 

'£ 

W 

o  o 

o  o 

in  in 

o  o 

i 

c/5 

+1 

+1  +1 

+1  +1 

+1  +1 

+1  +1 

£ 

«x> 

no  r- 

cn  i—i 

On  — ; 

<n  cm 

o 

o  o 

—  — 

o 

o  o 

d  o 

—  — 

T3 

H 

3 

3 

3 

*c 

3 

CM  3" 

r-  — 

r-* 

CM  3- 

a. 

CM  <n 

<N  CO 

in 

n 

u 

p- 

o  o 

o  o 

ON  — 

—  — 

u 

,o 

o  o 

o  o 

o  o 

o  o 

C/5 

in 

O' 

cn  On 

r-  o 

—  VO 

CM  CM 

U 

<u 

o  o 

o  — 

o 

1 

ON  CM 

O 

o  o 

o  o 

o  — ’ 

6 

0/ 

3 

3 

o 

a 

E. 

4) 

0i 

NO 

in  >n 

cn  oo 

c 

o  o 

o  o 

3  3 

—  o 

3 

UJ 

o  o 

o  o 

CM  CM 

o  o 

£ 

£ 

o 

00 

+1 

+1  +1 

+1  +1 

+  1  +1 

+1  +1 

<® 

ON  ON 

in  oo 

NO  3; 

NO  00 

o 

o  — 

—  —i 

—  rn 

g 

o  o 

o  o 

—  —i 

o 

d 

T5 

<D 

_3 

3 

o 

r-  on 

<N  CM 

t-h  CM 

cn  co 

NO  <N 
vd  i-h 

o  — 
oo  in 

3 

p< 

o  o 

o  d 

—  — 

o 

o  o 

o  o 

o  o 

o  o 

C/5 

o 

>n 

O' 

—  vo 

ON  o 

On  O 

oo  cn 

3 

o  o 

o 

vd  — < 

| 

NO  ON 

£ 

o  o 

o  o 

^  o  o 

•^3 

— 

V5 

1) 

<D 

C/5 

Vh 

u 

o 

■q. 

<ccT 

<D 

<u 

3 

0) 

g 

OS- 

<tq  in  no 

—  NO  NO 

C/5 

.2  o  >o 

■B  O'  “i 

cd 

w  o  o 

<P  o  o 

■C  °I  T 

3 

W 

£  o  o 

w  o  o 

8  VD  oi 

«  °  ° 

a- 

-a 

<v 

c/5 

+1 

<a? 

8  +1  +1 
Q-  3' 

.2  +1  +1 
o 

o  oo  On 

8*  +i  +i 

60  O  H 

•§  +'  +l 
"to 

> 

&  o  — 

Cl,  — ,  — ■ 

.£  in  no 

a.  —  (N 

C/5 

*C 

<D 

‘goo 

“  oo 

C-t— 

N 

3  ^  ^ 

Q 

3 

o 

3 

O 

— 

.2 

L-, 

<D 

3 

O 

00 

in 

W 

o 

c 

'g  ~a  t) 

> 

o 

3 

u  T3  TD 

o 

=4-, 

°  T3  'O 

3 

3 

x:  _ 

O  3  3 

|_J 

X  0)  <D 

3  0  0 

Lh  O  O 

a-  2  2 

CQ 

§ 

(U  o  N 

-*-*  O  N 

O  O  N 

P  O  N 

« 

—,3  3 

—  3  3 

X5  3  3 

O  c  3 

< 

H 

CL 

3  a)  rb 
o  CL,  0 
o 

3  o  rb 

o  ft.  O 
O 

| 

2  £  a 

3 

1  j 

J 

z 

Johnson  et  al.  •  RIPARIAN  BIRDS  AND  MARK-RECAPTURE  MODELS 


33 


co  O' 

o  O  oo  r- 

00 

co  o- 

00  O 

CO 

CO  VO 

CN  O  in  VO 

00 

CO  vo 

oo  o 

CO 

T3 

o  o 

dodo 

o 

o  o 

o  d 

d 

1 

+1  +1 

+1  +1  +1  +1 

+1 

+1  +1 

+1  +1 

+1 

o 

co  O' 

r-  o  o  r- 

co 

co  co 

o-  o 

O' 

CO  vO 

vq  o  o  vq 

cq 

co  co 

vq  o 

vC 

o  o 

id  — :  oi  d 

CN 

O  d 

CO  CN 

d 

o 

CO  CO  CO 

oo  o  r —  oo  co 

CO 

co  h  O  h  co 

in 

CO  CO  CO 

in  cn  vo  oo  cq 

CO 

co  vo  o  vo  >n 

— _ 

-o 

odd 

o  d  o  o  o 

o 

o  o  d  o  o 

— 

| 

+1  +1  +1 

+1  +1  +1  +1  +1 

+1 

+1  +1  +1  +1  +1 

+  1 

£ 

co  h-  co 

O  co  CO  h  co 

r- 

co  co 

h  o 

o 

CO  VO  CO 

o  cq  cq  vq  cq 

vq 

CO  CO 

D  vq  q 

q 

odd 

d  ro  d  cN  d 

CN 

O  CO  —  CN  — 

co 

co  oo  co  r-  co 

CO 

CO  CO 

CO  CO 

00 

cq  oo  cq  vq  cq 

CO 

CO  CO 

CO  CO 

00 

T3 

o  o  o  o  o 

o 

o  o 

o  o 

d 

S 

+1  +1  +1  +1  +1 

+1 

+1  +1 

+1  +1 

+1 

o 

co  t  co 

O' 

r-  r-~ 

o-  co 

O' 

'O  'O  co  vo  q 

vq 

vo  \q 

vq  cq 

vq 

o  d  oi  d  o 

d 

O  CN 

d  CN 

— 

■'t 

© 

co  O' 

CO  h  O  oo  CO 

o 

CO  CO  CO  CO 

ON  CO 

CO 

CO  VO 

co  vo  (N  in  cq 

o 

co  co  cn  cn 

—  cq 

CO 

■o 

o  o 

o  o  d  d  o 

o 

dodo 

oi  o 

o 

o 

+1  +1 

+1  +1  +1  +1  +1 

+1 

+1  +1  +1  +1 

+1  +1 

+1 

£ 

O'  o~ 

CO  CO  co  O  co 

o 

O'  co  co  co 

O'  O' 

O' 

VO  VO 

cq  cq  cq  C>  cq 

o 

vo  co  co  cq 

vq  vq 

VO 

o  o 

d  co  co  d  o 

r— 1 

o  o  o  <n 

in  d 

o 

oo  co  co  co 

CO 

O'  CO 

00 

in  co  co  co 

CO 

vO  CO 

00 

"O 

dodo 

o 

o 

o  o 

o 

N 

+1  +1  +1  +1 

+1 

+1 

+1  +1 

+1 

o 

O  h  co  CO 

O' 

o 

O'  O' 

CO 

O  vo  CO  CO 

vq 

o 

vq  vq 

cq 

dodo 

CN 

d 

co  d 

— 1 

r- 

ON 

co  oo  co  co 

00 

co  co 

CO 

CO 

co  >n  cq  cq 

in 

co  co 

CO 

CO 

T3 

dodo 

o 

o  o 

o  o 

o 

I 

+1  +1  +1  +1 

+1 

+l  +1 

+1  +1 

+1 

£ 

co  o  co  co 

o 

CO  CO 

CO  O 

O' 

cq  cq  cq  cq 

o 

cq  cq 

cq  o 

VO 

o  co  d  d 

CO 

o  co 

CO  d 

o 

CO 

00  CO  00 

00 

o 

00 

CO 

CO 

oo  co  >n 

in 

o 

in 

CO 

•o 

o 

dodo 

o 

d 

o 

o 

<u 

N 

+1 

+1  +1  +1  +1 

+1 

+  1 

+1 

+1 

O 

co 

O'  co  o  o 

o 

o 

o 

O' 

co 

vq  cq  o  o 

o 

o 

o 

vq 

o 

CN  d  CO  d 

d 

co 

d 

CN 

NO 

ON 

CO 

CO  CO  CO  h  h 

co 

CO 

o  co 

O' 

CO 

co  co  cq  vq  vq 

co 

CO 

O  CO 

vO 

•o 

o 

o  o  o  o  o 

o  o 

o 

d  o 

o 

c 

+1 

+1  +1  +1  +1  +1 

+1  +1 

+1 

+1  +1 

+1 

CO 

h  CO  CO  CO  h 

co  O 

r-~ 

O  CO 

O' 

CO 

vo  co  co  cq  vq 

cq  o 

vq 

o  cq 

vq 

o 

o  d  d  cn  o 

d  co 

d 

co  d 

’—l 

•g 

~o 

x 

su 

i-i 

<D 

X! 

Ih 

<D 

M 

<3  •§ 

T3 

Ih 

<D 

D 

C 

i 

T3 

<D  <d 

<D  M 

O 

3 

o 

OD  >, 

«-.  o 

<D  1) 

u,  x  a 

<d  o  "d 

o  3 

<U  X 

■a  5 

X 

£ 

o 

c 

3  ip; 

TD  O  _-4 

c  r-1 

^  Ih  U  O 

Q  (ii  Z 

u 

o 

U 

vd 

W 

Species 

|7H  D  tH 

X  bij  <d 
T3  S  3 
«  S  t; 

a  [2  ^ 

1  |  S 

>N  B  O 
X)  S  X 

*3 

o 

OU 

C 

<d 

3  U  l 

!  §  1 1 

_  c  c  c 

x  qp 
2  -8 

c  a 
8  o 

o  <d  a  o  .O  w  _« 

<D  X  -o  >  >:  3 
a  o  o  ^  >  o  £ 

~0  ‘X  o  ~n  C  1/5 

^  (11  (R  D  <D  _  1 

q 

c/: 

cd 

H 

3 

-a 

CD 

T3 

3 

<D 

X 

3 

d 

CQ 

c 

U  U  J-.  "Z  C/) 

a 

O 

u.  a) 

^■S  S  ^ 

•3  ^  <d  q 

■=  ss 

d  q  x 

CLh 

-a 

£ 

O 

< 

H 

C*  CO  >* 

'> 

3 

u 

cd  3  3  O  3 

CO  U  U  Q  u 

3  Vh 

w  a 

3  O  ■— :  (D 

IZiNOC 

<D  3  ^ 

c£  b*  > 

0 

c 

^H 

CQ 

£ 

34 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  1,  March  2009 


cies  were  in  the  canopy  guild.  Most  species 
occupied  both  fenced  and  grazed  sites  but  the 
number  of  individuals  per  guild  varied.  A  sub¬ 
set  of  species  within  each  guild  showed  pos¬ 
itive  responses  to  cattle  exclusion  and  were 
consistently  encountered  more  frequently  in 
fenced  sites.  Positive  responses  to  fencing 
were  found  in  four  species  of  cavity-nesters 
(27%  of  the  guild),  one  species  of  ground- 
nester  (25%),  two  shrub-nesters  (13%),  and 
one  canopy-nester  (0.7%).  Some  species  were 
encountered  more  frequently  in  grazed  sites, 
including  one  species  of  ground-nester  (25%), 
one  shrub-nester  (0.7%),  and  five  canopy- 
nesters  (33%). 

We  detected  no  significant  year  by  treat¬ 
ment  interactions  or  between-treatment  differ¬ 
ences  in  abundance  within  the  four  guilds. 
Mean  abundance  in  the  ground  nesting  guild 
did  not  differ  among  years  (x  =  0.0  to  2.3 
ground-nesters/site,  F34  =  6.16,  P  =  0.06). 
Mean  abundance  of  the  shrub-nesting  guild 
was  lower  in  both  fenced  and  grazed  sites  in 
2005  than  in  1996  ( x  =  13.0  to  21.3  shrub- 
nesters/site,  F3A  =  113.07,  P  <  0.001),  and 
the  difference  was  greater  in  the  grazed  sites, 
although  not  significantly.  Mean  abundance  in 
the  canopy  guild  differed  among  years  ( x  = 
4.3  to  9.0  canopy-nesters/site,  F3  l2  =  8.77,  P 
=  0.002),  which  was  driven  by  a  decrease  in 
abundance  in  both  fenced  and  grazed  study 
sites  between  1997  and  2004.  Mean  abun¬ 
dance  of  the  cavity-nesting  guild  in  fenced 
and  grazed  sites  was  higher  in  2005  than  all 
other  years  of  the  study  (x=  16.0  to  23.3  cav- 
ity-nesters/site,  Fxn  =  3.39,  P  =  0.05).  We 
detected  a  year  by  treatment  interaction  effect 
for  Brown-headed  Cowbird  abundance  (x  = 
0.3  to  3.3  individuals/site,  F3A2  =  4.99,  P  = 
0.02).  Brown-headed  Cowbirds  were  most 
abundant  at  grazed  sites  in  1996-2004  and  at 
fenced  sites  in  2005  (Table  6). 

DISCUSSION 

We  found  no  differences  in  avian  species 
richness  between  fenced  and  grazed  riparian 
habitats  from  observed  counts  of  species  en¬ 
countered  during  bird  surveys.  However, 
when  we  used  robust  design  closed-capture 
mixture  models  to  account  for  variation 
among  species  in  the  probability  of  detection, 
species  richness  increased  over  an  8-year  pe¬ 
riod  at  fenced  and  grazed  sites  in  riparian  hab¬ 


itats.  We  detected  new  species  in  four  differ¬ 
ent  guilds  of  nesting  birds  in  the  2004-05 
sampling  period.  Cowbird  abundance  was 
highest  at  grazed  and  then  fenced  sites  in  the 
early  and  latter  years  of  the  study,  respective¬ 
ly.  Overall,  our  estimates  of  community  pa¬ 
rameters  suggested  avian  community  dynam¬ 
ics  over  the  study  period  were  similar  at  all 
of  our  study  plots. 

Livestock  grazing  can  have  negative  effects 
on  vegetation  and  associated  vertebrate  com¬ 
munities  in  riparian  habitats,  and  exclusion  of 
cattle  can  be  an  effective  tool  for  habitat  res¬ 
toration.  Evaluating  effects  of  grazing  and  res¬ 
toration  efforts  can  be  challenging  because  the 
avian  community  is  not  necessarily  confined 
to  riparian  corridors,  and  birds  may  respond 
to  disturbance  at  large  geographic  scales  (Am¬ 
mon  and  Stacey  1997).  Studies  which  evaluate 
the  effects  of  cattle  exclusion  on  riparian  birds 
often  have  small  sample  sizes  and  limited  rep¬ 
lication;  these  issues  may  partly  explain  the 
lack  of  treatment  effects  in  our  experiment. 
Similarly,  our  guild  analysis  was  constrained 
because  we  were  unable  to  estimate  detection 
rates  with  a  low  number  of  species  per  guild. 
However,  qualitative  comparisons  among 
guilds  can  be  useful  for  exploring  which  sub¬ 
sets  of  the  community  may  be  most  sensitive 
to  effects  of  grazing  or  exclusion  of  cattle. 

Estimated  species  richness  in  our  study  did 
not  differ  between  fenced  and  grazed  sites,  de¬ 
spite  8  years  of  cattle  exclusion.  Previous 
studies  of  the  effects  of  livestock  exclusion 
have  detected  increases  in  species  richness,  di¬ 
versity,  and  abundance  among  communities  of 
riparian  vertebrates  in  fenced  habitats  (Dobkin 
et  al.  1998,  Sarr  2002,  Giuliano  and  Homyack 
2004).  We  expected  a  higher  number  of  breed¬ 
ing  bird  species  to  occur  in  fenced  sites  be¬ 
cause  riparian  areas  without  livestock  grazing 
usually  have  higher  vegetation  volume  and 
structural  diversity  than  those  not  grazed 
(Kauffman  and  Krueger  1984,  Mills  et  al. 
1991,  Fleischman  et  al.  2003).  Thus,  riparian 
habitats  in  southeast  Kansas  may  require  lon¬ 
ger  periods  of  cattle  exclusion  or  manual  re¬ 
planting  of  vegetation  to  increase  avian  spe¬ 
cies  richness  relative  to  sites  impacted  by 
grazing  activity. 

Regional  processes  could  have  contributed 
to  the  temporal  changes  in  species  richness  in 
fenced  and  grazed  habitats.  Unexpectedly,  we 


Johnson  et  al.  •  RIPARIAN  BIRDS  AND  MARK-RECAPTURE  MODELS 


35 


observed  an  increase  in  estimated  species 
richness  and  similar  rates  of  local  species 
turnover  at  fenced  and  grazed  sites.  Three 
nonexclusive  factors  may  explain  our  obser¬ 
vations.  First,  riparian  vegetation  and  associ¬ 
ated  riparian  bird  communities  can  be  affected 
by  livestock  stocking  rates  (Jansen  and  Rob¬ 
ertson  2001a,  b).  Increases  in  avian  species 
richness  at  grazed  riparian  sites  could  have 
been  influenced  by  reductions  in  stocking  den¬ 
sities  that  were  implemented  in  1995  at  ripar¬ 
ian  sites  and  surrounding  upland  pastures. 
Second,  the  landscape  matrix  in  which  ripar¬ 
ian  zones  are  embedded  can  influence  ecolog¬ 
ical  processes  within  riparian  areas  through 
effects  on  habitat  quality  and  species  persis¬ 
tence  (Dunford  and  Freemark  2004,  Brand  et 
al.  2008).  If  changes  in  livestock  stocking 
rates  in  upland  pastures  impacted  cowbird  ac¬ 
tivity,  reductions  in  rates  of  brood  parasitism 
could  have  contributed  to  increases  in  species 
richness  in  riparian  habitats,  particularly 
among  songbirds  with  open-cup  nests.  Last, 
species  distributions  are  usually  characterized 
by  lower  abundance  near  range  boundaries. 
Higher  rates  of  extinction  and  colonization 
may  be  expected  if  marginal  populations  are 
dependent  upon  immigration  for  persistence 
(Doherty  et  al.  2003,  Karan th  et  al.  2006).  Our 
study  site  was  at  an  ecotone  between  tallgrass 
prairie  and  eastern  deciduous  forest,  and  sev¬ 
eral  species  of  birds  were  at  the  margins  of 
their  breeding  distributions.  Southeast  Kansas 
is  the  western  boundary  of  the  breeding  range 
of  Summer  Tanagers  and  Kentucky  Warblers 
(Busby  and  Zimmerman  2001),  and  these  two 
species  were  only  detected  during  the  latter 
portion  of  our  study.  Overall,  spatio-temporal 
changes  in  species  distributions  could  have 
obscured  potential  differences  in  fenced  and 
grazed  riparian  bird  community  dynamics  if 
regional  influences  were  an  important  factor 
in  our  study. 

Previous  analyses  have  usually  assumed 
that  probabilities  of  detection  are  identical 
among  species,  habitats,  or  time  periods  when 
comparing  animal  communities  in  grazed  and 
ungrazed  riparian  habitats.  Our  analyses  re¬ 
vealed  significant  heterogeneity  in  probability 
of  detection  among  different  species  with  a 
two-  to  five-fold  difference  in  probability  of 
detection  in  the  low  and  high-detection  sub¬ 
sets  of  the  avian  communities.  Use  of  robust- 


design  models  for  mixtures  allowed  for  stan¬ 
dardized  comparisons  across  habitats  that  con¬ 
trolled  for  interspecific  variation  in  the  prob¬ 
ability  of  detection  and  potential  differences 
among  observers.  Thus,  temporal  increases  in 
species  richness  were  likely  due  to  changes  in 
habitat  between  our  two  sampling  periods,  al¬ 
beit  at  a  larger  geographic  scale  than  the  sam¬ 
pling  protocols  of  our  study. 

The  probability  of  detection  of  a  species  is 
a  function  of  abundance,  which  ultimately  in¬ 
fluences  probability  of  extinction.  Species  that 
occur  at  low  abundance  tend  to  have  a  lower 
probability  of  detection  and  a  higher  proba¬ 
bility  of  extinction  (Alpizar-Jara  et  al.  2004). 
Empirical  relationships  among  these  variables 
have  implications  for  ecological  restoration 
because  the  success  of  restoration  efforts  is 
usually  measured  against  a  reference  com¬ 
munity.  Comparisons  among  communities 
could  result  in  faulty  inferences  if  differences 
or  similarities  are  obscured  by  variation  in 
probability  of  detection.  Moreover,  investiga¬ 
tions  of  community  dynamics  must  account 
for  the  imperfect  detection  of  species  that  oc¬ 
cur  at  low  abundance  to  accurately  quantify 
probabilities  of  extinction  and  persistence,  as 
well  as  the  rate  of  change  in  species  richness 
after  habitat  restoration.  Accurate  estimates  of 
community-level  parameters  will  be  critical  in 
evaluating  the  suitability  of  restored  habitats. 

Our  estimates  of  species  richness  demon¬ 
strate  that  unadjusted  species  counts  can  un¬ 
derestimate  the  number  of  avian  species 
breeding  in  riparian  habitats  in  the  Great 
Plains.  Our  study  joins  a  growing  literature  in 
demonstrating  that  mark-recapture  methods 
are  a  useful  tool  for  investigations  of  com¬ 
munity  dynamics  because  they  yield  robust 
estimates  of  species  richness  and  other  com¬ 
munity  attributes  that  improve  inferences  from 
faunal  surveys  in  riparian  habitats  (Brand  et 
al.  2008)  and  other  environments  (Boulinier 
et  al.  1998,  Bailey  et  al.  2004,  Kery  and 
Schmid  2004,  Wintle  et  al.  2004,  Jiguet  et  al. 
2005).  Unbiased  estimates  of  species  richness 
are  important  because  they  allow  ecologists 
to:  (1)  evaluate  the  efficacy  of  existing  resto¬ 
ration  efforts,  (2)  develop  hypotheses  about 
the  pace  and  future  trajectory  of  community 
recovery,  and  (3)  ascertain  whether  additional 
effort  will  be  required  to  achieve  restoration 
project  goals.  Future  use  of  mark-recapture 
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models  to  study  community  dynamics  will  aid 
evaluations  of  ecological  responses  to  resto¬ 
ration  efforts. 
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APPENDIX.  Encounter  histories  for  bird  species  detected  (1)  or  not  detected  (0)  at  replicate  plots  at  fenced  and  grazed  riparian  sites  during  primary  sampling 
periods  in  4  different  years  and  13  secondary  sampling  periods  within  years  (1996:4,  1997:4,  2004:2,  2005:3). 
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POPULATION  CHANGES  OF  WINTERING  AND  RESIDENT 
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ABSTRACT. — St.  John,  U.S.  Virgin  Islands,  is  one  of  the  most  forested  islands  in  the  West  Indies  and  provides 
an  opportunity  to  conserve  both  resident  birds  and  wintering  neotropical  migrants.  We  conducted  double-observer 
point  counts  of  landbirds  in  December  2005  and  2006  in  Forest  Inventory  and  Analysis  (FIA)  plots  and  National 
Park  Service  (NPS)  trails  in  Virgin  Islands  National  Park  (VINP)  to  assess  population  trends  of  birds  in  sub¬ 
tropical  dry  and  moist  forests.  We  recorded  2,270  individual  birds  representing  35  species  at  150  point  count 
stations  in  2005,  and  3,092  individuals  of  32  species  at  143  of  these  stations  in  2006.  The  increase  in  birds  per 
point  from  2005  (15.1)  to  2006  (21.6)  was  due  to  resident  species,  17  of  which  were  recorded  more  frequently 
in  2006.  The  17  species  of  neotropical  migrants  composed  11.8%  of  all  registrations  in  2005  and  2006.  Sub¬ 
tropical  moist  and  dry  forest  habitats  differed  strongly  in  vegetation  characteristics  and  plant  species,  but  no 
species  of  birds  exhibited  a  strong  affiliation  with  either  habitat  type  on  FIA  plots.  Data  from  NPS  trails  showed 
that  most  migrant  species  were  detected  more  often  in  moist,  mature  forest.  The  resident  Bridled  Quail-Dove 
(Geotrygon  mystacea)  also  was  correlated  with  mature  forest.  Plant  and  bird  species  co-occurrence  with  positive 
correlations  that  may  carry  a  signal  of  preferred  frugivory  included  Guettarda  odorata  (Rubiaceae)  with  Bridled 
Quail-Dove,  and  Myrciaria  floribunda  (Myrtaceae)  with  Pearly-eyed  Thrasher  (Margarops  fuscatus).  Migrant 
species  did  not  exhibit  strong  long-term  changes  in  relative  abundance  since  founding  of  VINP  in  1957,  but 
four  open-country  resident  species  declined  significantly  between  1957  and  2006  as  the  forest  matured.  Forest 
maturation  should  continue  on  St.  John,  yielding  a  bright  future  for  most  of  its  landbirds  barring  catastrophic 
hurricanes,  pathogens,  or  invasive  plants.  Received  24  November  2007.  Accepted  29  May  2008. 


Populations  of  both  migratory  and  resident 
species  of  West  Indian  birds  have  been  af¬ 
fected  by  humans  through  land-use  changes, 
introduced  mammals,  and  direct  hunting  since 
the  islands  were  first  settled  several  thousand 
years  ago  (Pregill  et  al.  1994).  Habitat  loss 
may  be  the  most  important  threat  to  persis¬ 
tence  of  endemic  and  resident  birds  in  the 
West  Indies  (Arendt  1992,  Raffaele  et  al. 
1998).  The  extent  to  which  this  habitat  loss 
influences  populations  of  neotropical  migrants 
is  potentially  substantial.  Understanding  the 
causes  of  current  population  trends  in  migra¬ 
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tory  species  requires  monitoring  in  both 
breeding  and  wintering  areas  (Rappole  1995). 

The  resident  bird  life  in  the  U.S.  Virgin  Is¬ 
lands  (US VI;  Fig.  1)  comprises  a  unique  fau¬ 
nal  mixture  originating  in  both  the  Greater  and 
Lesser  Antilles.  Neotropical  migrants  in  the 
US VI  tend  to  be  species  that  are  widespread 
on  their  Antillean  wintering  areas  (Leek  and 
Norton  1991,  Arendt  1992,  Raffaele  et  al. 
1998).  Previous  bird  censuses  on  St.  John 
(Robertson  1962,  Askins  and  Ewert  1991)  re¬ 
ported  a  large  decrease  in  the  proportion  of 
resident  species  associated  with  open  and  ear¬ 
ly  successional  habitats  (49.8%  in  1957  vs. 
10.7%  in  1987)  and  a  concomitant  increase  in 
habitat  generalists  (36.2  vs.  68.2%);  the  pro¬ 
portion  of  neotropical  migrants  increased 
slightly  from  15%  in  1957  to  20.8%  in  1987. 
These  changes  presumably  reflect  reforesta¬ 
tion  following  acquisition  of  54%  of  St.  John 
as  Virgin  Islands  National  Park  (VINP)  in 
1956  (MacDonald  et  al.  1997).  The  detection 
rate  of  migrants  was  nearly  six  times  higher 
on  St.  John  (50  km2,  elevation  389  m)  than  in 
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FIG.  1.  Localities  of  all  point  counts  for  birds,  St.  John,  U.S.  Virgin  Islands,  December  2005  and  2006. 
FIA-plot  points  are  sampling  stations  affiliated  with  FIA  plots.  NPS  trail  points  are  sampling  stations  not  affiliated 
with  FIA  plots  and  National  Park  Service  maintained  trails.  Circled  numbers  designate  NPS  trails. 


Luquillo  Experimental  Forest  on  nearby 
Puerto  Rico  (8,865  km2,  elevation  1,338  m)  in 
both  1957  and  1987  (Askins  et  al.  1992,  Wun- 
derle  and  Waide  1993). 

Migrant  birds  wintering  in  the  Caribbean 
have  demonstrated  affiliation  with  certain  hab¬ 
itats  and  may  also  be  associated  with  partic¬ 
ular  plant  species  (Faaborg  1984,  Arendt 
1992).  The  presence  of  frugivores  and  nectar- 
ivores,  in  particular,  may  be  influenced  by 
drought  and  other  factors  that  affect  flowering 
and  fruiting  of  plants  (Ewert  and  Askins 
1991).  Migrants,  such  as  Black-and-white 
Warbler,  Northern  Parula,  Cape  May  Warbler, 
Black-throated  Blue  Warbler,  and  American 


Redstart  (scientific  names  of  all  birds  are  in 
Table  1),  accounted  for  most  of  wintering  bird 
visits  to  fruiting  Cecropia  trees  in  Puerto  Rico 
to  consume  fruit  or  insects  (Leek  1972). 

The  USDA  Forest  Service  Forest  Inventory 
and  Analysis  program  (FIA)  collects  data  on 
variables  related  to  forest  health  across  the 
United  States,  including  the  USVI  and  Puerto 
Rico  (USDA  2002,  Bechtold  and  Patterson 
2005).  Data  gathered  at  FIA  plots  include 
characteristics  important  for  evaluating  avian 
habitat,  such  as  tree  and  vascular  herbaceous 
plant  composition,  vegetation  cover,  standing 
dead  trees  (snags),  and  downed  woody  mate¬ 
rials,  among  others  (Bechtold  and  Scott  2005). 
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TABLE  1.  Birds  detected  at  point  count  stations,  December  2005  and  2006,  St.  John,  U.S. 
Mean  (±  SE)  birds/point  was  calculated  for  species  with  >  5  registrations  in  any  survey  year, 
point  counts  in  2005  and  143  in  2006. 

Virgin  Islands. 
Based  on  150 

Registrations 

Mean  birds/point 

Species 

2005 

2006 

2005 

2006 

Migrant  Landbirds 

Yellow-bellied  Sapsucker  ( Sphyrapicus  varius ) 

0 

2 

Barn  Swallow  ( Hirundo  rustica ) 

4 

0 

White-eyed  Vireo  (Vireo  griseus) 

0 

1 

Blue-winged  Warbler  ( Vermivora  pinus) 

3 

2 

Northern  Parula  ( Parula  americana ) 

51 

48 

0.34  ±  0.05 

0.34  ±  0.05 

Magnolia  Warbler  ( Dendroica  magnolia) 

2 

3 

Cape  May  Warbler  ( D .  tigrina) 

1 

0 

Black-throated  Blue  Warbler  ( D .  caerulescens) 

1 

1 

Yellow-rumped  Warbler  ( D .  coronata) 

4 

0 

Black-throated  Green  Warbler  (D.  virens) 

1 

0 

Blackburnian  Warbler  (D.  fusca) 

3 

2 

Prairie  Warbler  (D.  discolor) 

44 

32 

0.29  ±  0.06 

0.22  ±  0.09 

Black-and-white  Warbler  ( Mniotilta  varia) 

48 

36 

0.32  ±  0.04 

0.25  ±  0.03 

American  Redstart  ( Setophaga  ruticilla) 

98 

66 

0.65  ±  1.00 

0.46  ±  0.82 

Worm-eating  Warbler  ( Helmitheros  vermivorus) 

10 

8 

0.07  ±  0.00 

0.06  ±  0.03 

Ovenbird  ( Seiurus  aurocapilla) 

47 

50 

0.31  ±  0.05 

0.35  ±  0.04 

Northern  Waterthrush  (5.  noveboracensis) 

35 

15 

0.23  ±  0.09 

0.10  ±  0.05 

Hooded  Warbler  ( Wilsonia  citrina) 

10 

6 

0.07  ±  0.03 

0.04  ±  0.04 

Rose-breasted  Grosbeak  ( Pheucticus  ludovicianus) 

1 

0 

Resident  Landbirds 

Scaly-naped  Pigeon  ( Patagioenas  squamosa) 

5 

16 

0.11  ±  0.04 

Zenaida  Dove  ( Zenaida  aurita) 

27 

54 

0.18  ±  0.04 

0.38  ±  0.06 

Common  Ground-Dove  ( Columbina  passerina) 

7 

13 

0.05  ±  0.08 

0.09  ±  0.16 

Bridled  Quail-Dove  ( Geotrygon  mystacea) 

47 

50 

0.31  ±  0.07 

0.35  ±  0.10 

Mangrove  Cuckoo  ( Coccyzus  minor) 

17 

19 

0.11  ±  0.02 

0.13  ±  0.05 

Smooth-billed  Ani  ( Crotophaga  am) 

8 

21 

0.05  ±  0.03 

0.15  ±  0.10 

Green-throated  Carib  (Eulampis  holosericeus) 

31 

57 

0.21  ±  0.03 

0.40  ±  0.05 

Antillean  Crested  Hummingbird  (Orthorhyncus  cristatus) 

74 

112 

0.49  ±  0.05 

0.78  ±  0.07 

Caribbean  Elaenia  (Elaenia  martinica) 

519 

634 

3.46  ±  0.20 

4.43  ±  0.31 

Puerto  Rican  Flycatcher  ( Myiarchus  antillarum) 

1 

3 

Grey  Kingbird  ( Tyrannus  dominie ensis) 

135 

448 

0.90  ±  0.12 

3.13  ±  0.26 

Northern  Mockingbird  ( Mimus  polyglottos) 

2 

5 

Pearly-eyed  Thrasher  (Margarops  fuscatus) 

403 

517 

2.69  ±  0.14 

3.62  ±  0.18 

Black-whiskered  Vireo  ( Vireo  altiloquus) 

2 

4 

Yellow  Warbler  ( Dendroica  petechia) 

61 

60 

0.41  ±  0.10 

0.42  ±0.13 

Bananaquit  ( Coereba  flaveola) 

368 

565 

2.45  ±0.13 

3.95  ±  0.24 

Black-faced  Grassquit  ( Tiaris  bicolor) 

49 

18 

0.33  ±  0.58 

0.13  ±  0.08 

Lesser  Antillean  Bullfinch  ( Loxigilla  noctis) 

151 

224 

1.01  ±  0.09 

1.57  ±  0.14 

The  USD  A  Forest  Service  also  has  developed 
a  Multiple  Species  Inventory  and  Monitoring 
protocol  for  collecting  terrestrial  faunal  data 
on  FIA  plots,  including  those  in  the  Caribbean 
(Brandeis  2003,  Manley  et  al.  2004). 

The  objectives  of  our  research  were  to:  (1) 
provide  current  information  on  migratory  and 
resident  landbirds  in  St.  John's  subtropical 
forests,  (2)  inform  and  improve  management 
of  these  public  lands,  and  (3)  contribute  data 


on  overall  trends  in  bird  communities.  We 
combined  habitat  data  from  FIA  plots  with 
census  data  on  resident  and  migrant  landbirds 
at  point  counts  associated  with  both  FIA  plots 
and  National  Park  Service  (NPS)  trails.  We 
assessed  the  relationship  among  bird  species 
and  habitat  type,  vegetation  characteristics, 
and  plant  occurrence  with  FIA-plot  affiliated 
point  counts.  We  also  investigated  landscape- 
level  trends  in  birds  throughout  the  VINP  with 
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NPS-trail  affiliated  point  counts.  We  reviewed 
historical  data  on  relative  abundance  of  birds 
from  1957  to  2006  to  evaluate  the  effects  of 
habitat  changes  on  the  bird  community  of  St. 
John. 

METHODS 

Vegetation. — Habitat  data  were  collected  on 
St.  John  by  a  team  led  by  SNO  and  TJB  in 
June-July  2004  using  the  USDA  Forest  Ser¬ 
vice  FIA  sample  design  (USDA  2002).  Twen¬ 
ty  plots,  each  consisting  of  four  abutting  cir¬ 
cular  subplots  of  17.9-m  radius,  were  arranged 
on  an  unbiased,  systematic  hexagonal  sample 
grid  across  the  island.  Hexagons  covered 
~200  ha  each  with  one  sample  plot  randomly 
located  in  each  hexagon.  FIA  field  crews  col¬ 
lected  forest  inventory,  understory  structure 
and  composition,  and  physiographic  data  on 
each  subplot.  Diameter  at  breast  height  (dbh, 
taken  at  1.37  m),  total  height,  and  other  pa¬ 
rameters  were  measured  on  all  trees  of  dbh 
2:12.5  cm  in  each  subplot;  dbh  and  total 
height  were  measured  on  saplings  of  dbh  2:2.5 
cm  within  a  2.1-m  radius  microplot  in  each 
subplot  (USDA  2002,  Bechtold  and  Scott 
2005).  The  vegetation  analyses  divided  the 
forests  of  St.  John  into  two  major  categories, 
subtropical  dry  forest  and  subtropical  moist 
forest  (Oswalt  et  al.  2006)  following  Hold- 
ridge  (1967)  and  Ewel  and  Whitmore  (1973). 
Each  of  these  life  zone  types  has  different  in¬ 
dicator  plants,  as  well  as  species  composition 
and  habitat  structure  distinct  from  areas  dom¬ 
inated  by  anthropogenic  disturbance  (Oswalt 
et  al.  2006). 

Bird  Censuses. — Teams  of  qualified  observ¬ 
ers  (JPH,  JJ,  AWK,  GAL,  AEM,  JRM,  MJR, 
SKR,  WMS,  DWS,  JVS,  and  NAW)  conduct¬ 
ed  double-observer,  unlimited-radius,  circular- 
plot  point  counts  (Emlen  1971,  Ralph  et  al. 
1993)  from  5  to  24  December  2005  and  4  to 
18  December  2006.  Controlled  experiments 
have  shown  that  unlimited-radius  point  counts 
provide  better  estimates  of  actual  population 
sizes  than  fixed  radius  (Simons  et  al.  2007), 
and  that  double-observer  point  counts  record 
avian  abundance  with  high  levels  of  precision 
(Nichols  et  al.  2000).  Effort  in  double-observ¬ 
er  days  was  68  for  2005  and  48  for  2006;  the 
difference  was  related  to  the  much  greater 
time  spent  clearing  trails  and  locating  plots 
during  the  first  year. 


Two  to  five  stations  were  arrayed  around  a 
central  location  slightly  offset  from  the  18  ac¬ 
cessible  FIA  plot  centers  on  St.  John,  as  rec¬ 
ommended  by  USFS-MSIM  protocols  (Man- 
ley  et  al.  2004),  for  a  total  of  45  FIA-affiliated 
stations,  yielding  a  mean  of  2.5  point  counts/ 
FIA  plot.  Adjacent  point-count  stations  were 
at  least  200  m  apart,  and  all  stations  on  any 
given  FIA  plot  were  sampled  on  the  same  day. 
Our  point  counts  were  made  during  times  of 
little  or  no  rain,  wind  <10  km/hr,  and  within 
4  hrs  of  daybreak.  We  augmented  the  FIA 
sample  with  105  additional  census  points  at 
intervals  2:200  m  along  maintained  NPS 
trails,  for  a  total  of  150  point  count  stations 
in  2005  (Fig.  1).  The  45  points  affiliated  with 
FIA  plots  and  95  of  the  105  points  affiliated 
with  NPS  trails  were  resampled  in  2006. 
Three  additional  point  counts  on  NPS  trails 
were  also  sampled  in  2006,  for  a  total  of  143 
points.  Our  analyses  focus  on  the  140  point 
count  stations  that  were  sampled  in  both  2005 
and  2006  (45  at  FIA  plots,  95  on  NPS  trails). 

All  species  of  birds  detected  by  sight  or 
sound  during  point  counts  were  recorded  by 
time  interval  of  first  detection  (0-5  min  vs. 
5-10  min,  followed  by  a  3  min  “pish”  call  to 
confirm  identity  of  certain  birds  and  to  lure  in 
nearby  silent  birds  not  detected  during  the 
point  count),  distance  (rounded  to  5  m  for 
0-50  m,  to  10  m  for  >50  m),  and  direction 
(to  nearest  45°).  Each  observer  in  the  pair  reg¬ 
istered  individual  birds  separately,  and  then 
combined  and  confirmed  detections  immedi¬ 
ately  following  the  point  count.  The  mean 
number  of  each  species  per  point  was  calcu¬ 
lated  with  an  understanding  that  sound  atten¬ 
uation  leads  to  underestimates  in  some  species 
(Waide  and  Narins  1988).  Seabirds,  shore- 
birds,  raptors,  and  landbirds  observed  flying 
over  the  point-count  stations  were  recorded 
but  not  analyzed. 

Each  pair  of  observers  carried  a  GPS 
(Global  Positioning  System)  receiver  and  re¬ 
corded  the  exact  location  of  observation 
points  affiliated  with  FIA  plots  and  NPS  trails 
in  2005  when  the  points  were  given  non-per¬ 
manent  markers.  The  GPS  data  and  markers 
were  used  to  relocate  points  in  2006.  Coor¬ 
dinate  data  were  added  to  the  spatial  analysis 
program  ArcGIS  9. 1  and  projected  onto  or- 
thorectified  aerial  photographs  provided  by 
the  USDA  Forest  Service  (Fig.  1). 
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Analyses. — We  tabulated  the  number  of  in¬ 
dividual  birds  observed  (registrations)  at  each 
FIA  plot-  and  NPS  trail-affiliated  point  sepa¬ 
rately  for  2005  and  2006.  Of  these  points,  140 
were  sampled  during  both  years  and  the  abun¬ 
dance  (number  of  registrations)  of  each  spe¬ 
cies  was  averaged  for  these  points  over  the  2 
years.  The  results  of  the  points  affiliated  with 
each  FIA  vegetation  plot  were  averaged  to 
give  a  single  average  abundance  for  each  spe¬ 
cies  by  FIA  plot.  The  15  species  of  birds  de¬ 
tected  at  six  or  more  of  the  18  FIA  plots  were 
included  in  further  analysis.  Each  FIA  plot 
and  its  associated  avian  sampling  points  were 
classified  as  subtropical  dry  (10  FIA  plots,  26 
points)  or  moist  forest  (8  FIA  plots,  19  points) 
(Oswalt  et  al.  2006). 

We  used  a  Welch  two-sample  r-test  to  eval¬ 
uate  if  individual  species  occurred  more  often 
in  points  classified  as  moist  versus  dry  habitat. 
We  used  the  same  test  to  examine  whether 
habitat  structure  characteristics  (trees/ha, 
height  of  tallest  tree,  average  height  of  all 
trees,  canopy  height,  basal  area/ha,  above 
ground  biomass/ha,  crown  area/ha,  crown  vol¬ 
ume/ha)  differed  between  the  two  habitats. 
Linear  regression  was  used  to  test  the  rela¬ 
tionship  between  average  abundance  of  each 
species  of  bird  and  structural  characteristics  of 
habitat.  We  also  tested  the  relationship  be¬ 
tween  occurrence  of  landbirds  and  vascular 
plant  species  within  each  habitat  type  using  a 
Pearson’s  product  moment  correlation  coeffi¬ 
cient. 

Abundance  (number  of  registrations)  for  the 
95  points  on  NPS  trails  was  averaged  for  each 
point  over  the  2  years.  We  assigned  84  of 
these  points  to  13  distinct  trails  each  with  at 
least  three  sampling  stations  (mean  =  6.5 
points/trail,  range  3-16).  Each  trail  covered 
relatively  homogenous  habitat  and  all  points 
on  a  trail  were  sampled  on  the  same  day.  We 
used  a  one-way  ANOVA  to  test  for  the  effect 
of  trail  affiliation  on  abundance  of  the  eight 
most  common  migrants  (Northern  Parula, 
Prairie  Warbler,  Black-and-white  Warbler, 
American  Redstart,  Worm-eating  Warbler,  Ov- 
enbird.  Northern  Waterthrush,  and  Hooded 
Warbler). 

We  used  data  from  surveys  in  1957,  1987, 
and  1990,  in  addition  to  our  own  from  2005 
and  2006,  to  examine  historical  trends  in  bird 
abundance.  Robertson  (1962)  counted  every 


bird  he  observed  in  February  and  March  1957 
over  152  hrs  of  traversing  trails  and  dry 
stream  beds  throughout  VINP.  Robertson’s 
study  included  moist  and  dry  forest,  as  well 
as  mangroves  (primarily  Avicennia  germi- 
nans,  Laguncularia  racemosa,  and  Rhizopho- 
ra  mangle),  which  we  did  not  sample.  Askins 
and  Ewert  (1991)  assessed  the  birds  in  VINP 
with  25 -m  fixed-radius  point  counts.  They  had 
55  point  counts  in  moist  forest  and  35  in  dry 
forest  from  31  October  to  3  December  1987, 
and  40  in  moist  forest  and  22  in  dry  forest 
from  10  to  16  January  1990. 

The  1957  survey  used  observations/hr;  the 
radius  of  the  1987  and  1990  points  was  dif¬ 
ferent  than  ours  in  2005  and  2006,  and  we 
used  relative  abundance  for  the  comparisons 
(Bibby  et  al.  2000).  Species  that  occurred 
rarely  were  removed  from  the  analysis.  The 
significance  of  the  trends  was  calculated  in 
terms  of  P-value  using  linear  regression  of  the 
relative  abundance  of  each  analyzed  species 
(dependent  variable)  for  each  of  the  5  calendar 
years  (independent  variable). 

We  report  statistical  significance  at  P  < 
0.05,  although  we  apply  a  Bonferroni  adjust¬ 
ment  for  comparisons  involving  all  73  plant 
species  ( P  <  0.0007)  and  15  non-rare  bird 
species  ( P  <  0.0033).  These  analyses  were 
completed  in  program  R,  Version  2.3.1  (R 
Core  Development  Team  2007). 

RESULTS 

We  recorded  2,270  individuals  of  35  spe¬ 
cies  of  landbirds  in  December  2005  and  3,092 
individuals  of  32  species  of  landbirds  in  De¬ 
cember  2006.  The  mean  (±  SE)  number  of 
individual  landbirds  per  point  was  15.13  ± 
0.59  in  2005,  and  21.62  ±  0.90  in  2006.  The 
resident  Caribbean  Elaenia  was  the  most  fre¬ 
quently  detected  species  in  2005  and  2006 
with  3.46  and  4.43  birds/point,  respectively 
(Table  1).  Next  most  abundant  were  Pearly- 
eyed  Thrasher  (2.69  and  3.62  birds/point  in 
2005  and  2006),  Bananaquit  (2.45,  3.95),  and 
Grey  Kingbird  (0.90,  3.13). 

FIA  Plot  Affiliated  Points. — The  Hooded 
Warbler  was  found  more  often  in  wet  forest 
(P  <  0.01)  and  Grey  Kingbird  and  Yellow 
Warbler  were  observed  more  often  in  dry  for¬ 
est  ( P  =  0.01  for  both  species),  but  none  of 
the  bird  associations  with  moist  versus  dry 
forest  in  FIA-affiliated  points  (Fig.  2)  was  sta- 
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FIG.  2.  Association  of  common  migrant  and  resident  landbirds  with  habitat  types  (10  FIA  plots  in  subtropical 
dry  forest  and  8  in  subtropical  moist  forest).  Abundance  averaged  over  2005  and  2006  for  26  avian  point  counts 
affiliated  with  FIA  plots  in  dry  habitat  and  19  associated  with  FIA  plots  in  moist  habitat.  Bars  represent  SE. 


tistically  significant  using  the  Bonferroni  cor¬ 
rection.  Vegetation  characteristics  were  dis¬ 
tinct  between  the  two  habitat  types  (Table  2). 
The  tallest  tree,  average  canopy  height,  crown 
area/ha,  and  crown  volume/ha  were  all  higher 
(P  <  0.05;  t  =  -2.57,  -2.37,  -2.71,  -2.67) 
in  subtropical  moist  forest  than  in  subtropical 
dry  forest  plots.  Basal  area/ha  and  above¬ 
ground  biomass/ha  were  higher  (P  <  0.01;  t 
—  —3.72  and  -3.20)  in  moist  than  in  dry  for¬ 
est. 

Three  resident  species  of  birds  were  signif¬ 


icantly  associated  with  particular  vegetation 
characteristics.  The  Bridled  Quail-Dove  had  a 
positive  relationship  with  crown  volume/ha  ( P 
■—  0.003)  and  with  height  of  the  tallest  tree  ( P 
=  0.06).  The  Caribbean  Elaenia  had  a  nega¬ 
tive  relationship  with  basal  area  ( P  =  0.004) 
and  a  positive  ( P  =  0.002)  relationship  with 
above-ground  biomass.  The  Scaly-naped  Pi¬ 
geon  had  a  positive  (P  =  0.047)  relationship 
with  canopy  cover. 

Ten  individual  species  of  plants  in  the  18 
FIA  plots  were  correlated  with  moist  forest 


Steadman  et  al.  •  WINTERING  LANDBIRDS  ON  ST.  JOHN,  U.S.  VIRGIN  ISLANDS 


47 


TABLE  2.  Vegetation  characteristics  at  FIA  plots  in  10  subtropical  dry  forest  and  8  subtropical  moist  forest 
locations.  Means  (±  SD)  are  reported.  P- value  from  Welch  two-sided  r-test. 

Dry  forest 

Moist  forest 

P-value 

Trees  >12.5  cm  dbh/ha 

4630.2  ±  2022.7 

6446.7  ±  2272.5 

0.098 

Height  of  tallest  tree,  m 

8.5  ±  1.9 

11.0  ±  2.0 

0.021* 

Average  height  of  all  trees,  m 

5.3  ±  0.8 

6.3  ±  1.2 

0.073 

Canopy  height,  m 

6.3  ±  1.4 

7.9  ±  1.5 

0.032* 

Basal  area,  m2/ha 

13.4  ±  5.0 

25.3  ±  7.8 

0.003** 

Above  ground  biomass,  m3/ha 

52.4  ±  19.6 

89.2  ±  27.3 

0.007** 

Crown  area,  m2/ha 

249.6  ±  147.2 

757.4  ±  513.6 

0.027* 

Crown  volume,  m3/ha 

706.0  ±  472.5 

2465.2  ±  1814.5 

0.029* 

•P  <  0.05;  **P<  0.01. 


and  1 1  with  dry  forests  (Table  3).  Only  Com- 
melina  erecta  exhibited  a  significant  relation¬ 
ship  with  dry  forest  when  a  Bonferroni  cor¬ 
rection  was  applied  to  multiple  comparisons 
among  the  73  plant  species.  A  greater  pro¬ 
portion  of  the  species  had  bird-dispersed  fruits 
in  moist  (7  of  10)  than  dry  forest  (4  of  11), 
but  this  difference  was  not  statistically  signif¬ 
icant  when  subjected  to  a  Welch  t-test. 

We  also  tested  the  relationship  of  bird  and 
plant  species  within  habitat  type  (Table  4). 


The  two  largest  birds,  Scaly-naped  Pigeon  and 
Bridled  Quail-Dove,  had  a  positive  associa¬ 
tion  with  at  least  one  plant  species  in  moist 
forest.  Migrant  Prairie  Warbler,  American 
Redstart,  and  Ovenbird,  and  resident  Pearly- 
eyed  Thrasher,  Yellow  Warbler,  Bananaquit, 
and  Black-faced  Grassquit  were  positively  af¬ 
filiated  with  at  least  one  plant  species  in  dry 
forest. 

NPS-trail  Affiliated  Points. — Most  migrants 
(5  of  the  8  most  common  and  several  rare  spe- 


TABLE  3.  Plant  species  affiliation  with  forest  types  (B  and  10  FIA  plots,  respectively)  using  a  t-test  for 
unequal  variance.  Significant  results  are  for  P  <  0.05.  indicates  bird-dispersed  fruits. 

Common  names  (ITIS  2008)  Life  form 

Subtropical  Moist  Forest 


Ardisia  obovata  (Myrsinaceae) 

Guadeloupe  marlberry 

Tree 

Cestrum  laurifolium  (Solanaceae) 

Galen  del  monte 

Shrub 

Ckiococca  alba  (Rubiaceae) 

West  Indian  milkberry 

Liana/shrubF 

Chionanthus  compactus  (Oleaceae) 

Bridgotree 

Shrub/treeF 

Coccothrinax  barbadensis  (Arecaceae) 

Puerto  Rico  silver  palm 

Shrub/tree 

Eugenia  monticola  (Myrtaceae) 

Birdcherry 

TreeF 

E.  rhombea  (Myrtaceae) 

Red  stopper 

Shrub/treeF 

Faramea  occidentalis  (Rubiaceae) 

False  coffee 

ShrubF 

Guettarda  scabra  (Rubiaceae) 

Wild  guava 

Shrub/treeF 

Nectandra  coriacea  (Lauraceae) 

Lancewood 

Shrub/treeF 

Subtropical  Dry  Forest 

*Commelina  erecta  (Commelinaceae) 

Whitemouth  dayflower 

Herb 

Erythroxylum  brevipes  (Erythroxylaceae) 

Brisselet 

Shrub/treeF 

Gouania  lupuloides  (Rhamnaceae) 

Whiteroot 

Liana 

Guettarda  odorata  (Rubiaceae) 

Cucubano  de  Vieques 

Shrub/treeF 

Pilosocereus  royenii  (Cactaceae) 

Royen’s  tree  cactus 

Shrub/treeF 

Piscidia  carthagenensis  (Fabaceae) 

Stinkwood 

Tree 

Plumeria  alba  (Apocynaceae) 

Nosegaytree 

Tree 

Solanum  polygamum  (Solanaceae) 

Cakalaka  berry 

ShrubF 

Tillandsia  recurvata  (Bromeliaceae) 

Small  ballmoss 

Epiphyte 

T.  utriculata  (Bromeliaceae) 

Spreading  airplant 

Epiphyte 

Tragia  volubilis  (Euphorbiaceae) 

Fireman 

Vine 

Bonferroni  adjustment,  P  <  0.0007. 


Bird  species  positively  (+)  or  negatively  (-)  associated  with  plant  species  using  Pearson’s  correlation  (.P  <  0.0007,  significant  using  the  Bonferroni 
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TABLE  5.  Relative  abundance  (registrations/number  of  individual  birds)  of  resident  and  migrant  landbirds 
on  St.  John,  U.S.  Virgin  Islands  between  1957  and  2006.  P-value  represents  the  linear  regression  trend  of  relative 


abundance  by  survey  year. 


1957a 

1987b 

1990b 

2005c 

2006c 

P-value 

Migrant  Landbirds 

Northern  Paruia 

0.031 

0.102 

0.054 

0.023 

0.016 

0.76 

Magnolia  Warbler 

0.001 

0.008 

0.012 

0.001 

0.001 

0.99 

Cape  May  Warbler 

0.001 

0.004 

0.000 

0.000 

0.000 

0.70 

Black-throated  Blue  Warbler 

0.003 

0.000 

0.000 

0.000 

0.000 

0.09* 

Prairie  Warbler 

0.013 

0.008 

0.008 

0.020 

0.010 

0.74 

Black-and-white  Warbler 

0.020 

0.037 

0.021 

0.021 

0.012 

0.72 

American  Redstart 

0.024 

0.026 

0.033 

0.044 

0.022 

0.54 

Worm-eating  Warbler 

0.004 

0.006 

0.008 

0.004 

0.003 

0.81 

Ovenbird 

0.005 

0.018 

0.042 

0.021 

0.016 

0.46 

Northern  Waterthrush 

0.011 

0.000 

0.021 

0.016 

0.005 

0.98 

Hooded  Warbler 

0.001 

0.016 

0.021 

0.004 

0.002 

0.90 

Resident  Landbirds 

Scaly-naped  Pigeon 

0.020 

0.055 

0.046 

0.002 

0.005 

0.62 

Zenaida  Dove 

0.105 

0.014 

0.047 

0.012 

0.018 

0.03** 

Common  Ground-Dove 

0.091 

0.008 

0.004 

0.003 

0.004 

0.03** 

Bridled  Quail-Dove 

0.012 

0.008 

0.004 

0.021 

0.016 

0.45 

Mangrove  Cuckoo 

0.004 

0.008 

0.004 

0.008 

0.006 

0.29 

Smooth-billed  Ani 

0.020 

0.014 

0.012 

0.004 

0.007 

0.01** 

Green-throated  Carib 

0.016 

0.014 

0.008 

0.014 

0.019 

0.95 

Antillean  Crested  Hummingbird 

0.019 

0.067 

0.033 

0.033 

0.036 

0.61 

Caribbean  Elaenia 

0.017 

0.049 

0.041 

0.231 

0.206 

0.09 

Grey  Kingbird 

0.060 

0.035 

0.033 

0.060 

0.146 

0.49 

Pearly-eyed  Thrasher 

0.214 

0.229 

0.269 

0.179 

0.168 

0.50 

Yellow  Warbler 

0.024 

0.012 

0.021 

0.027 

0.020 

0.98 

Bananaquit 

0.079 

0.229 

0.178 

0.164 

0.184 

0.21 

Black-faced  Grassquit 

0.207 

0.010 

0.029 

0.022 

0.006 

0.03** 

Lesser  Antillean  Bullfinch 

0.000 

0.027 

0.050 

0.067 

0.073 

0.007** 

*  p  <  o.i,  **  P  <  0.05. 
a  Robertson  (1962). 
b  Askins  and  Ewert  (1991). 
c  Present  study. 


cies)  were  observed  most  frequently  on  the 
three  NPS  trails  through  moist,  mature  forest. 
Three  common  migrants  (Black-and-white 
Warbler,  Worm-eating  Warbler,  and  Hooded 
Warbler)  were  associated  with  Trail  23,  NNE 
from  Reef  Bay  across  the  island  in  a  south¬ 
flowing  stream  basin  with  some  of  the  most 
mature  forest  on  St.  John  (Fig.  1).  Uncommon 
migrant  species,  such  as  Blue-winged,  Black- 
throated  Blue,  and  Black-throated  Green  war¬ 
blers,  also  were  recorded  on  this  trail.  Amer¬ 
ican  Redstart,  Northern  Parula,  and  Black- 
throated  Blue  Warbler  were  observed  on  Trail 
13,  a  continuation  of  Trail  23  that  follows  a 
north-flowing  stream  basin  through  similar 
habitat  (Fig.  1)  ending  at  Maho  Bay.  Ameri¬ 
can  Redstart  and  Northern  Parula  also  were 
recorded  on  Trail  22,  which  traverses  ravine 


habitat  NW  from  Reef  Bay  (Fig.  1).  Prairie 
Warbler  was  recorded  on  Trails  4  and  27,  both 
dry  ridge  trails  with  scrubby  forest.  The  only 
other  migrant  observed  on  these  two  trails  was 
the  rare  Cape  May  Warbler. 

Long-term  Trends. — The  relative  abun¬ 
dance  of  Zenaida  Dove,  Common  Ground- 
Dove,  Smooth-billed  Ani,  and  Black-faced 
Grassquit  was  significantly  less  ( P  <  0.05)  in 
2006  than  in  1957  (Table  5).  These  four  spe¬ 
cies  prefer  open,  edge,  or  successional  habi¬ 
tats  (Askins  and  Ewert  1991).  The  relative 
abundance  of  Lesser  Antillean  Bullfinch  in¬ 
creased  (P  =  0.007). 

DISCUSSION 

Habitat  Associations. — Resident  species 
dominated  the  bird  community  of  St.  John. 
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Only  two  of  the  17  species  of  neotropical  mi¬ 
grants  ranked  among  the  10  most  frequently 
detected  species.  The  migrant  bird  community 
was  similar  to  that  of  dry  forest  in  Puerto  Rico 
where  individuals  exhibit  high  site  fidelity 
(Faaborg  et  al.  2007).  None  of  the  species  we 
observed  had  a  significant  affiliation  with  hab¬ 
itat  type  on  FIA  plots  even  though  evidence 
from  previous  studies,  and  from  our  point 
counts  on  NPS  trails,  suggests  that  migrants 
tend  to  be  more  frequent  in  moist  forest.  As- 
kins  and  Ewert  (1991)  reported  flocks  of  win¬ 
tering  songbirds  were  most  frequent  in  moist 
forest  on  St.  John,  whereas  residents  tended 
not  to  prefer  any  forest  type.  The  relative 
abundance  of  migrants  in  the  Bahamas  in¬ 
creased  with  increasing  annual  rainfall  and 
was  higher  in  moist  rather  than  dry  lowland 
forests  on  Greater  Antillean  islands  (Wunderle 
and  Waide  1993).  Arendt  (1992)  found  most 
migrants  on  St.  John  to  be  generalists  with 
only  Black-throated  Green  Warbler,  Magnolia 
Warbler,  and  Ovenbird  failing  to  occur  in  dry 
forests.  The  lack  of  significant  affiliations  in 
our  bird  data  from  FIA  plots  suggests  that, 
given  the  extensive  anthropogenic  and  natural 
changes  in  habitat  on  St.  John,  all  resident 
species  are  generalists  to  some  extent.  Alter¬ 
natively,  our  results  could  be  due  to  small 
sample  size,  since  habitat  was  not  formally 
evaluated  other  than  at  FIA  plots.  The  FIA 
sampling  structure  on  St.  John  is  too  coarse 
to  trace  the  effects  of  environmental  gradients 
on  plant  communities  (Oswalt  et  al.  2006), 
and  we  suspect  the  same  is  true  for  bird  com¬ 
munities. 

The  two  types  of  habitat  differed  greatly  in 
vegetation  characteristics,  some  of  which  cor¬ 
relate  with  a  particular  species  of  bird.  The 
Bridled  Quail-Dove,  for  example,  occurred 
much  more  frequently  in  moist  forest  and  was 
associated  with  high  crown  volume/ha  and  tall 
trees,  i.e.,  mature  forest  (Table  2).  This  sup¬ 
ports  earlier  findings  that  intact  moist  forests 
of  St.  John,  particularly  in  VINP,  may  sustain 
one  of  the  most  important  populations  of  Bri¬ 
dled  Quail-Dove.  This  formerly  common  and 
widespread  resident  in  the  USVI  and  Lesser 
Antilles  now  persists  in  only  scattered  rem¬ 
nant  populations  (Seaman  1966,  Wauer  and 
Wunderle  1992,  Pregill  et  al.  1994,  Reis  and 
Steadman  1999).  Tree  height  was  reported  to 
have  a  positive  effect  also  on  the  abundance 


of  winter-resident  birds  on  St.  John  as  well  as 
on  St.  Thomas  (Askins  et  al.  1992). 

The  strong  preference  of  many  migrants  for 
a  few  trails  likely  reflects  an  affinity  for  ma¬ 
ture,  moist  forest.  Eight  migrant  species 
(Northern  Parula,  Blue-winged  Warbler, 
Black-throated  Blue  Warbler,  Black-throated 
Green  Warbler,  Black-and-white  Warbler, 
American  Redstart,  Worm-eating  Warbler,  and 
Hooded  Warbler)  were  associated  with  the 
three  trails  (13,  22,  23)  in  VINP  that  host  the 
most  mature  moist  forest.  Prairie  Warbler  and 
Cape  May  Warbler  were  affiliated  with  dry 
ridge  trails  in  scrubby  forest.  Management  of 
VINP  to  conserve  mature  forest  and  to  main¬ 
tain  a  mosaic  of  both  dry  and  moist  forest 
habitat  should  benefit  a  broad  range  of  mi¬ 
grant  species. 

Vegetation  Structure  and  Composition. — 
Vegetation  structure  is  an  important  factor  af¬ 
fecting  distribution  and  abundance  of  birds  on 
West  Indian  islands  (e.g.,  Tossas  and  Thom- 
linson  2007).  The  Scaly-naped  Pigeon’s  sig¬ 
nificant  positive  association  with  canopy  cov¬ 
er  is  not  surprising  for  a  primarily  arboreal 
species  (Raffaele  et  al.  1998).  The  Caribbean 
Elaenia’s  negative  correlation  with  basal  area 
and  strong  positive  relationship  with  above¬ 
ground  biomass  support  our  field  observations 
that  this  vocal,  widespread  species  favors  hab¬ 
itat  with  a  dense  shrub  layer  more  than  mature 
forest.  Above-ground  biomass  is  closely  re¬ 
lated  to  sterh  density,  a  significant  factor  in 
how  forests  on  St.  John  respond  to  natural  dis¬ 
turbances,  and  also  influences  avian  distribu¬ 
tions  elsewhere  in  the  Caribbean  (Reilly  1991, 
Currie  et  al.  2005). 

Negative  correlations  between  plants  and 
birds  (Table  4)  are  difficult  to  interpret  without 
relating  them  to  structure  of  the  associated 
plant  community.  Positive  correlations  also 
can  lack  obvious  explanation,  such  as  that  of 
the  bromeliad  Bromelia  pinguin  (Bromeli- 
aceae)  with  Scaly-naped  Pigeon,  Prairie  War¬ 
bler,  and  Ovenbird.  Bromeliad  fruit  has  little 
palatability  to  birds,  but  may  attract  insects 
sought  by  the  two  parulids.  The  positive  cor¬ 
relation  between  the  vine  Jacquemontia  pen- 
tanthos  (Convolvulaceae)  and  Ovenbird  may 
reflect  only  that  J.  pentanthos  is  an  indicator 
of  good  Ovenbird  habitat,  but  does  not  supply 
any  direct  resources  to  the  bird. 

Positive  correlations  that  may  suggest  pre- 
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ferred  frugivory  would  be  the  shrubs/trees 
Guettarda  odorata  (Rubiaceae)  with  Bridled 
Quail-Dove,  and  Myrciaria  floribunda  (Myr- 
taceae)  with  Pearly-eyed  Thrasher.  The  signif¬ 
icant  associations  between  the  shrubs/trees 
Eugenia  rhombea  (Rubiaceae)  and  Yellow 
Warbler,  and  Rondeletia  pilosa  (Rubiaceae) 
with  American  Redstart,  may  be  related  to 
both  frugivory  and  insectivory.  The  positive 
correlation  with  the  Bananaquit  and  the  shrub/ 
tree  Capparis  hastate  (Capparaceae)  might  re¬ 
flect  nectarivory,  whereas  that  with  the  Black¬ 
faced  Grassquit  is  unlikely  to  be  related  to 
feeding,  as  seeds  of  C.  hastate  are  too  large 
for  the  granivorous  grassquit  to  consume.  The 
grassquit  eats  mainly  grass  seeds  at  forest  edg¬ 
es,  and  its  correlation  with  C.  hastate  probably 
is  because  this  shrub/tree  tends  to  grow  at 
edges. 

Short-term  Changes. — The  difference  in 
number  of  registrations  between  2005  and 
2006  is  a  result  of  more  records  of  resident 
birds,  particularly  Grey  Kingbird,  which  in¬ 
creased  from  0.90  to  3.13  birds/point.  One  ad¬ 
vantage  of  using  of  multi-year  studies,  such  as 
ours,  over  single-year  surveys  is  to  highlight 
such  fluctuations.  The  Grey  Kingbird  is  an 
“interisland-migrant”  as  some  individuals  mi¬ 
grate  to  islands  such  as  St.  John  after  breeding 
on  other  islands,  whereas  others  probably  are 
permanent  residents  in  USVI  (Arendt  1992). 
The  number  of  wintering  resident  insectivores 
and  omnivores,  such  as  Grey  Kingbirds,  tends 
to  fluctuate  in  the  Virgin  Islands  and  may  be 
linked  to  rainfall  (Faaborg  et  al.  1984).  It  is 
also  possible  that  delayed  migration  in  2006 
may  have  led  to  counts  of  Grey  Kingbirds  that 
were  inflated  by  the  presence  of  both  migrants 
and  winter  residents. 

Long-term  Community  Changes. — Changes 
in  land-use  on  St.  John  since  most  plantation 
farming  ended  in  the  1850s  (Dookhan  1994, 
MacDonald  et  al.  1997)  undoubtedly  have 
contributed  to  trends  in  resident  and  migrant 
landbirds.  In  particular,  the  large  area  of  ma¬ 
turing  forest  on  St.  John  controlled  by  the 
NPS  makes  this  area  important  for  migrant 
landbird  conservation  (Arendt  1992).  Askins 
and  Ewert  (1991)  attributed  the  decreased 
abundances  of  Scaly-naped  Pigeon,  Antillean 
Crested  Hummingbird,  and  Northern  Parula 
between  1987  and  1990  to  the  impact  of  Hur¬ 
ricane  Hugo  in  1989.  This  suggests  that  hab¬ 


itat  associations  and  changes,  caused  by  both 
anthropogenic  and  natural  events,  may  pro¬ 
vide  effective  explanations  for  migratory  and 
resident  bird  abundance  on  St.  John. 

We  examined  differences  between  bird  spe¬ 
cies  occurrence,  vegetation  structure,  and 
plant  species  occurrence  in  the  two  different 
habitat  types  to  assess  the  importance  of  gen¬ 
eralized  habitat  associations.  None  of  the 
long-term  changes  was  statistically  significant 
with  the  Bonferroni  adjustment  for  26  species, 
but  the  trends  we  found  help  clarify  the  effects 
of  conservation  activities  that  have  occurred 
on  St.  John  since  the  creation  of  VINP  in 
1956.  The  only  near-significant  historical 
trend  (1957-2006)  for  migrants  was  a  decline 
of  Black- throated  Blue  Warblers  (Table  5). 
This  decline  could  be  important  for  the  mi¬ 
grant  community  as  this  species  has  been 
shown  to  be  a  core  species  for  organization  of 
mixed  winter  flocks  on  other  Caribbean  is¬ 
lands  (Eaton  1953).  Low  overall  abundance  of 
Black-throated  Blue  Warblers  on  St.  John  is 
typical  of  numbers  recorded  in  the  British  Vir¬ 
gin  Islands  from  1994  to  2004  (Boal  et  al. 
2006).  The  Cape  May  Warbler  was  regarded 
as  a  fairly  common  winter  resident  in  the  Vir¬ 
gin  Islands  in  the  late  1970s  (Norton  1979), 
but  now  is  rare  (Boal  et  al.  2006).  However, 
sample  sizes  for  both  species  are  too  low  to 
draw  strong  conclusions. 

Among  residents,  Zenaida  Dove,  Common 
Ground-Dove,  Smooth-billed  Ani,  and  Black¬ 
faced  Grassquit  have  declined  in  relative 
abundance  since  establishment  of  VINP.  This 
is  probably  due  to  the  increasing  maturity  of 
forest  in  and  near  the  Park,  which  limits  the 
habitat  for  these  open  country  species.  Carib¬ 
bean  Elaenia  and  Lesser  Antillean  Bullfinch 
have  increased  in  relative  abundance  during 
the  same  period.  The  Lesser  Antillean  Bull¬ 
finch,  not  present  in  1957,  now  is  among  the 
most  common  resident  species  on  St.  John. 
The  bullfinch  was  first  observed  in  the  USVI 
in  the  1960s,  and  the  first  report  of  nesting  on 
St.  John  was  in  1971-1972  and  on  St.  Croix 
in  1983  (Jaden  1985,  Leek  and  Norton  1991). 
Possible  mechanisms  for  this  range  expansion 
include  transportation  as  pets,  natural  dispers¬ 
al  from  islands  in  the  northern  Lesser  Antilles, 
and  hurricanes  Donna  (1960)  and  Faith  (1966) 
(Raffaele  and  Roby  1977).  Both  Caribbean 
Elaenia  and  Lesser  Antillean  Bullfinch  tend  to 
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inhabit  woodlands  and  shrubby  or  scrubby  ar¬ 
eas  (Raffaele  et  al.  1998).  Their  increased  rel¬ 
ative  abundance  may  reflect  increased  second¬ 
ary  growth  as  areas  in  VINP  that  were  once 
residential  or  agricultural  revert  to  forest. 

CONSERVATION  IMPLICATIONS 
The  establishment  of  Virgin  Islands  Nation¬ 
al  Park  appears  to  leave  most  of  the  resident 
and  migratory  bird  species  of  St.  John  in  a 
secure  position.  The  forests  of  protected  ra¬ 
vines  in  the  center  of  the  island  should  con¬ 
tinue  to  provide  habitat  for  most  neotropical 
migrants  and  for  the  Bridled  Quail-Dove, 
which  occur  more  abundantly  in  mature,  moist 
forest.  The  drier  ridges  that  are  more  exposed 
to  hurricanes  will  continue  to  provide  habitat 
for  species  that  prefer  drier,  more  stunted  for¬ 
ests.  Most  species  of  open  habitats  remain  in 
large  numbers  on  parts  of  the  island  where 
humans  live  (DWS  and  SKR,  pers.  obs.).  The 
avian  conservation  outlook  for  St.  John  is. 
bright. 
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ABSTRACT. — We  provide  an  inventory  of  the  avifauna  of  the  Pongos  Basin,  northern  Amazonas  Department, 
Peru  based  on  museum  specimens  collected  during  expeditions  spanning  >60  years  within  the  20th  century. 
Four  hundred  and  thirty-eight  species  representing  52  families  are  reported.  Differences  between  lowland  and 
higher  elevation  avifaunas  were  apparent.  Species  accounts  with  overviews  of  specimen  data  are  provided  for 
four  species  representing  distributional  records,  two  threatened  species,  and  26  species  of  Nearctic  and  Austral 
migrants,  of  which  six  are  considered  probable  migrants.  Received  25  October  2007.  Accepted  7  June  2008. 


A  distinctive  feature  of  the  Peruvian  Andes 
is  the  frequent  presence  of  ‘pongos’,  Gr  water 
gaps,  which  are  transverse  openings  in  moun¬ 
tain  ridges  caused  by  tectonic  activity.  In 
some  instances,  rivers  cut  through  sufficiently 
high  uplifted  areas  to  create  valleys  of  consid¬ 
erable  amplitude.  The  highest  concentration  of 
pongos  in  Peru  is  in  northern  Amazonas  De¬ 
partment  (Fig.  1),  an  area  that  geologists  have 
aptly  named  the  ‘Pongos  Basin’  (Cobbing  et 
al.  1981).  The  basin  consists  of  a  system  of 
mesic  valleys  separated  by  relatively  low 
ridgelines;  the  valleys  are  drained  by  north- 
south  and  south-north  flowing  rivers  that  enter 
the  Maranon  River  as  it  flows  toward  the 
northeast.  The  basin  is  continuously  bathed  by 
humidity  from  the  Amazon,  and  the  dominant 
vegetation  is  humid  lowland  tropical  forest. 
The  valleys  that  form  the  adjacent  upper  Ma¬ 
ranon  drainage  to  the  southwest,  as  well  as  the 
downstream  middle  Huallaga-Mayo  Valley 
drainages  to  the  east,  are  covered  with  dry  for¬ 
est.  The  Pongos  Basin  serves  as  a  corridor  for 
humid  forest  birds  to  cross  the  less  restrictive 
narrows  of  the  Maranon  provided  by  the  pon- 
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gos.  The  area  is  occupied  primarily  by  humid- 
forest  species  with  affinities  to  Amazonian 
faunas  rather  than  dry  forest  species. 

This  region  can  be  difficult  to  work  in  due 
to  territoriality  by  indigenous  Jivaro-speaking 
people,  represented  by  the  Aguaruna  and 
Huambisa  Amerindians.  More  recently,  peri¬ 
odic  armed  conflicts  between  Peru  and  Ecua¬ 
dor  have  also  contributed  to  dangerous  work¬ 
ing  conditions  (Palmer  1997,  Landmine  Mon¬ 
itor  2005).  Some  ornithological  work  has  oc¬ 
curred  in  the  region  despite  the  potential  for 
adverse  working  conditions.  Some  of  the  most 
successful  avian  studies  were  conducted  in 
tandem  with  anthropological  studies  (e.g., 
Berlin  and  O’Neill  1981,  Berlin  et  al.  1981, 
Berlin  and  Berlin  1983,  Boster  et  al.  1986). 

Ornithological  work  in  this  region  has  pri¬ 
marily  focused  on  single-species  studies,  in¬ 
cluding  descriptions  of  new  species  (e.g., 
Lowery  and  O’Neill  1964)  and  breeding  bi¬ 
ology  (e.g.,  Dauphine  et  al.  2007).  Some  gen¬ 
eral  surveys  were  accomplished  for  threatened 
taxa  (Davies  et  al.  1997),  but  comprehensive 
community-level  studies  are  entirely  lacking. 
Our  objectives  are  to:  (1)  provide  a  compre¬ 
hensive  inventory  of  the  region’s  avifauna,  (2) 
compare  highland  versus  lowland  avifaunas, 
and  (3)  provide  natural  history  accounts  for 
distributional  records,  threatened  taxa,  and  mi¬ 
grants,  based  on  museum  specimen  data. 

METHODS 

Description  of  the  Study  Region. — The 
study  area  comprises  the  entire  Pongos  Basin. 
Sixteen  pongos  exist  along  the  Rio  Maranon 
between  Pongo  de  Rentama  (upstream  from 
Pomara)  and  Pongo  de  Manseriche  (a  short 
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distance  downstream  from  the  Maranon/San- 
tiago  confluence).  To  the  west  the  basin  is  cir¬ 
cumscribed  by  distinct  biogeographic  bound¬ 
aries:  Cordillera  de  Colan,  a  high  (3,000+  m) 
mountain  area  to  the  southwest;  Pongo  de 
Rentama,  which  creates  a  rapid  transition 
from  the  dry  Tumbesian  upper  Maranon  Val¬ 
ley  to  wet  Amazonian  forest;  Cordillera  del 
Condor,  a  high  (2,200+  m)  mountain  area  that 
forms  a  natural  border  with  Ecuador  for  most 
of  its  extension;  and  Pongo  Paute,  which  sep¬ 
arates  the  Cordillera  del  Condor  from  the  Ec¬ 
uadorian  Cordillera  de  Cutucu,  divided  by  the 
Santiago  River.  The  Cordillera  Campanquiz,  a 
relatively  low  (1,800  m)  mountain  chain, 
forms  the  eastern  border  of  Amazonas  De¬ 
partment  and  is  bisected  by  the  Maranon  Riv¬ 
er  at  Pongo  de  Manseriche.  The  Campanquiz 
Range  is  less  of  a  biogeographic  barrier  than 
the  other  ranges,  but  these  mountains  may  act 
as  a  filter  for  certain  lowland  species  (e.g., 
varzea  specialists)  entering  the  Pongos  Basin. 

The  principal  area  studied  comprises  habi¬ 
tats  to  an  upper  elevation  limit  of  900  m, 
known  as  the  humid  tropical  zone  (Parker  et 
al.  1982)  with  lowland  terra  firme  forest  cov¬ 
ering  most  of  the  study  region.  We  also  report 
on  a  small  collection  of  bird  specimens  from 
the  western  slope  of  the  Campanquiz  Range 
as  a  basis  for  comparing  the  avifaunal  com¬ 
munities  of  the  upper  and  lower  humid  trop¬ 
ical  zones  in  this  region. 

History  of  Ornithological  Fieldwork. — This 
region  was  the  focus  of  one  of  the  earliest 
attempts  of  exploration  and  colonization  in 
Peru  (Ulloa  and  Ulloa  1806),  but  our  study 
area  remained  neglected  by  scientific  explor¬ 
ers  until  —80  years  ago,  mainly  due  to  con¬ 
flicts  with  native  Amerindians.  The  first  ex¬ 
pedition  into  the  area  was  led  by  Harry  Wat¬ 
kins,  who  collected  for  the  American  Museum 
of  Natural  History  (AMNH)  at  Pomara  during 
1923  to  1924.  Another  relatively  small  collec¬ 
tion  was  amassed  by  Jose  Schunke  during 
1928  to  1930  near  the  mouths  of  the  Cenepa 
and  Santiago  rivers  (now  part  of  AMNH’s 
Bassler  Collection). 

A  new  impetus  for  collecting  in  the  area 
was  provided  in  the  early  1960s  by  the  dis¬ 
covery  of  the  Orange-throated  Tanager  (Wet- 
morethraupis  sterrhopteron )  among  a  small 
collection  of  bird  skins  prepared  by  Aguaruna 
Amerindians  and  given  to  missionary  Mildred 


Larsen  (Lowery  and  O’Neill  1964).  In  1964, 
missionaries  Jeanne  Grover  and  Martha  Jak- 
way  invited  JPO  and  John  Farrand  Jr.  on  an 
expedition  to  accompany  them  to  find  Wet- 
morethraupis  in  nature.  That  effort  led  JPO  to 
undertake  additional  expeditions  there,  along 
with  Louisiana  State  University  Museum  of 
Zoology  (LSUMZ)  staff  and  graduate  students 
in  1968,  1973  to  1974,  and  1977  to  1980.  Pe¬ 
ter  Hocking,  collecting  for  the  Field  Museum 
of  Natural  History  (FMNH),  explored  the 
Santiago  Basin  during  1965  to  1966,  and 
again  during  1972  to  1974.  The  Museum  of 
Vertebrate  Zoology,  University  of  California- 
Berkeley  (MVZ)  led  an  expedition  near  Naz¬ 
areth  in  1970,  and  a  joint  LSUMZ  and  MVZ 
expedition  in  which  MSF  participated  visited 
the  Huampami  area  in  1977.  The  first  all-Pe¬ 
ruvian  expedition,  Museo  de  Historia  Natural, 
Lima  (MUSM)  collected  at  Falsa  Paquisha  in 
1987,  exploring  the  area  around  a  newly  es¬ 
tablished  military  base  in  the  remote  upper 
Cenepa  Basin. 

Data  Compilation. — Available  data  (locali¬ 
ty,  dates,  and  gender  in  most  cases)  for  all 
specimens  from  the  localities  in  the  Gazetteer 
(Fig.  1)  were  obtained  from  the  respective 
museums  in  which  the  specimens  were 
housed;  the  data  were  tabularized  and  con¬ 
densed  to  an  applicable  format.  Questions  that 
arose  regarding  identification  or  data  were  re¬ 
solved  through  direct  examination  of  speci¬ 
mens,  generally  by  at  least  one  of  the  authors. 
Specimens  housed  at  LSUMZ  were  partly  ex¬ 
amined  by  JPO,  TM,  and  DMB.  Specimens  at 
MVZ  were  examined  by  MSF.  Specimens  at 
MUSM  were  partly  examined  by  IF,  JPO,  and 
TM.  Specimens  at  AMNH  and  FMNH  were 
partly  examined  by  TM.  Specimens  at  Hous¬ 
ton  Museum  of  Natural  Science  (HMNS)  were 
examined  by  DMB,  ND,  and  TM.  For  consis¬ 
tency  we  follow  taxonomy  of  Gill  and  Wright 
(2006)  despite  some  accepted  changes  since 
that  publication. 

Species  Accounts. — We  obtained  known 
elevational  ranges  of  the  Pongos  Basin  species 
from  Hilty  and  Brown  (1986),  Fjeldsa  and 
Krabbe  (1990),  Stotz  et  al.  (1996),  and  Schu- 
lenberg  et  al.  (2007)  and  compared  them  to 
elevations  at  collecting  sites.  Basic  biological 
information  (e.g.,  mass,  breeding  condition, 
etc.)  was  available  for  some  of  the  specimens. 
However,  because  of  its  magnitude,  lack  of 
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FIG.  1.  Pongos  Basin  of  northern  Amazonas,  Peru  showing  localities  where  specimens  were  collected.  Inset 
shows  the  location  of  the  Pongos  Basin  within  Peru.  Map  created  by  Lars  Pomara  with  elevation  and  topographic 
data  provided  by  USGS  (2004).  Gazetteer:  Numbers  refer  to  locations  on  the  map  (m  asl  in  parentheses  following 
each  site).  1:  Falsa  Paquisha-PV  22  (810);  2:  Calavera  (-400),  Entsa  Maik  (-400),  Kanam  (-400),  Shaim 
(-400),  Sua  Maik  (-400),  Sugkas  (-400);  3:  Cerro  Guadalupe — S  of  Pongo  Mori  (-300-900);  4:  Bashuim 
(400);  5:  Kusu  (-250),  Quebrada  Achunts  (-250),  Quebrada  Pagkits  (-250);  6:  Rio  Kagka  headwaters  (800- 
900);  7:  vicinity  of  Shimpunts  (-300);  8:  vicinity  of  Chavez  Valdivia  (250),  Chigkanentsa  (-250),  vicinity  of 
Pongo  Sajino  (250);  Rfo  Kagka— near  mouth  (250);  9:  Muchigentsa  (230),  Pagat  (-250);  10:  Kumpinentsa 
(-250);  11:  Aintani  (-250);  Etseketaientsa  (-250),  Huampami  (213-250),  Najem  (250);  12:  San  Antonio 
(-250);  13:  Suwa  (-250);  14:  Tutinum  (-250);  15:  Boca  Cenepa  (250);  16:  Chicais  (350);  17:  Wawik  (300); 
18:  Rio  Kusu— Maranon  (300),  Chipi  (300);  19:  23  km  NE  Chiriaco  (305);  20:  Nazareth  (300);  21:  4  km  SW 
Chiriaco  (500),  7  km  SW  Chiriaco  (325),  10  km  SW  Chiriaco  (457),  11  km  SW  Chiriaco  (325);  22:  13  km  SW 
Chiriaco  (350),  15  km  SW  Chiriaco  (350),  19  km  SW  Chiriaco  (-350),  20  km  SW  Chiriaco  (350-567),  19  km 
SSW  Nazareth  (367);  23:  38  km  SW  Chiriaco  (450),  45  km  SW  Chiriaco  (325),  Corral  Quemado-Nazareth 
Hwy.— km  381.4  (280-300);  24:  Pomara  (400);  25:  43  km  NE  Chiriaco  (320-350);  26:  79  km  NE  Chiriaco 
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uniformity  among  collectors,  and  absence 
from  some  of  the  museums’  electronic  data 
bases,  we  report  biological  information  only 
for  species  of  special  interest.  Accounts  are 
provided  for  distributional  records  of  selected 
taxa,  as  well  as  species  of  conservation  con¬ 
cern  (designated  by  Birdlife  International 
2006)  as  information  about  vulnerable  species 
may  contribute  to  their  protection.  We  also 
provide  information  on  both  Nearctic  and 
Austral  migrant  species  as  designated  by 
Chesser  (1994),  Stotz  et  al.  (1996),  and  Ridge- 
ly  and  Greenfield  (2001).  Many  migrant  spe¬ 
cies  are  well  known  in  breeding  areas  but  in¬ 
formation  on  their  winter  distributions  and  bi¬ 
ology  is  limited.  Parametric  biological  data  for 
species  accounts  were  obtained  from  data  ba¬ 
ses  or  gleaned  directly  from  specimen  data 
tags  by  TM.  We  use  the  term  “ossified”  to 
refer  to  the  condition  of  the  skull  as  an  indi¬ 
cation  of  age  because  of  its  pervasiveness  in 
the  literature  and  on  museum  specimen  labels. 

RESULTS  AND  DISCUSSION 

Localities. — We  considered  specimens  from 
66  sampling  sites  with  coordinates  and  seven 
additional  generic  localities  for  a  total  of  73 
sites  (Fig.  1).  The  sampling  sites  with  coor¬ 
dinates  were  combined  into  36  groups  based 
upon  close  geographic  proximity  (Fig.  1).  Ge¬ 
neric  localities,  such  as  a  river  or  basin,  lacked 
any  reference  to  the  exact  location. 

Species  Richness. — Four  hundred  and  thir¬ 
ty-eight  species  in  52  families  are  presented 
(Appendix)  from  the  —4,000  specimens  from 
the  humid  tropical  zone  region,  most  of  which 
are  housed  at  LSUMZ.  Additionally,  there 
were  36  specimens  (25  species  in  14  families) 
from  the  humid  upper  tropical  zone  region 
(Campanquiz;  1,148  m).  An  additional  nine 
specimens  could  not  be  identified  to  species 
level,  and  were  excluded  from  analyses. 

In  contrast,  Berlin  et  al.  (1981)  found  —160 
species  during  an  ethno-zoological  coding 
study,  although  they  suggested  the  region 


could  harbor  as  many  as  500  species.  Ted 
Parker  found  210  predominantly  Amazonian 
bird  species  during  only  a  few  days  of  surveys 
(27  Jul  to  1  Aug  1993)  at  nearby  Miazi,  Ec¬ 
uador  in  the  Cordillera  del  Condor  at  the  up¬ 
per  limit  of  the  humid  tropical  zone  (Schulen- 
berg  and  Awbrey  1997).  The  present  review, 
in  which  we  report  two  to  three  times  as  many 
species  as  other  nearby  studies,  reflects  field 
work  covering  more  seasons  and  sites. 

The  Campanquiz  Highlands. — Thirty-six 
specimens  representing  21  species  were  col¬ 
lected  during  25-26  July  1964  and  17—20  No¬ 
vember  1979  from  the  Campanquiz  Range. 
All  but  one  species  were  collected  along  the 
ridge;  two  female  Nothocrax  were  collected  at 
350  m  (Appendix).  It  is  possible  these  two 
curassows  were  collected  en-route  to  or  from 
the  higher  site.  Only  three  species  present  at 
the  higher  elevation  were  absent  from  the  low¬ 
er  regions:  Russet  Antshrike  ( Thamnistes  an- 
abatinus),  Grey-breasted  Wood  Wren  ( Heni - 
corhina  leucophrys),  and  Golden  Tanager 
( Tangara  arthus)  (Appendix).  Swainson’s 
Thrush  ( Catharus  ustulatus\  LSUMZ  93066, 
17  Nov  1979)  is  the  only  migrant  species  col¬ 
lected  from  the  Campanquiz  Range. 

Only  a  few  days  of  collection  at  the  Cam¬ 
panquiz  highland  site  yielded  21  species,  but 
only  three  species  were  unique  to  this  higher 
elevation  site.  Tom  Schulenberg  and  Walter 
Wust  recorded  208  species  during  3  weeks  (14 
Jul  to  7  Aug  1994)  of  bird  surveys  at  higher 
elevations  (1,100-2,100  m)  along  the  Peru¬ 
vian  side  of  the  Cordillera  del  Condor  (Schu¬ 
lenberg  and  Awbrey  1997).  Forty-four  of 
these  208  species  were  found  exclusively  at 
upper  elevations,  and  were  not  recorded  at 
lower  elevations  surveyed  by  Ted  Parker  in 
Ecuador  (Schulenberg  and  Awbrey  1997). 
Their  44  species  versus  our  much  lower  num¬ 
ber  of  three  species  is  likely  the  result  of  dif¬ 
ferences  in  elevation  of  the  sites  (and  associ¬ 
ated  habitats)  surveyed. 

Elevation  Records. — We  report  20  new  low 


(305);  27:  81  km  NE  Chiriaco  (-320),  85  km  NE  Chiriaco  (320),  86  km  NE  Chiriaco  (-320);  28:  Urakusa 
(250),  3.2  km  W  Urakusa  (250);  29:  Chiangkus  (-250);  30:  Kigkis  (250);  31:  Santa  Maria  de  la  Nieva  (200); 
32:  Campanquiz  (1,148);  33:  Boca  Santiago  (200);  34:  La  Poza  (180),  Puerto  Galilea  (200-245);  35:  Betel  (200), 
Caterpiza  (200),  Villa  Gonzalo  (200);  36:  Chosica  (200).  General  localities  (no  coordinates):  Cenepa/Comainas 
Basin,  Cenepa/Santiago  Basin,  Rio  Cenepa,  Rio  Cenepa-upper,  Rio  Comainas,  Rio  Maranon,  and  Rio  Santiago. 
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elevation  records  and  eight  new  high  elevation 
records  (Table  1 ).  Many  changes  in  elevation- 
al  range  were  significant.  Species  for  which 
the  lower  elevation  limit  decreased  by  at  least 
600  m  include  White-throated  Quail-Dove 
(Geotrygon  frenata)  and  Slaty  Antwren  ( Myr - 
motherula  schisticolor).  The  upper  elevation 
limit  of  eight  species  increased  and  seven  of 
these  records  (87.5%)  were  based  on  speci¬ 
mens  collected  at  the  Campanquiz  (1,148  m) 
site. 

Of  the  25  species  collected  at  Campanquiz, 
33%  represented  upper  elevation  records.  This 
emphasizes  the  importance  of  including  sam¬ 
ples  from  this  area  to  enhance  understanding 
the  role  of  elevation  in  affecting  avifaunal 
community  structure  in  this  region.  The  Cam¬ 
panquiz  Range  is  extremely  isolated  in  a  rel¬ 
atively  homogeneous  landscape  of  lowlands, 
and  many  individuals  from  lower  elevations 
may  regularly  pass  over  the  ridge  (which  is  as 
low  as  385-421  m  in  some  areas),  going  east 
or  west,  or  through  the  Pongo  de  Manseriche. 
The  small  amount  of  cloud  forest  at  the  top 
of  the  ridge  would  not  likely  present  a  barrier 
to  lowland  species  and  would  not  likely  attract 
many  upper  zone  tropical  species. 

Distribution  Records. — We  report  important 
distributional  records  for  four  species  at  the 
levels  of  region  (i.e.,  Amazonia),  country  or 
Department.  Catalog  numbers  provided  in 
each  account  represent  specimens  containing 
data.  These  records  support  the  need  for  ad¬ 
ditional  exploration  of  little  known  areas  and 
suggest  additional  species  are  likely  to  be  re¬ 
corded  from  Peru. 

Pied-billed  Grebe  ( Podilymbus  podiceps). 
This  specimen  is  of  the  resident  subspecies  P. 
p.  antarcticus  (S.  Cardiff  in  litt.)  and  appears 
to  be  the  only  record  for  the  central  (Restall 
et  al.  2007)  or  western  (Hilty  and  Brown 
1986,  Ridgely  and  Greenfield  2001,  Schulen- 
berg  et  al.  2007)  Amazon  Basin.  This  also 
represents  the  first  record  for  Amazonas  De¬ 
partment.  This  specimen  (LSUMZ  98965),  a 
male  (testes  =  7X4  mm),  may  be  a  vagrant 
from  the  adjacent  Andes  (T.  S.  Schulenberg  in 
lilt.),  and  was  collected  on  7  February  1980 
at  Caterpiza  (200  m). 

Black-faced  Hawk  ( Leucopternis  melan- 
ops).  The  first  specimen  for  Peru  was  a  female 
(AMNH  255077)  collected  on  28  November 
1925  at  Boca  Curaray,  Loreto  Department. 


Two  specimens  included  in  our  study  repre¬ 
sent  the  second  and  third  specimens  for  the 
country,  and  the  first  two  specimens  for  Ama¬ 
zonas  Department  (T.  S.  Schulenberg  in  litt.). 
Two  adult  (skulls  100%  ossified)  females 
(ovary  =  1  mm  in  one,  smooth  in  the  other; 
MVZ  165098,  LSUMZ  84289)  were  collected 
on  3  and  6  August  1977.  The  stomach  of  one 
contained  a  snake;  Orthopter-ans  and  other  in¬ 
sects  were  found  in  the  other  stomach.  These 
specimens  had  masses  of  310  and  345  g  with 
no  fat,  and  both  were  collected  at  Huampami 
(210  m). 

Rufous  Potoo  ( Nyctibius  bracteatus).  The 
first  specimen  for  Peru  (AMNH  231045)  was 
collected  in  1937  at  Apayacu,  Loreto  Depart¬ 
ment  (Alvarez-Alonso  and  Whitney  2003).  A 
specimen  included  in  our  .study  represents  the 
second  specimen  for  the  country  and  the  first 
specimen  for  Amazonas  Department  (T.  S. 
Schulenberg  in  litt.).  The  adult  (skull  ossified) 
male  (testes  =  5  X  2.5  mm;  LSUMZ  87299) 
had  a  mass  of  48  g  with  little  fat,  and  had 
insect  remains  in  its  stomach  including  beetle 
parts;  it  was  collected  on  5  August  1978  at 
Huampami  (213  m). 

White-lored  Antpitta  ( Hylopezus  fulviven- 
tris).  This  specimen  represents  the  first  spec¬ 
imen  for  Peru  and  Amazonas  Department  (T. 
S.  Schulenberg  in  litt.).  The  single  adult  (skull 
ossified)  male  (testes  =  ~6  X  2.5  mm; 
LSUMZ  88072)  had’a  mass  of  54  g  with  little 
fat,  and  was  collected  on  10  July  1978  at 
Huampami  (230  m). 

Threatened  Species. — Two  Vulnerable 
(Birdlife  International  2006)  species  were  re¬ 
corded. 

Spot-winged  Parrotlet  ( Touit  stictopterus). 
Status:  Vulnerable.  This  species  was  repre¬ 
sented  by  a  single  female  (AMNH  185573) 
collected  on  15  July  1924  near  Pomara  (400 
m).  The  single  specimen  was  collected  more 
than  80  years  ago,  well  before  rampant  pet 
bird  trade  diminished  parrot  populations 
throughout  the  Neotropics  (cf.  Brooks  et  al. 
2005).  These  small  parakeets  seem  to  prefer 
forest  ridges  (1,000—2,000  m)  with  poor  soil 
and  stunted  vegetation,  a  habitat  that  is  more 
common  to  the  west  in  Cajamarca  Depart¬ 
ment.  They  can  be  fairly  common  in  the  prop¬ 
er  habitat,  although  they  are  mainly  seen  in 
fast  flying  pairs  or  small  groups,  and  are  dif¬ 
ficult  to  collect  (JPO,  unpubl.  data). 


TABLE  1.  Unusual  elevation  ranges  of  avian  species  based  on  specimens  from  the  Pongos  Basin  and  Cordillera  Campanquiz,  Peru. 


Stotz  et  al.  (1996). 

Hilty  and  Brown  (1986). 
Schulenberg  et  al.  (2007). 
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Orange-throated  Tanager  ( Wetmorethraupis 
sterrhopteron).  Status:  Vulnerable.  The  vast 
majority  of  the  54  specimens  (LSUMZ  31457, 
32891-32898,  34387-34422,  35352-35353, 
42901,  48982-48983,  85547,  88971-88973; 
MVZ  165361)  were  prepared  without  data  by 
Aguaruna  Indians,  as  was  the  holotype  (Low¬ 
ery  and  O’Neill  1964).  Of  those  identified  to 
gender,  five  were  males  (Apr:  testes  =  12  X 
7;  Jul:  3X2;  Aug:  2  X  1,  11  X  6  to  7;  and 
Sep:  8X10  mm)  and  four  were  females  (Apr: 
ovary  =  1 1  mm,  largest  ovum  2.5  mm,  brood 
patch;  Jul:  4X2;  and  Aug-Sep:  8  X  5  [«  = 
2]).  Specimens  with  enlarged  cloacal  protu¬ 
berances  in  April,  August,  and  September 
suggest  a  prolonged  breeding  season.  Speci¬ 
mens  were  collected  during  April  ( n  =  3), 
May  (n  =  4),  July  ( n  =  32),  August  (n  =  10), 
and  September  («  =  5).  All  were  collected  in 
1964  except  for  one  in  1963,  two  in  1977,  and 
three  in  1978.  Two  stomachs  contained 
“fruit”  in  April;  one  also  contained  seeds, 
pulp,  and  a  beetle.  Two  females  had  a  mass  of 
54  and  55  g  in  September  and  July,  respec¬ 
tively,  and  a  single  male  had  a  mass  of  56  g 
in  July.  Six  specimens  were  collected  at  Tu- 
tinum  (250  m);  four  at  Kusu  on  Rio  Maranon 
(300  m);  three  each  were  from  Chicais  (350 
m)  and  Nazareth  (300  m);  two  each  from  Bas- 
huim  (400  m),  Chiangkus  (250  m),  Comainas, 
Huampami  (210  m),  Quebrada  Achunts  (250 
m),  and  3.2  km  west  of  Urakusa  (250  m);  and 
single  specimens  were  from  Chavez  Valdivia 
(250  m),  Chipi  (300  m),  Pagat  (250  m),  and 
Suwa  (250  m).  This  species  is  probably  com¬ 
mon  where  it  occurs  (O’Neill  1969;  ND,  un- 
publ.  data),  but  has  a  small  geographic  range 
threatened  by  habitat  destruction.  This  bright 
tanager  is  restricted  in  its  distribution  to  hills 
and  low  mountains  at  —600  m,  but  it  is  not 
uncommon  where  the  habitat  is  minimally  im¬ 
pacted.  It  is  almost  entirely  restricted  to  areas 
inhabited  by  indigenous  Aguaruna  and,  thus, 
not  easily  encountered  by  people  who  are  not 
native  to  the  area  (JPO,  unpubl.  data). 

Migrants. — We  report  14  species  of  Nearc- 
tic  migrants  and  a  single  probable  Nearctic 
migrant,  one  species  with  subspecies  of  both 
Nearctic  and  Austral  migrants,  and  five  spe¬ 
cies  each  for  Austral  migrants  and  probable 
Austral  migrants.  Catalog  numbers  of  speci¬ 
mens  in  each  account  represent  those  contain¬ 
ing  data. 


Blue-winged  Teal  ( Anas  discors).  Status: 
Nearctic  migrant.  Three  female  (ovary  =  16 
X  4,  17  X  7  [not  enlarged],  and  18X6  mm) 
specimens  (LSUMZ  91602-91604)  were  col¬ 
lected  on  14  November  1979  at  La  Poza  (180 
m).  All  three  had  little  fat  and  were  adults 
(skulls  100%  ossified). 

Swallow-tailed  Kite  ( Elanoides  forficatus). 
Status:  probable  Austral  migrant.  This  species 
could  be  a  resident  or  a  Nearctic  or  Austral  mi¬ 
grant  in  Peru,  although  it  is  likely  the  latter  giv¬ 
en  the  date  (T.  S.  Schulenberg  in  litt.).  A  single 
male  specimen  (AMNH  1 85548)  was  collected 
on  17  July  1924  near  Pomara  (400  m). 

Plumbeous  Kite  ( Ictinia  plumbea).  Status: 
probable  Austral  migrant.  Three  specimens 
(LSUMZ  84284,  87141,  91606)  were  collect¬ 
ed  on  15  August  1977,  an  unknown  date  in 
1978,  and  7  August  1979,  respectively.  Col¬ 
lecting  localities  were  Caterpiza  (200  m)  and 
two  sites  along  the  -Rfo  Comainas. 

Purple  Gallinule  ( Porphyria  martinicus). 
Status:  probable  Nearctic  migrant.  This  spe¬ 
cies  is  both  resident  and  migratory  in  Peru  (T. 
S.  Schulenberg  in  litt.),  and  it  is  possible  these 
specimens  represent  migrants.  Eleven  speci¬ 
mens  included  at  least  one  male  (LSUMZ 
98977)  and  six  females  (AMNH  406833; 
LSUMZ  87170,  98975,  98978;  MUSM  5571- 
5572,  5575).  Testes  of  the  male  measured  7 
X  4  mm  on  9  February;  ovaries  of  females 
measured  24  X  7  (4  Nov),  10X5  (29  Jan), 
6  X  2  (4  Feb),  15  X  8  (9  Feb),  and  6  X  3 
mm  (11  Feb).  All  specimens  were  collected 
during  4  November  to  1 1  February;  one  each 
during  1930  and  1978,  and  six  during  the  ear¬ 
ly  1980s.  One  female  had  a  mass  of  210  g  in 
November.  Single  specimens  were  collected 
from  43  km  northeast  of  Chiriaco  (320  m)  and 
Rio  Cenepa,  and  six  were  collected  from  Ca¬ 
terpiza  (200  m). 

American  Golden  Plover  ( Pluvialis  domin- 
ica).  Status:  Nearctic  migrant.  A  single  female 
(ovary  =  6X3  mm;  LSUMZ  91633)  was 
collected  on  22  November  1979  at  La  Poza 
(180  m).  ' 

Spotted  Sandpiper  ( Actitis  macularius).  Sta¬ 
tus:  Nearctic  migrant.  Eleven  specimens  in¬ 
clude  at  least  three  males  (LSUMZ  87194, 
91637;  FMNH  424578)  and  six  females 
(LSUMZ  84321,  87192-87193,  87195- 
87196;  MUSM  1 1929).  Testes  were  1  mm  for 
a  young  male  (skull  20%  ossified)  on  2  No- 
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vember  and  2  mm  for  an  adult  male  (skull 
100%  ossified)  on  23  October.  Ovaries  ranged 
from  7  X  3  to  4  mm  for  three  young  females 
(skulls  10  to  30%  ossified)  to  10  X  2  mm  for 
a  young  female  (skull  30%  ossified)  between 
22  October  and  2  November.  Two  adult  fe¬ 
males  (skulls  100%  ossified)  had  ovaries  rang¬ 
ing  from  6  X  2.5  to  9  X  4  mm  on  15  August 
and  2  November,  respectively.  All  11  speci¬ 
mens  were  collected  during  15  August  to  8 
December,  although  eight  were  collected  be¬ 
tween  22  October  and  2  November.  Six  spec¬ 
imens  were  collected  in  1986,  two  in  1987, 
and  one  each  in  1965,  1977,  and  1979.  A 
young  male  had  a  mass  of  26  g  on  2  Novem¬ 
ber,  four  young  females  ranged  from  28.5  to 
34  g  between  22  October  and  2  November, 
and  two  adult  females  ranged  from  29  to  32 
g  on  15  August  and  2  November,  respectively. 
Two  young  females  had  light  fat  on  2  Novem¬ 
ber,  an  unknown  gender  adult  had  abundant 
fat  on  24  October,  and  an  adult  and  a  young 
female  had  no  fat  on  15  August  and  22  Oc¬ 
tober,  respectively.  Six  specimens  were  col¬ 
lected  43  km  northeast  of  Chiriaco  (320  m), 
two  at  Falsa  Paquisha-PV  22  (810  m),  and 
single  specimens  at  Huampami  (230  m),  Ca- 
terpiza  (200  m),  and  Puerto  Galilea  (245  m). 

Black-billed  Cuckoo  ( Coccyzus  erythropthal- 
mus).  Status:  Nearctic  migrant.  A  single  speci¬ 
men  (LSUMZ  87266)  was  collected  in  1978  in 
the  Rio  Cenepa-Rio  Comaina  drainage. 

Yellow-billed  Cuckoo  ( Coccyzus  american- 
us).  Status:  Nearctic  migrant.  A  single  female 
(AMNH  406982)  was  collected  on  17  Novem¬ 
ber  1929  along  the  Rio  Cenepa. 

Dark-billed  Cuckoo  ( Coccyzus  melcicory- 
phus).  Status:  Austral  migrant.  This  species  was 
represented  by  four  specimens  (HMNS  1548— 
1550;  LSUMZ  87266),  including  a  single  fe¬ 
male  (ovary  =  6X3  mm,  ova  minute)  collected 
on  17  July  1978  at  Huampami  (213  m). 

Grey  Elaenia  ( Myiopagis  caniceps).  Status: 
probable  Austral  migrant.  A  single  male  (tes¬ 
tes  =  2  X  4  mm;  LSUMZ  64399)  was  col¬ 
lected  on  17  July  1968,  4  km  southwest  of 
Chiriaco  (500  m). 

White-crested  Elaenia  ( Elaenia  albiceps). 
Status:  Austral  migrant.  A  single  specimen 
(LSUMZ  85202)  was  collected  on  1 1  August 
1977  at  Shaim  (400  m). 

Western  Wood  Pewee  ( Contopus  sordidu- 
lus).  Status:  Nearctic  migrant.  A  single  adult 


(skull  100%  ossified;  LSUMZ  88359)  with  a 
mass  of  14.5  g  and  light  fat  was  collected  on 
10  November  1978,  86  km  northeast  of  Chi¬ 
riaco  (—320  m). 

Eastern  Wood  Pewee  ( Contopus  virens). 
Status:  Nearctic  migrant.  This  species  was 
represented  by  at  least  three  males  (LSUMZ 
93841;  MUSM  5560,  11972)  and  two  females 
(LSUMZ  93842,  99203).  Testes  were  1  X  0.5 
mm  for  a  young  male  (skull  95%  ossified)  on 
26  October,  and  3X1  mm  for  an  adult  male 
(skull  100%  ossified)  on  28  October.  Two 
adult  females  (skulls  100%  ossified)  had  ova¬ 
ries  measuring  2X4  and  3X6  mm  on  7 
November  and  5  February,  respectively.  Two 
specimens  were  collected  on  26  and  28  Oc¬ 
tober,  a  third  on  7  November,  and  two  on  5 
February.  Two  specimens  each  were  collected 
during  1979  and  1980,  and  one  was  collected 
in  1987.  A  young  male  had  a  mass  of  9  g  on 
26  October,  and  another  (unknown  gender,  no 
date)  was  14.5  g.  A  young  male  had  no  fat  on 
26  October,  an  adult  male  had  moderate  fat  on 
28  October,  and  an  unknown  gender  (no  date) 
had  light  fat.  Three  specimens  were  collected 
at  Caterpiza  (200  m),  and  one  each  at  La  Poza 
(180  m).  Falsa  Paquisha-PV  22  (810  m),  and 
86  km  northeast  of  Chiriaco  (300  m). 

Alder  Flycatcher  ( Empidonax  alnorum). 
Status:  Nearctic  migrant.  Eleven  specimens 
included  four  males  (LSUMZ  78745—78746, 
88361,  93844)  and  seven  females  (LSUMZ 
88360,  93843,  99197,  99199;  MUSM  5540- 
5541,  5559).  A  male  had  2X3  mm  testes  on 
7  November,  and  three  additional  (undated) 
males  had  testes  ranging  from  1  X  1  to  3  X 
1  mm  (mean  =  2X1  mm).  Two  adult  females 
(skulls  100%  ossified)  had  ovaries  measuring 
3X2  and  4X2  mm  (not  enlarged)  on  2  and 
7  November,  respectively.  Reproductive  data 
for  five  unknown  age  females  are:  two  fe¬ 
males  had  ovaries  measuring  1  X  1  and  6  X 
3  mm  on  5  and  27  December,  respectively, 
and  three  females  measured  7  X  2,  2  X  1 ,  and 
7X3  mm  on  12  January,  6  February,  and  27 
February,  respectively.  Three  specimens  were 
collected  during  2  to  7  November,  two  on  5 
and  27  December,  one  on  12  January,  and  two 
on  6  and  27  February;  extreme  dates  are  ap¬ 
parently  2  November  to  27  February.  A  single 
specimen  was  collected  in  1978,  two  in  1979, 
and  five  in  the  early  1980s.  An  adult  male  had 
a  mass  of  12  g  on  7  November,  and  three 
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males  (no  date)  ranged  from  8.5  to  1 1  g  (mean 
=  9.8  g);  an  adult  female  was  11  g  on  2  No¬ 
vember.  Two  adult  females  had  moderate  fat 
on  2  and  7  November.  Five  specimens  were 
collected  at  Caterpiza  (200  m),  and  two  each 
20  km  southwest  Chiriaco,  43  km  northeast 
Chiriaco  (320  m),  and  at  La  Poza  (180  m). 

Swainson’s  Flycatcher  ( Myiarchus  swain- 
soni).  Status:  Austral  migrant.  A  single  female 
(ovary  =4X3  mm;  LSUMZ  34317)  was  col¬ 
lected  on  16  August  1964  at  Tutinum  (250  m). 

Streaked  Flycatcher  (Myiodynastes  macu- 
latus).  Status:  Austral  migrant.  This  species 
was  represented  by  six  specimens,  including 
a  male  (AMNH  185874)  and  three  females 
(LSUMZ  85064;  MVZ  165310;  MUSM 
10288).  All  four  specimens  were  of  the  mi¬ 
gratory  subspecies  M.  m.  solitarius  rather  than 
the  resident  nominate  subspecies.  An  adult 
(skull  ossified)  female  with  no  fat  had  a  gran¬ 
ular  ovary  on  17  July,  and  another  female  had 
a  13  X  7  mm  ovary  on  18  August;  these  birds 
had  a  mass  of  36.5  and  40  g,  respectively.  All 
four  birds  were  collected  during  17  July  to  18 
August;  two  during  1977,  and  one  each  in 
1924  and  1980.  Single  specimens  were  col¬ 
lected  at  Pomara  (400  m),  Huampami  (210 
m),  Shaim  (400  m),  and  Quebrada  Achunts 
(250  m). 

Crowned  Slaty  Flycatcher  ( Griseotyrannus 
aurantioatrocristatus).  Status:  Austral  mi¬ 
grant.  A  single  adult  (skull  100%  ossified)  fe¬ 
male  (ovary  =  6.5  X  2  mm;  LSUMZ  85081) 
was  collected  on  29  August  1977.  This  spec¬ 
imen  had  a  mass  of  23  g  with  moderate  fat; 
its  stomach  contained  Hymenoptera  insects, 
and  was  collected  at  Huampami  (213  m). 

Tropical  Kingbird  ( Tyrannus  melancholi- 
cus).  Status:  probable  Austral  migrant.  This 
species  is  both  resident  and  migratory  in  Peru 
(T.  S.  Schulenberg  in  litt.),  and  it  is  possible 
these  specimens  represent  migrants.  This  spe¬ 
cies  was  represented  by  four  males  (LSUMZ 
34311,  48839,  64327,  78724)  and  three  fe¬ 
males  (LSUMZ  85078,  88337;  AMNH 
185932).  An  adult  male  (skull  100%  ossified) 
had  testes  measuring  1  X  2  mm  on  18  De¬ 
cember,  and  three  additional  unknown  age 
males  had  testes  measuring:  5.5  X  3  (n  =  1) 
on  17  July,  and  2X1  mm  (n  =  2)  on  3  Au¬ 
gust.  An  adult  female  (skull  100%  ossified) 
had  a  6  X  1.5  mm  ovary  on  10  August,  and 
an  unknown  age  female  had  a  2  X  3  mm  ova¬ 


ry  on  18  August.  Six  birds  were  collected  dur¬ 
ing  17  July  to  18  August,  and  an  additional 
specimen  was  collected  on  18  December.  Sin¬ 
gle  birds  were  collected  in  1924,  1968,  1974, 
1977,  1978,  and  two  birds  were  collected  dur¬ 
ing  1964.  A  male  had  slight  fat  on  17  July, 
and  an  adult  female  had  little  fat  and  a  mass 
of  39  g  on  10  August;  another  female  was  20 
g  on  18  August.  Two  specimens  were  collect¬ 
ed  at  Urakusa  (250  m),  and  single  specimens 
were  collected  at  Pomara  (400  m),  Huampami 
(213  m),  Kusu  (250  m),  20  km  southwest  Chi¬ 
riaco  (518  m),  and  4  km  southwest  Chiriaco 
(500  m). 

Southern  Rough-winged  Swallow  ( Stelgi - 
dopteryx  ruficollis).  Status:  probable  Austral 
migrant.  This  species  is  both  resident  and  mi¬ 
gratory  in  Peru  (T.  S.  Schulenberg  in  litt.),  and 
it  is  possible  these  specimens  represent  mi¬ 
grants.  This  species  was  represented  by  17  in¬ 
dividuals,  of  which  at  least  one  was  a  male 
(LSUMZ  85256)  and  three  were  females 
(LSUMZ  99215;*  MUSM  11889;  MVZ 
161095).  A  female  had  a  6  X  2  mm  ovary  on 
4  February,  and  a  juvenile  female  (ova  mi¬ 
nute)  with  a  mass  of  18  g  and  no  fat  was  col¬ 
lected  in  early  September;  another  female 
(skull  95%  ossified)  was  14.5  g  with  abundant 
fat  and  was  collected  on  22  October.  A  male 
was  collected  on  1 1-  August,  and  females  in 
early  September,  22  October,  and  4  February; 
five  unknown  gender  specimens  were  also 
collected  on  2  February.  One  specimen  was 
collected  each  in  1974,  1977,  1980,  and  1987, 
and  five  during  1984.  Six  specimens  were  col¬ 
lected  at  Caterpiza  (200  m)  with  single  spec¬ 
imens  at  Shaim  (400  m).  Falsa  Paquisha-PV 
22  (810  m),  and  19  km  south-southwest  of 
Nazareth  (3'67  'm). 

Grey-cheeked  Thrush  ( Catharus  minimus). 
Status:  Nearctic  migrant.  A  young  female 
(skull  75%  ossified;  LSUMZ  88638)  with  a 
12  X  5  mm  ovary  and  a  mass  of  31  g  was 
collected  on  3  November  1978,  43  km  north¬ 
east  Chiriaco  (320  m).  A  second  female  (ova¬ 
ry  =  5  X  3  mm)  (LSUMZ  99235)  was  col¬ 
lected  on  8  December  1979  at  Caterpiza  (200 
m). 

Swainson’s  Thrush  ( Catharus  ustulatus). 
Status:  Nearctic  migrant.  Forty  specimens 
were  represented  by  at  least  15  males  (includ¬ 
ing  LSUMZ  88641-88643,  93063,  93066- 
93068,  99242;  MUSM  4770-4771,  4800, 
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11946,  11966,  11977,  12001)  and  nine  fe¬ 
males  (including  LSUMZ  88639,  99244; 
MUSM  5499-5500,  5505,  5536,  5543,  5597, 
5617).  Testes  ranged  from  IX  1  to  8  X  4  mm 
(mean  =  2.6  X  1.5  mm,  n  =  15)  for  males 
collected  during  19  October  to  10  December, 
but  80%  of  the  specimens  had  smaller  testes 
(1  X  1  to  2  X  1.5  mm,  n  =  12)  and  were  the 
only  age-known  specimens  (at  least  2  sub¬ 
adults  [skulls  75  to  80%  ossified]  and  4  adults 
[100%  ossified]).  Ovaries  ranged  from  4  X  1 
to  7  X  3  mm  (mean  =  5.8  X  2.2  mm,  n  =  8) 
for  females  collected  during  2  December  to  7 
February.  All  but  one  of  the  males  (a  Dec 
specimen)  were  collected  44  days  earlier  than 
the  first  female,  perhaps  to  facilitate  males  es¬ 
tablishing  winter  territories.  Thirteen  speci¬ 
mens  were  collected  in  the  early  1980s,  seven 
during  1979,  five  during  1987,  and  three  dur¬ 
ing  1978.  Mass  of  male  specimens  ranged 
from  21  to  31  g  (mean  =  25.8,  n  =  6)  during 
22  October  to  8  November.  Fat  was  recorded 
for  five  males  between  19  and  22  October  as 
none  {n  =  1),  little  or  light  (n  =  3),  or  mod¬ 
erate  in  =  1);  an  unknown  gender  individual 
had  abundant  fat  on  25  October.  Data  on  mass 
and  fat  were  not  provided  for  females.  Twen¬ 
ty-four  specimens  were  collected  at  Caterpiza 
(200  m),  five  at  Falsa  Paquisha-PV  22  (810 
m),  three  43  km  northeast  of  Chiriaco  (320 
m),  two  each  at  La  Poza  (180  m)  and  Cenepa 1 
Comainas  Basin,  and  one  at  Campanquiz 
(1,148  m). 

Red-eyed  Vireo  ( Vireo  olivaceus).  Status:  Ne- 
arctic  and  Austral  migrant.  This  species  is  often 
present  in  Peru  throughout  the  year,  as  it  is  rep¬ 
resented  by  subspecies  that  are  Nearctic  (V.  o. 
olivaceus )  and  Austral  (V.  o.  chivi )  migrants 
(Schulenberg  et  al.  2007);  both  subspecies  were 
present  in  the  Pongos  Basin.  The  Nearctic  mi¬ 
grant  (V.  o.  olivaceus)  was  represented  by  a  sin¬ 
gle  unknown  gender  individual  (LSUMZ 
99306)  collected  during  February  1980  at  Ca¬ 
terpiza  (200  m).  The  Austral  migrant  (V.  o.  chi¬ 
vi)  was  represented  by  two  adult  (skulls  100% 
ossified)  males  (LSUMZ  89320;  MVZ  165378) 
and  one  unknown  gender  younger  (skull  80% 
ossified)  individual  (LSUMZ  93808).  One  adult 
male  collected  on  13  July  had  a  mass  of  11  g 
with  moderate  fat;  the  other  adult  male  collected 
on  29  August  was  15.3  g  with  light  fat  and  tes¬ 
tes  measuring  1.5  X  1  mm.  The  young  speci¬ 
men  collected  on  4  October  had  moderate  fat. 


One  bird  was  collected  each  year  from  1977  to 
1979.  Two  stomachs  contained  insects.  The  two 
adults  were  collected  at  Huampami  (213  m)  and 
the  young  specimen  was  obtained  at  La  Poza 
(180  m). 

Yellow-green  Vireo  ( Vireo  jlavoviridis). 
Status:  Nearctic  migrant.  Nineteen  specimens 
were  collected  including  at  least  four  males 
(LSUMZ  93804,  94206;  MUSM  5530,  6032), 

1 1  females  (MUSM  5524-5525,  5529,  6030- 
6032,  10050;  LSUMZ  93805,  93809-93810, 
99297),  and  four  unknown  gender  individuals 
(MUSM  5526-5528,  5531).  Testes  were  3  X 
1  mm  for  a  male  collected  on  25  January. 
Ovaries  ranged  from  1  X  1  to  7  X  3  mm 
(mean  =  4.4  X  1.8  mm,  n  =  11)  for  females 
collected  during  26  October  to  8  February. 
Specimens  (n  =  19)  were  collected  between 
24  October  and  8  February  with  four  individ¬ 
uals  (all  unknown  gender)  collected  on  2  Feb¬ 
ruary.  Thirteen  specimens  were  collected  dur¬ 
ing  the  early  1980s  and  six  during  1979. 
Adults  (skulls  100%  ossified),  including  a 
male  and  two  females  with  little  fat  were  col¬ 
lected  on  24  October,  27  October,  and  14  No¬ 
vember,  respectively,  and  the  adult  male  con¬ 
tained  Melastome  fruit  in  his  stomach.  Sixteen 
specimens  were  collected  at  Caterpiza  (200 
m),  and  two  at  La  Poza  (180  m). 

Canada  Warbler  ( Wilsonia  canadensis). 
Status:  Nearctic  migrant.  A  single  female 
(ovary  =  7X3  mm,  LSUMZ  79030)  and 
male  (testes  =  2X1  mm,  LSUMZ  79031) 
were  collected  on  16  and  19  July  1974  with 
mass  of  9  and  10  g,  respectively,  20  km  south¬ 
west  Chiriaco  at  elevations  of  457  and  518  m, 
respectively.  A  third  unknown  gender  speci¬ 
men  with  no  data  (LSUMZ  89215)  was  col¬ 
lected  in  1974  in  the  Rfo  Cenepa-Rfo  Comai- 
na  drainage. 

Scarlet  Tanager  ( Piranga  olivacea).  Status: 
Nearctic  migrant.  This  species  was  represent¬ 
ed  by  at  least  three  males  (two  with  data  = 
LSUMZ  93322,  99271)  and  two  females 
(LSUMZ  99269-99270).  Males  had  testes 
measuring  3  X  1  and  6X3  mm  on  5  Novem¬ 
ber  1979  and  26  February  1980,  respectively. 
Females  were  collected  on  15  January  1980 
and  1 1  February  1980;  the  ovary  of  the  latter 
specimen  measured  1  X  1  mm.  All  specimens 
were  collected  at  Caterpiza  (200  m). 

Summer  Tanager  ( Piranga  rubra).  Status: 
Nearctic  migrant.  A  single  adult  (skull  100% 
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ossified)  female  (ovary  =  5X2  mm,  not  en¬ 
larged;  LSUMZ  93321)  was  collected  on  3  No¬ 
vember  1979  with  little  fat  at  La  Poza  (180  m). 

CONSERVATION  IMPLICATIONS 

The  Pongos  Basin  supports  a  rich  avifauna 
and  a  high  diversity  of  other  taxa.  Its  fauna 
and  flora  include  both  threatened  species  and 
species  with  limited  geographic  distributions, 
all  of  which  are  vulnerable  to  uncontrolled  de¬ 
velopment  (Schulenberg  and  Awbrey  1997). 
The  presence  of  indigenous  Aguaruna  inhab¬ 
iting  the  region  has  restricted  development  by 
people  from  outside  their  community,  which 
translates  directly  to  habitat  protection  for  this 
region.  Logging  and  other  forest  uses  that  may 
threaten  bird  conservation  appear  to  occur  at 
relatively  low  levels  (Dauphine  et  al.  2008). 
Cracids  are  some  of  the  best  bio-indicators  to 
measure  sustainable  harvest  levels  (Brooks 
2006),  and  are  often  the  first  species  to  dis¬ 
appear  due  to  overhunting  (Brooks  1 999).  Six 
species  of  cracids  present  in  the  region  are 
preferred  food  (Berlin  and  Berlin  1983)  and 
their  presence  suggests  the  fauna  in  the  region 
is  not  overharvested.  The  native  inhabitants 
generally  use  their  faunal  resources  in  a  sus¬ 
tainable  fashion  (Dauphine  et  al.  2008).  Hu¬ 
man-generated  habitat  disturbance  in  the  re¬ 
gion  is  not  significant  as  roads,  trails,  and  tim¬ 
ber  removal  is  minimal. 

The  governments  of  Peru  and  Ecuador  es¬ 
tablished  a  transboundary  protected  area  in 
1998  to  promote  political  stability  in  the  re¬ 
gion  and  to  protect  its  contained  biodiversity 
(Ponce  and  Ghersi  2003).  In  addition,  the  Pe¬ 
ruvian  government  established  (1999),  and 
then  expanded  (2000),  the  Santiago-Comaina 
Reserved  Zone  (IUCN  2007).  This  region 
presently  includes  the  Pongos  Basin  and  the 
Comaina  and  Cenepa  river  drainages.  Habitat 
conservation  through  creation  of  reserves  with 
appropriate  infrastructure  is  an  important  step 
for  preservation  of  minimally  impacted  areas 
such  as  the  Pongos  Basin.  However,  popula¬ 
tion  densities  of  the  indigenous  people  contin¬ 
ue  to  increase,  as  does  their  participation  in 
the  market  economy,  both  of  which  will  likely 
lead  to  a  significant  increase  in  the  pressure 
for  development  of  the  area.  Despite  the  ex¬ 
istence  of  reserves,  commercial  logging  and 
mining,  as  well  as  clearing  for  subsistence  ag¬ 
riculture  are  sure  to  increase  with  resulting 


habitat  loss  and  degradation,  and  increased 
hunting  eventually  threatening  populations  of 
birds  and  other  organisms. 

Parks  and  other  protected  areas  with  appro¬ 
priate  infrastructure  and  long-term  support,  as 
well  as  sustainable  development  projects  that 
will  provide  direct  economic  benefit  to  the  lo¬ 
cal  people  should  help  ensure  the  diverse 
communities  of  the  region  continue  to  thrive. 
Area  conservation  would  benefit  from  further 
research  and  the  assignment  of  reserve  per¬ 
sonnel,  both  of  which  appear  to  be  currently 
lacking.  Conservation  education  and  outreach 
is  urgently  needed,  primarily  in  colonist  com¬ 
munities,  where  many  people  do  not  appear  to 
be  aware  of  the  existence  of  protected  areas 
or  protected  species  in  the  region  (ND,  pers. 
obs.).  Formal  participation  by  Aguaruna  and 
Huambisa  residents  in  reserve  protection  and 
management  should  help  ensure  their  success 
as  protected  areas. 
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APPENDIX.  Avian  inventory  for  the  Pongos  Basin  lowlands  and  Cordillera  Campanquiz  Highlands,  Ama¬ 
zonas  Department,  Peru. 


English  name 

Family/Scientific  name 

Status3 

Lowlands 
(m  asl) 

Campdnquiz 
Highlands 
(m  asl) 

Tinamous 

Tinamidae 

Grey  Tinamou 

Tinamus  tao 

Great  Tinamou 

T.  major 

400 

1,148 

White-throated  Tinamou 

T.  guttatus 

656-810 

1,148 

Cinereous  Tinamou 

Crypturellus  cinereus 

591 

Little  Tinamou 

C.  soui 

213-400 

Variegated  Tinamou 

C.  variegatus 

Bartlett’s  Tinamou 

C.  bartletti 

656 

Grebes 

Podicipedidae 

Least  Grebe 

Tachybaptus  dominicus 

320 

Pied-billed  Grebe 

Podilymbus  podiceps 

D 

656 

Herons 

Ardeidae 

Striated  Heron 

Butorides  striata 

591 

Rufescent  Tiger  Heron 

Tigrisoma  lineatum 

656 

Ducks/Geese/Swans 

Anatidae 

Blue-winged  Teal 

Anas  discors 

N 

591 

Masked  Duck 

Nomonyx  dominicus 

656 

Kites/Hawks/Eagles 

Accipitridae 

Grey-headed  Kite 

Leptodon  cayanensis 

210 

Swallow-tailed  Kite 

Elanoides  forficatus 

A? 

400 

Double-toothed  Kite 

Harpagus  bidentatus 

400 

Plumbeous  Kite 

Ictinia  plumbea 

A? 

656 

Bicolored  Hawk 

Accipiter  bicolor 

213-591 

Black-faced  Hawk 

Leucopternis  melanops 

D 

200-656 

White  Hawk 

L.  albicollis 

Great  Black  Hawk 

Buteogallus  urubitinga 

656 

Roadside  Hawk 

Buteo  magnirostris 

210-320 

Crested  Eagle 

Morphnus  guianensis 

Ornate  Hawk-Eagle 

Spizaetus  ornatus 

200 

Black  Hawk-Eagle 

S.  tyrannus 

200-300 

Caracaras/Falcons 

Falconidae 

Red-throated  Caracara 

Ibycter  americanus 

Laughing  Falcon 

Herpetotheres  cachinnans 

200^656 

Barred  Forest  Falcon 

Micrastur  ruficollis 

‘  200 

Slaty-backed  Forest  Falcon 

M.  mirandollei 

Collared  Forest  Falcon 

M.  semitorquatus 

200 

Buckley’s  Forest  Falcon 

M.  buckleyi 

210-213 

Bat  Falcon 

Falco  rufigularis 

300 

Orange-breasted  Falcon 

F.  deiroleucus 

400 

Chachalacas/Curassows/Guans 

Cracidae 

Speckled  Chachalaca 

Ortalis  guttata 

200-656 

Spix’s  Guan 

Penelope  jacquacu 

210-591 

Common  Piping  Guan 

Pipile  pipile 

Sickle-winged  Guan 

Chamaepetes  goudotii 

793 

Nocturnal  Curassow 

Nothocrax  urumutum 

200-793 

350 

Salvin’s  Curassow 

Mitu  salvini 

793 

New  World  Quail 

Odontophoridae 

Starred  Wood  Quail 

Odontophorus  stellatus 

200-210 

Hoatzin 

Opisthocomidae 

Hoatzin 

Opisthocomus  hoazin 

210-656 

Limpkin 

Aramidae 

Limpkin 

Aramus  guarauna 

200 

Rails/Crakes/Coots 

Rallidae 

Chestnut-headed  Crake 

Anurolimnas  castaneiceps 

200-656 
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Status3 

Lowlands 
(m  asl) 

Campdnquiz 
Highlands 
(m  asl) 

Rufous- sided  Crake 

Laterallus  melanophaius 

591 

Grey-breasted  Crake 

L.  exilis 

210 

Grey-necked  Wood  Rail 

Aramides  cajanea 

591 

Red-winged  Wood  Rail 

A.  calopterus 

210 

Uniform  Crake 

Amaurolimnas  concolor 

400 

Purple  Gallinule 

Porphyrio  martinicus 

N? 

200-656 

Finfoots 

Heliornithidae 

Sungrebe 

Heliornis  fulica 

210-656 

Sunbittern 

Eurypygidae 

Sunbittern 

Eurypyga  helias 

400 

Plovers 

Charadriidae 

American  Golden  Plover 

Pluvialis  dominica 

N 

591 

Sandpipers/Snipes 

Scolopacidae 

Spotted  Sandpiper 

Actitis  macularius 

N 

213-810 

Pigeons/Doves 

Columbidae 

Pale-vented  Pigeon 

Patagioenas  cayennensis 

591 

Plumbeous  Pigeon 

P.  plumbea 

210 

Ruddy  Pigeon 

P.  subvinacea 

213-656 

Blue  Ground  Dove 

Claravis  pretiosa 

400-591 

White-tipped  Dove 

Leptotila  verreauxi 

200-400 

Grey-fronted  Dove 

L.  rufaxilla 

213-656 

Sapphire  Quail-Dove 

Geotrygon  saphirina 

1,148 

White-throated  Quail-Dove 

G.  frenata 

Ruddy  Quail-Dove 

G.  montana 

400-810 

Cockatoos/Parrots 

Psittacidae 

Chestnut-fronted  Macaw 

Ara  severus 

210-656 

White-eyed  Parakeet 

Aratinga  leucophthalma 

213-656 

Dusky-headed  Parakeet 

A.  weddellii 

Painted  Parakeet 

Pyrrhura  picta 

210-810 

Blue-winged  Parrotlet 

Forpus  xanthopterygius 

656 

Cobalt-winged  Parakeet 

Brotogeris  cyanoptera 

320-656 

Scarlet-shouldered  Parrotlet 

Touit  huetii 

210-213 

Spot-winged  Parrotlet 

T.  sticlopterus 

VU 

400 

Orange-cheeked  Parrot 

Pionopsitta  barrabandi 

656 

Blue-headed  Parrot 

Pionus  menstruus 

591-810 

Red-billed  Parrot 

P.  sordidus 

210 

Yellow-crowned  Amazon 

Amazona  ochrocephala 

656 

Orange-winged  Amazon 

A.  amazonica 

Mealy  Amazon 

A.  farinosa 

656 

Cuckoos 

Cuculidae 

Black-billed  Cuckoo 

Coccyzus  erythropthalmus 

N 

Yellow-billed  Cuckoo 

C.  americanus 

N 

Dark-billed  Cuckoo 

C.  melacoryphus 

A 

Squirrel  Cuckoo 

Piaya  cayana 

210-656 

Black-bellied  Cuckoo 

P.  melanogaster 

213 

Greater  Ani 

Crotophaga  major 

656 

Smooth-billed  Ani 

C.  ani 

305-656 

Owls 

Strigidae 

Tropical  Screech  Owl 

Megascops  choliba 

210-213 

Tawny-bellied  Screech  Owl 

M.  watsonii 

210-591 

Mottled  Owl 

Strix  virgata 

200 

Black-banded  Owl 

S.  huhula 

210-591 

Crested  Owl 

Lophostrix  cristata 

656 

Spectacled  Owl 

Pulsatrix  perspicillata 

210-656 

Ferruginous  Pygmy  Owl 

Glaucidium  brasilianum 

210-591 
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(m  asl) 

Oilbird 

Steatornithidae 

Oilbird 

Steatornis  caripensis 

732 

Potoos 

Nyctibiidae 

Great  Potoo 

Nyctibius  grandis 

210 

Long-tailed  Potoo 

N.  aethereus 

210-656 

Common  Potoo 

N.  griseus 

213 

Rufous  Potoo 

N.  bracteatus 

D  213 

Nightjars 

Caprimulgidae 

Pauraque 

Nyctidromus  albicollis 

210-656 

Blackish  Nightjar 

Caprimulgus  nigrescens 

210-320 

Swifts 

Apodidae 

Grey-rumped  Swift 

Chaetura  cinereiventris 

457 

Hummingbirds 

Trochilidae 

White-tipped  Sicklebill 

Eutoxeres  aquila 

300-810 

Buff-tailed  Sicklebill 

E.  condamini 

200-810 

Rufous-breasted  Hermit 

G lauds  hirsutus 

100-656 

Pale-tailed  Barbthroat 

Threnetes  niger 

200-810 

Green  Hermit 

Phaethornis  guy 

793-850 

White-bearded  Hermit 

P.  hispidus 

210-656 

Long-tailed  Hermit 

P.  superciliosus 

200-810 

Koepcke’s  Hermit 

P.  koepckeae 

.  300-518 

Straight-billed  Hermit 

P.  bourcieri 

213-793 

Black-throated  Hermit 

P.  atrimentalis 

Blue-fronted  Lancebill 

Doryfera  johannae 

210-320 

Grey-breasted  Sabrewing 

Campylopterus  largipennis 

200-810 

White-necked  Jacobin 

Florisuga  mellivora 

210 

Fiery  Topaz 

Topaza  pyra 

Violet-headed  Hummingbird 

Klais  guimeti 

400 

Black-bellied  Thorntail 

Popelairia  langsdorffi 

210 

Spangled  Coquette 

Lophornis  stictolophus 

400 

Fork-tailed  Woodnymph 

Thalurania  furcata 

200-850 

Golden-tailed  Sapphire 

Chrysuronia  oenone 

210-400’ 

Glittering-throated  Emerald 

Amazilia  fimbriata 

210-656 

Ecuadorian  Piedtail 

Phlogophilus  hemileucurus 

793 

Gould’s  Jewelfront 

Heliodoxa  aurescens 

200-793 

Black-throated  Brilliant 

H.  schreibersii 

793-823 

Pink-throated  Brilliant 

H.  gularis 

793 

Black-eared  Fairy 

Heliothryx  auritus 

213-400 

Amethyst  Woodstar 

Calliphlox  amethystina 

213-400 

Trogons 

Trogonidae 

Pavonine  Quetzal 

Pharomachrus  pavoninus 

305-656 

Amazonian  White-tailed  Trogon 

Trogon  viridis 

200-656 

Black-throated  Trogon 

T.  rufus 

200 

Kingfishers 

Alcedinidae 

Ringed  Kingfisher 

Megaceryle  torquata 

656-810 

Amazon  Kingfisher 

Chloroceryle  amazona 

367 

Green  Kingfisher 

C.  americana 

320-810 

Motmots 

Momotidae 

Blue-crowned  Motmot 

Momotus  momota 

591 

Rufous  Motmot 

Baryphthengus  martii 

200-656 

Broad-billed  Motmot 

Electron  platyrhynchum 

200-591 

Jacamars 

Galbulidae 

White-eared  Jacamar 

Galbalcyrhynchus  leucotis 

Brown  Jacamar 

Brachygalba  lugubris 

305 

Yellow-billed  Jacamar 

Galbula  albirostris 

200-810 
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(m  asl) 

(m  asl) 

Bronzy  Jacamar 

G.  leucogastra 

210-656 

Great  Jacamar 

Jacamerops  aureus 

210-400 

Puffbirds 

Bucconidae 

White-necked  Puffbird 

Notharchus  macrorhynchos 

591-656 

Pied  Puffbird 

N.  tectus 

Chestnut-capped  Puffbird 

Bucco  macrodactylus 

200-656 

Collared  Puffbird 

B.  capensis 

213 

Striolated  Puffbird 

Nystalus  striolatus 

213 

White-chested  Puffbird 

Malacoptila  fusca 

200-656 

Brown  Nunlet 

Nonnula  brunnea 

210 

Black-fronted  Nunbird 

Monasa  nigrifrons 

200-656 

White-fronted  Nunbird 

M.  morphoeus 

200-793 

Yellow-billed  Nunbird 

M.  flavirostris 

200-210 

Swallow-winged  Puffbird 

Chelidoptera  tenebrosa 

Toucans/Barbets 

Ramphastidae 

Gilded  Barbet 

Capito  auratus 

200-656 

Lemon-throated  Barbet 

Eubucco  richardsoni 

200-793 

Red-headed  Barbet 

E.  bourcierii 

793 

Chestnut-tipped  Toucanet 

Aulacorhynchus  derbianus 

793 

Lettered  Aracari 

Pteroglossus  inscriptus 

210-656 

Ivory-billed  Aracari 

P.  azara 

200-762 

Chestnut-eared  Aracari 

P.  castanotis 

216 

Many-banded  Aracari 

P.  pluricinctus 

185-656 

Golden-collared  Toucanet 

Selenidera  reinwardtii 

210-656 

Channel-billed  Toucan 

Ramphastos  vitellinus 

210-656 

Black-mandibled  Toucan 

R.  ambiguus 

White-throated  Toucan 

R.  tucanus 

210-656 

1,148 

Woodpeckers 

Picidae 

810 

Bar-breasted  Piculet 

Picumnus  aurifrons 

Lafresnaye’s  Piculet 

P.  lafresnayi 

457-793 

1,148 

Rufous-breasted  Piculet 

P.  rufiventris 

367 

Yellow-tufted  Woodpecker 

Melanerpes  cruentatus 

245-656 

Little  Woodpecker 

Veniliornis  passerinus 

200-656 

Red- stained  Woodpecker 

V.  affinis 

210-656 

White-throated  Woodpecker 

Piculus  leucolaemus 

Spot-breasted  Woodpecker 

Chrysoptilus  punctigula 

210 

Scaly-breasted  Woodpecker 

Celeus  grammicus 

210-656 

1,148 

Chestnut  Woodpecker 

C.  elegans 

210-656 

Rufous-headed  Woodpecker 

C.  spectabilis 

210-367 

Lineated  Woodpecker 

Dryocopus  lineatus 

450-810 

Red-necked  Woodpecker 

Campephilus  rubricollis 

200-656 

Crimson-crested  Woodpecker 

C.  melanoleucus 

200-656 

Ovenbirds 

Furnariidae 

Pale-legged  Hornero 

Furnarius  leucopus 

200-656 

Dark-breasted  Spinetail 

Synallaxis  albigularis 

210-591 

Dusky  Spinetail 

S.  moesta 

213-810 

Ruddy  Spinetail 

S.  rutilans 

229 

Ash-browed  Spinetail 

Cranioleuca  curtata 

810 

Speckled  Spinetail 

C.  gutturata 

400-591 

Slender-billed  Xenops 

Xenops  tenuirostris 

213 

Plain  Xenops 

X.  minutus 

200-810 

Eastern  Woodhaunter 

Hyloctistes  subulatus 

200-793 

Chestnut-winged  Hookbill 

Ancistrops  strigilatus 

200-656 

Rufous-rumped  Foliage-gleaner 

Philydor  erythrocercum 

200-793 

Bamboo  Foliage-gleaner 

Anabazenops  dorsalis 

213-656 

Buff- throated  Foliage-gleaner 

Automolus  ochrolaemus 

213-300 
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Chestnut-crowned  Foliage-gleaner 

A.  rufipileatus 

200-656 

Olive-backed  Foliage-gleaner 

A.  infuscatus 

200-656 

Brown-rumped  Foliage-gleaner 

A.  melanopezus 

591-810 

Ruddy  Foliage-gleaner 

A.  rubiginosus 

210-793 

Short-billed  Leaftosser 

Sclerurus  rufigularis 

656 

Black-tailed  Leaftosser 

S.  caudacutus 

213-793 

Woodcreepers 

Plain-brown  Woodcreeper 

Dendrocolaptidae 

Dendrocincla  fuliginosa 

320-810 

Long-tailed  Woodcreeper 

Deconychura  longicauda 

400 

Spot-throated  Woodcreeper 

D.  stictolaema 

400 

Olivaceous  Woodcreeper 

Sittasomus  griseicapillus 

656 

Wedge-billed  Woodcreeper 

Glyphorynchus  spirurus 

200-810 

Strong-billed  Woodcreeper 

Xiphocolaptes  promeropirhyn- 

793 

Amazonian  Barred  Woodcreeper 

chus 

Dendrocolaptes  certhia 

200-656 

Ocellated  Woodcreeper 

Xiphorhynchus  ocellatus 

200-810 

Striped  Woodcreeper 

X.  obsoletus 

591 

Elegant  Woodcreeper 

X.  elegans 

213-591 

Buff-throated  Woodcreeper 

X.  guttatus 

200-591 

Red-billed  Scythebill 

Campyloramphus  trochiliros- 
tris 

Thamnophilidae 

200-793 

Antbirds 

Fasciated  Antshrike 

Cymbilaimus  lineatus 

200-656 

Undulated  Antshrike 

Frederickena  unduligera 

213-793 

Great  Antshrike 

Taraba  major 

200-656 

Castelnau’s  Antshrike 

Thamnophilus  cryptoleucus 

591 

White-shouldered  Antshrike 

T.  aethiops 

793 

Plain-winged  Antshrike 

T.  schistaceus 

200-810 

Mouse-colored  Antshrike 

T.  murinus 

200-656 

Spot-winged  Antshrike 

Pygiptila  stellaris 

591-656 

Black  Bushbird 

Neoctantes  niger 

200-656 

Russet  Antshrike 

Thamnistes  anabatinus 

1.148 

Plain  Antvireo 

Dysithamnus  mentalis 

793 

Dusky-throated  Antshrike 

Thamnomanes  ardesiacus 

200-810 

Cinereous  Antshrike 

T.  caesius 

200-656 

Pygmy  Antwren 

Myrmotherula  brachyura 

200-810 

Moustached  Antwren 

M.  ignota 

200-656 

Stripe-chested  Antwren 

M.  longicauda 

537 

Plain-throated  Antwren 

M.  hauxwelli 

200-656 

Stipple- throated  Antwren 

M.  haematonota 

793 

Ornate  Antwren 

M.  ornate 

591-810 

Rufous-tailed  Antwren 

M.  erythrura 

200-656 

White-flanked  Antwren 

M.  axillaris 

210-810 

Slaty  Antwren 

M.  schisticolor 

200-656 

Long-winged  Antwren 

M.  longipennis 

320-793 

Grey  Antwren 

M.  menetriesii 

200-810 

Banded  Antbird 

Dichrozona  cincta 

793 

Dugand’s  Antwren 

Herpsilochmus  dugandi 

591 

Grey  Antbird 

Cercomacra  cinerascens 

200-656 

Blackish  Antbird 

C.  nigrescens 

656 

Black  Antbird 

C.  serva 

320-656 

White-browed  Antbird 

Myrmoborus  leucophrys 

210-656 

Black-faced  Antbird 

M.  myotherinus 

200-810 

Warbling  Antbird 

Hypocnemis  cantator 

200-656 

Yellow-browed  Antbird 

H.  hypoxantha 

200-656 
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Silvered  Antbird 

Sclateria  naevia 

656 

Spot-winged  Antbird 

Schistocichla  leucostigma 

200-793 

Northern  Chestnut-tailed  Antbird 

Myrmeciza  castanea 

810 

White-shouldered  Antbird 

M.  melanoceps 

200-656 

Sooty  Antbird 

M.  fort  is 

210 

White-plumed  Antbird 

Pithys  albifrons 

210-810 

Bicolored  Antbird 

Gymnopithys  leucaspis 

200-656 

Hairy-crested  Antbird 

Rhegmatorhina  melanosticta 

793 

Spot-backed  Antbird 

Hylophylax  naevius 

200-793 

Scale-backed  Antbird 

H.  poecilonotus 

200-793 

1,148 

Reddish-winged  Bare-eye 

Phlegopsis  erythroptera 

656 

Antthrushes/Antpittas 

Formicariidae 

Rufous-capped  Antthrush 

Formicarius  colma 

Black-faced  Antthrush 

F.  analis 

300-656 

Striated  Antthrush 

Chamaeza  nobilis 

591 

Short-tailed  Antthrush 

C.  campanisona 

793 

Scaled  Antpitta 

Grallaria  guatimalensis 

400 

Ochre-striped  Antpitta 

G.  dignissima 

200 

White-lored  Antpitta 

Hylopezus  fulviventris  D 

213 

Thrush-like  Antpitta 

Myrmothera  campanisona 

210-400 

Gnateaters 

Conopophagidae 

Ash-throated  Gnateater 

Conopophaga  peruviana 

320-656 

Tapaculos 

Rhinocryptidae 

1,148 

Rusty-belted  Tapaculo 

Liosceles  thoracicus 

200-656 

Cotingas 

Cotingidae 

1,148 

Black-necked  Red  Cotinga 

Phoenicircus  nigricollis 

210-656 

Brazilian  Laniisoma 

Laniisoma  elegans 

656 

Masked  Tityra 

Tityra  semifasciata 

210-591 

Black-crowned  Tityra 

T.  inquisitor 

213-367 

Thrush-like  Schiffomis 

Schiffomis  turdina 

200-793 

Cinereous  Mourner 

Laniocera  hypopyrra 

Fiery-throated  Fruiteater 

Pipreola  chlorolepidota 

210-213 

1,148 

Scarlet-breasted  Fruiteater 

P.  frontalis 

793 

White-browed  Purpletuft 

Iodopleura  isabellae 

Chestnut-crowned  Becard 

Pachyramphus  castaneus 

300 

White-winged  Becard 

P.  polychopterus 

200-656 

Black-capped  Becard 

P.  marginatus 

Pink-throated  Becard 

Platypsaris  minor 

656 

Grey-tailed  Piha 

Snowornis  subalaris 

793-810 

Screaming  Piha 

Lipaugus  vociferans 

210-656 

Purple-throated  Cotinga 

Porphyrolaema  porphyrolaema 

656 

Plum-throated  Cotinga 

Cotinga  maynana 

210 

Spangled  Cotinga 

C.  cayana 

210-656 

Bare-necked  Fruitcrow 

Gymnoderus  foetidus 

Purple-throated  Fruitcrow 

Querula  purpurata 

200-656 

1,148 

Amazonian  Umbrellabird 

Cephalopterus  ornatus 

Andean  Cock-of-the-rock 

Rupicola  peruvianus 

210-400 

Manakins 

Pipridae 

let  Manakin 

Chloropipo  unicolor 

793 

Green  Manakin 

C.  holochlora 

210-850 

White-bearded  Manakin 

Manacus  manacus 

200-656 

Blue-backed  Manakin  . 

Chiroxiphia  pareola 

200-656 

Wire-tailed  Manakin 

Pipra  filicauda 

200-656 

1,148 

White-crowned  Manakin 

P.  pipra 

400-793 

Golden-headed  Manakin 

P.  erythrocephala 

200-810 
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Blue-crowned  Manakin 

Lepidothrix  coronata 

200-810 

Blue-rumped  Manakin 

L.  isidorei 

630-793 

Western  Striped  Manakin 

Machaeropterus  striolatus 

210-518 

Wing-barred  Piprites 

Piprites  chloris 

210-656 

Flycatchers 

Tyrannidae 

White-lored  Tyrannulet 

Ornithion  inerme 

656 

Forest  Elaenia 

Myiopagis  gaimardii 

400-500 

Grey  Elaenia 

M.  caniceps 

A? 

500 

White-crested  Elaenia 

Elaenia  albiceps 

A 

Streak-necked  Flycatcher 

Mionectes  striaticollis 

810 

Olive-striped  Flycatcher 

M.  olivaceus 

210-810 

Ochre-bellied  Flycatcher 

M.  oleagineus 

210-810 

Sepia-capped  Flycatcher 

Leptopogon  amaurocephalus 

591-656 

Spectacled  Bristle  Tyrant 

Pogonotriccus  orbitalis 

793-810 

Short-tailed  Pygmy  Tyrant 

Myiornis  ecaudatus 

400 

Double-banded  Pygmy  Tyrant 

Lophotriccus  vitiosus 

200-656 

White-eyed  Tody-Tyrant 

Hemitriccus  zosterops 

213-810 

Rusty-fronted  Tody-Flycatcher 

Poecilotriccus  latirostris 

200-656 

Golden-winged  Tody-Flycatcher 

P.  calopterum 

213-367 

Common  Tody-Flycatcher 

Todirostrum  cinereum 

Yellow-browed  Tody-Flycatcher 

T.  chrysocrotaphum 

Ringed  Antpipit 

Corythopis  torquatus 

320-793 

Olivaceous  Flatbill 

Rhynchocyclus  olivaceus 

200-810 

Yellow-olive  Flycatcher 

Tolmomyias  sulphurescens 

Zimmer’s  Flatbill 

T.  assimilis 

210-656 

Grey-crowned  Flatbill 

T.  poliocephalus 

400 

Orange-eyed  Flatbill 

T.  t  ray  lor i 

200-656 

Ochre-lored  Flatbill 

T.  flaviventris 

200-656 

White-throated  Spadebill 

Platyrinchus  mystaceus 

793 

Golden-crowned  Spadebill 

P.  coronatus 

400-810 

Amazonian  Royal  Flycatcher 

Onycorhynchus  coronatus 

200-656 

Ornate  Flycatcher 

Myiotriccus  ornatus 

793-810 

Bran-colored  Flycatcher 

Myiophobus  fasciatus 

210 

Olive-chested  Flycatcher 

M.  cryptoxanthus 

Ruddy-tailed  Flycatcher 

Terenotriccus  erythrurus 

210-840 

Tawny-breasted  Myiobius 

Myiobius  villosus 

793-800 

Whiskered  Myiobius 

M.  barbatus 

200-656 

Black-tailed  Myiobius 

M.  atricaudus 

591-656 

Dwarf  Tyranneutes 

Tyranneutes  stolzmanni 

200-656 

Cinnamon  Neopipo 

Neopipo  cinnamomea 

793 

Fuscous  Flycatcher 

Cnemotriccus  fuscatus 

210 

Euler’s  Flycatcher 

Lathrotriccus  euleri 

210 

Western  Wood  Pewee 

Contopus  sordidulus 

N 

320 

Eastern  Wood  Pewee 

C.  virens 

N 

180-810 

Alder  Flycatcher 

Empidonax  alnorum 

N 

200-656 

Black  Phoebe 

Sayornis  nigricans 

320-810 

Drab  Water  Tyrant 

Ochthornis  littoralis 

245 

Long-tailed  Tyrant 

Colonia  colonus 

367-656 

Bright-rumped  Attila 

Attila  spadiceus 

300-400 

Greyish  Mourner 

Rhytipterna  simplex 

200-656 

Dusky-capped  Flycatcher 

Myiarchus  tuberculifer 

Swainson’s  Flycatcher 

M.  swainsoni 

A 

Short-crested  Flycatcher 

M.  ferox 

200-656 

Lesser  Kiskadee 

Philohydor  lictor 

325 

Great  Kiskadee 

Pitangus  sulphuratus 

200-656 
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English  name 

Family/Scientific  name 

Status3 

Lowlands 
(m  asl) 

Campdnquiz 
Highlands 
(m  asl) 

Boat-billed  Flycatcher 

Megarhynchus  pitangua 

200-656 

Social  Flycatcher 

Myiozetetes  similis 

305-518 

Grey-capped  Flycatcher 

M.  granadensis 

210-810 

Dusky-chested  Flycatcher 

M.  luteiventris 

656 

Streaked  Flycatcher 

Myiodynastes  maculatus 

A 

210-400 

Piratic  Flycatcher 

Legatus  leucophaius 

518-656 

Crowned  Slaty  Flycatcher 

Griseotyrannus 

A 

213 

aurantioatrocristatus 

Tropical  Kingbird 

Tyrannus  melancholicus 

A? 

213-518 

Swallows/Martins 

Hirundinidae 

White-banded  Swallow 

Atticora  fasciata 

200-656 

White-thighed  Swallow 

Neochelidon  tibialis 

320-518 

Southern  Rough-winged  Swallow 

Stelgidopteryx  ruficollis 

A? 

200-810 

Wrens 

Troglodytidae 

Black-capped  Donacobius 

Donacobius  atricapilla 

367-656 

Thrush-like  Wren 

Campylorhynchus  turdinus 

656 

Coraya  Wren 

Thryothorus  coraya 

200-656 

Buff-breasted  Wren 

T.  leucotis 

213 

House  Wren 

Troglodytes  aedon 

810 

White-breasted  Wood  Wren 

Henicorhina  leucosticta 

210-793 

Grey-breasted  Wood  Wren 

H.  leucophrys 

Southern  Nightingale  Wren 

Microcerculus  marginatus 

200-656 

Musician  Wren 

Cyphorhinus  arada 

210-367 

Thrushes 

Turdidae 

Andean  Solitaire 

Myadestes  ralloides 

793 

Grey-cheeked  Thrush 

Catharus  minimus 

N 

320-656 

Swainson’s  Thrush 

C.  ustulatus 

N 

200-810 

1,148 

Pale-eyed  Thrush 

Platycichla  leucops 

400 

Black-billed  Thrush 

Turdus  ignobilis 

200-656 

White-necked  Thrush 

T.  albicollis 

400-810 

Gnatcatchers 

Polioptilidae 

Tawny-faced  Gnatwren 

Microbates  cinereiventris 

793 

Long-billed  Gnatwren 

Ramphocaenus  melanurus 

200-656 

Crows/Jays 

Corvidae 

Inca  Jay 

Cyanocorax  yncas 

Violaceous  Jay 

C.  violaceus 

200-656 

1,148 

Vireos/Greenlets 

Vireonidae 

Red-eyed  Vireo 

Vireo  olivaceus 

N/A 

210-656 

Yellow-green  Vireo 

V.  flavoviridis 

N 

200-656 

Dusky-capped  Greenlet 

Hylophilus  hypoxanthus 

300 

Tawny-crowned  Greenlet 

H.  ochraceiceps 

210-793 

Slaty-capped  Shrike-Vireo 

Vireolanius  leucotis 

New  World  Warblers 

Parulidae 

Canada  Warbler 

Wilsonia  canadensis 

N 

457-518 

Buff-rumped  Warbler 

Phaeothlypis  fulvicauda 

213-810 

Tanagers  and  Allies 

Thraupidae 

Black-and-white  Tanager 

Conothraupis  speculigera 

213-400 

Magpie  Tanager 

Cissopis  leverianus 

200-656 

Yellow-throated  Bush  Tanager 

Chlorospingus  flavigularis 

793-810 

Yellow-backed  Tanager 

Hemithraupis  flavicollis 

200-591 

Fulvous  Shrike-Tanager 

Lanio  fulvus 

400-810 

1,148 

Flame-crested  Tanager 

Tachyphonus  cristatus 

200-656 

•  Fulvous-crested  Tanager 

T.  surinamus 

200-656 

White-shouldered  Tanager 

T.  luctuosus 

200-300 

Red-crowned  Ant  Tanager 

Habia  rubica 

213-656 

Scarlet  Tanager 

Piranga  olivacea 

N 

656 
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English  name 

Family/Scientific  name 

Status3 

Lowlands 
(m  asl) 

Campdnquiz 
Highlands 
(m  asl) 

Summer  Tanager 

P.  rubra 

N 

591 

Masked  Crimson  Tanager 

Ramphocelus  nigrogularis 

210-656 

1,148 

Silver-beaked  Tanager 

R.  car bo 

200-810 

Blue-grey  Tanager 

Thraupis  episcopus 

210-810 

Palm  Tanager 

T.  palmarum 

210-810 

Orange-throated  Tanager 

Wetmorethraupis  sterrhopteron 

VU 

210 

Turquoise  Tanager 

Tangara  mexicana 

210-656 

Paradise  Tanager 

T.  chilensis 

200-656 

Green-and-gold  Tanager 

T.  schrankii 

185-810 

1,148 

Golden  Tanager 

T.  art  bus 

Yellow-bellied  Tanager 

T.  xanthogastra 

210-793 

Spotted  Tanager 

T.  punctata 

793 

Bay-headed  Tanager 

T.  gyrola 

400-793 

1,148 

Masked  Tanager 

T.  nigrocincta 

210-793 

Opal-rumped  Tanager 

T.  velia 

210-400 

Opal-crowned  Tanager 

T.  callophrys 

210-213 

Black-faced  Dacnis 

Dacnis  lineata 

200-656 

Yellow-bellied  Dacnis 

D.  flaviventer 

350-656 

Blue  Dacnis 

D.  cayana 

400-500 

Green  Honeycreeper 

Chlorophanes  spiza 

200-656 

Short-billed  Honeycreeper 

Cyanerpes  nitidus 

656 

Purple  Honeycreeper 

C.  caeruleus 

200-656 

Black-and-white  Seedeater 

Sporophila  luctuosa 

320-810 

Yellow-bellied  Seedeater 

S.  nigricollis 

518-810 

Chestnut-bellied  Seedeater 

S.  castaneiventris 

367 

Lesser  Seed  Finch 

Oryzoborus  angolensis 

200-656 

Buntings/New  World  Sparrows  and  Allies 

Emberizidae 

Red-capped  Cardinal 

Paroaria  gularis 

656 

Orange-billed  Sparrow 

Arremon  aurantiirostris 

210-810 

Yellow-browed  Sparrow 

Myospiza  aurifrons 

367-810 

Grosbeaks/Saltators  and  Allies 

Cardinalidae 

Greyish  Saltator 

Saltator  coerulescens 

200-656 

Buff-throated  Saltator 

S.  maximus 

200-656. 

Slate-colored  Grosbeak 

S.  grossus 

200-793 

Blue-black  Grosbeak 

Cyanocompsa  cyanoides 

200-820 

New  World  Blackbirds 

Icteridae 

Giant  Cowbird 

Molothrus  oryzivorus 

245-656 

Moriche  Oriole 

Icterus  chrysocephalus 

210-810 

Venezuelan  Troupial 

1.  icterus 

656 

Yellow-rumped  Cacique 

Cacicus  cela 

210-656 

Ecuadorian  Cacique 

C.  sclateri 

210-213 

Solitary  Cacique 

C.  solitarius 

200-656 

Casqued  Oropendola 

Clypicterus  oseryi 

Crested  Oropendola 

Psarocolius  decumanus 

210-320 

Russet-backed  Oropendola 

P.  angustifrons 

591-810 

1,148 

Para  Oropendola 

P.  bifasciatus 

213-400 

Finches 

Fringillidae 

Thick-billed  Euphonia 

Euphonia  laniirostris 

210 

Bronze-green  Euphonia 

E.  mesochrysa 

793 

White-lored  Euphonia 

E.  chrysopasta 

213 

White-vented  Euphonia 

E.  minuta 

200 

Orange-bellied  Euphonia 

E.  xanthogaster 

210-810 

a  D  -  Distributional  record,  VU  =  Vulnerable,  N  =  Nearctic  migrant,  A  =  Austral  migrant,  N?  =  probable  Nearctic  mgrant,  and  A?  =  probable  Austral 
migrant. 
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RELATIONSHIP  BETWEEN  SPECIES  RICHNESS  OF  EXCAVATOR 
BIRDS  AND  CAVITY-ADOPTERS  IN  SEVEN  TROPICAL  FORESTS 

IN  COSTA  RICA 

LUIS  SANDOVAL1-2  AND  GILBERT  BARRANTES1 


ABSTRACT. — The  abundance  of  wood  cavities  is  thought  to  be  a  limiting  factor  for  bird  species  that  depend 
on  these  cavities  for  nesting.  Thus,  it  is  expected  that  number  of  cavity  adopters  correlates  with  number  of 
cavity  excavators  across  communities.  We  used  available  published  data  to  compare  composition  and  richness 
of  cavity  adopters  and  cavity  excavators  across  seven  forest  localities  in  Costa  Rica.  Species  richness  and 
composition  of  cavity  excavator  and  cavity  adopter  bird  assemblages  varied  among  the  seven  forests.  Species 
composition  of  excavators  and  adopters  was  more  similar  between  nearby  localities  and  between  localities  with 
similar  forest  types.  Richness  of  wood-cavity  adopters  (using  mostly  cavities  created  by  excavators)  tended  to 
increase  with  richness  of  excavators.  The  lack  of  association  between  cavity  adopters  and  cavity  excavators  in 
some  localities  may  be  compensated  by  high  abundance  of  a  few  species  of  excavators.  The  abundance  of 
adopters  and  their  dependence  on  forested  habitats  and  on  cavities  excavated  by  woodpeckers  varied  largely 
across  localities.  Received  6  November  2007.  Accepted  4  May  2008. 


Bird  nests  vary  greatly  in  shape  and  con¬ 
struction  (Baicich  and  Harrison  1997,  Collias 
1997,  Sheldon  and  Winkler  1999),  including 
cavity  nests  (Skutch  1976;  Eberhard  1998, 
2002).  Among  cavity  nesters,  some  bird  spe¬ 
cies  nest  in  clay  or  sand  cavities  (e.g.,  bee- 
eaters,  motmots,  jacamars,  kingfishers) 
(Skutch  1976),  other  species  nest  in  cavities 
excavated  in  termitaria  or  wasp  nests  (e.g., 
trogons,  parrots)  (Juniper  and  Parr  1998, 
Johnsgard  2000,  Brightsmith  2004),  and  an¬ 
other  group  nests  in  natural  cavities  or  cavities 
constructed  by  other  birds  in  branches  or  dead 
trunks  of  broken,  or  fungi-infested  trees  (e.g., 
woodpeckers,  ducks,  swallows,  owls)  (Ren- 
dell  and  Robertson  1989,  Belthoff  and  Ritch- 
ison  1990,  Conner  et  al.  2001). 

Birds  nesting  in  tree  cavities  are  generally 
classified  into  three  groups:  cavity  excavators 
(excavators),  wood-cavity  adopters  or  second¬ 
ary  cavity  nesters  (adopters),  and  weak  cavity 
excavators  (for  our  purpose  we  include  these 
birds  in  the  previous  category)  (Schepps  et  al. 
1999,  Aitken  et  al.  2002,  Eberhard  2002).  Ex¬ 
cavators  construct  their  own  nests,  investing  a 
large  amount  of  time  and  energy  in  their  con¬ 
struction  (Conner  et  al.  1976,  Martin  1993). 
Adopters  nest  in  natural  cavities  (cavities  not 
constructed  by  other  birds),  or  in  abandoned 


1  Escuela  de  Biologfa,  Universidad  de  Costa  Rica, 
San  Pedro  de  Montes  de  Oca,  Costa  Rica. 

2  Corresponding  author;  e-mail:  biosandoval@ 
hotmail.com 


cavities  excavated  by  other  birds,  or  usurp  oc¬ 
cupied  cavity  nests  (Wesolowski  2000,  Aitken 
et  al.  2002).  The  population  size  of  both 
groups  may  be  limited  by  the  presence  of  ap¬ 
propriate  sites  for  nesting  (Rudolph  and  Con¬ 
ner  1991,  Schepps  et  al.  1999).  Excavators  are 
limited  by  the  suitability  of  appropriate  sub¬ 
strates  to  construct  their  cavities,  whereas  cav¬ 
ity  adopters  are  likely  affected  by  the  abun¬ 
dance  of  suitable  nesting  cavities. 

There  is  considerable  variation  among 
wood-cavity  adopters  in  selection  of  nest  cav¬ 
ities  and,  consequently,  considerable  variation 
in  dependence  on  cavities  excavated  by  ex¬ 
cavators  (Aitken  et  al.  2002).  In  Costa  Rica, 
tityras  and  pygmy-owls  use  mostly  pre-dug 
holes,  mainly  by  woodpeckers  (Skutch  1946, 
Marin  and  Schmitt  1991;  pers.  obs.).  The  ma¬ 
jority  of  wood-cavity  adopters,  such  as  fly¬ 
catchers  (Young  and  Zook  1999),  parrots 
(Lanning  1991,  Juniper  and  Parr  1998),  swal¬ 
lows  (Rendell  and  Robertson  1989),  falcons 
(Mader  1979),  and  macaws  (Vaughan  et  al. 
2003),  use  natural  and/or  pre-dug  cavities  for 
nesting.  The  dependence  of  adopters  on  cav¬ 
ities  dug  by  excavators  has  been  better  studied 
in  North  American  and  European  forests  (Petit 
et  al.  1985,  Aitken  et  al.  2002,  Giese  and 
Cuthbert  2003).  Little  is  known  about  selec¬ 
tion  and  dependence  of  adopters  on  cavities 
dug  by  excavators  in  the  Neotropics. 

Standing  dead  trees  in  tropical  forests  suit¬ 
able  for  cavity  construction  are  likely  more 
limited  than  in  temperate  forests  (Gibbs  et  al. 
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TABLE  1 .  Climatic  variables  and  elevation  for  selected  forest  localities  in  Costa  Rica. 

Locality 

Coordinates 

Mean  annual 
temperature  (°C) 

Mean  annual 
rainfall  (mm) 

Elevation  (m) 

Palo  Verde 

10°  21'  N,  85°  21'  W 

24.0 

1,500 

5-100 

Santa  Rosa 

10°  18'  N,  84  °48'  W 

25.7 

1.750 

0-317 

Las  Cruces 

08°  47'  N.  82°  57'  W 

20.1 

3,937 

1,100 

La  Selva 

10°  26'  N,  83°  59'  W 

25.8 

3,962 

35-150 

Villa  Mills 

09°  33'  N,  83°  42'  W 

10.9 

2,679 

3,000 

Osa 

08°  33'  N,  83°  30'  W 

27.4 

6,241 

0-745 

Monteverde 

10°  15'  N,  84°  46'  W 

18.8 

2,519 

1,200-1,800 

Central  Valley 

09°  56'  N,  84°  02'  W 

20.0 

1,902 

1,200 

1993)  because  dead  trees  decompose  faster  in 
tropical  environments.  Conversely,  this  faster 
decomposing  rate  may  create  more  available 
substrates  to  excavate  cavities.  As  with  tem¬ 
perate  species  (e.g.,  Picoides  borealis,  Ru¬ 
dolph  and  Conner  1991;  Melanerpes  erythro- 
ceplxalus,  Conner  and  Adkisson  1977),  a  few 
tropical  woodpeckers  apparently  have  selec¬ 
tivity  for  dead  substrates  for  excavating  their 
cavities  (Sandoval  and  Barrantes  2006).  Se¬ 
lection  of  dead  trees  and  alternative  substrates 
(e.g.,  termite  nests)  in  which  to  construct  their 
cavities  is  poorly  known  for  most  tropical  spe¬ 
cies. 

Our  objectives  were  to:  (1)  describe  the 
species  composition  of  the  wood-cavity  ex¬ 
cavator  and  wood-cavity  adopter  avifaunas  in 
seven  forest  localities  in  Costa  Rica,  and  (2) 
examine  the  relationship  between  species  rich¬ 
ness  of  wood  cavity  excavators  and  cavity 
adopters  in  each  forest  locality.  We  addition¬ 
ally  examined  the  relationship  between  these 
two  groups  and  the  total  avifauna  in  each 
community.  Many  adopter  species  nest. pri¬ 
marily  in  wood  cavities  excavated  by  exca¬ 
vator  species;  consequently,  a  high  correlation 
was  expected  between  these  two  groups  of 
species  across  communities. 

METHODS 

We  gathered  information  on  species  com¬ 
position  and  abundance,  and  cavity  nesting 
behavior  (cavity-excavators  or  cavity-adopt¬ 
ers)  for  all  birds  nesting  in  wood  cavities  in 
seven  forest  localities  in  Costa  Rica  from 
Stiles  (1983),  Stiles  and  Skutch  (1989),  and 
complemented  this  information  with  our  own 
data.  Birds  excavating  in  other  types  of  sub¬ 
strates  (e.g.,  motmots,  kingfishers)  were  ex¬ 
cluded  since  few  other  species  adopt  their  cav¬ 


ities.  The  seven  localities  include  different 
forest  types:  dry  forest  (Palo  Verde  and  Santa 
Rosa  National  parks),  montane  forest  (Mon- 
teverde),  rain  forest  (La  Selva  Biological  Sta¬ 
tion  and  Peninsula  de  Osa),  premontane  for¬ 
ests  (Las  Cruces  Biological  Station  and  Cen¬ 
tral  Valley),  and  high  montane  forest  (Villa 
Mills).  Palo  Verde  and  Santa  Rosa  were  com¬ 
bined  as  Guanacaste  because  of  their  prox¬ 
imity  and  similarity  in  forest  characteristics. 
Forest  vegetation  of  these  localities  was  de¬ 
scribed  by  Hartshorn  (1983)  and  Haber 
(1999).  Climatic  features  of  these  seven  for¬ 
ests  varied  (Table  1). 

We  classified  each  adopter  into  three  cavity 
nesting  categories:  0  =  only  nest  in  natural 
cavities,  1  =  nest  either  in  natural  or  wood¬ 
pecker-excavated  cavities,  and  2  =  nest  pri¬ 
marily  in  cavities  excavated  by  woodpeckers 
(Appendix).  We  also  classified  species  by  for¬ 
est  dependence  following  Stiles  (1985)  where 
1  corresponds  to  species  that  inhabit  mature 
forests,  2  =  species  that  live  in  habitats  with 
50%  or  less  forest  cover,  and  3  =  species  that 
inhabit  open  areas.  Species  that  Stiles  (1985) 
scored  as  1-2  and  2—3  were  re-classified  as 
1.5  and  2.5,  respectively.  Bird  species  were 
also  classified  as  abundant,  common,  uncom¬ 
mon,  or  rare  following  Stiles  (1983)  (abun¬ 
dance  data  are  lacking  for  most  Costa  Rican 
species). 

Only  breeding  species  at  each  locality  with 
scores  for  cavity  nesting  category  of  1  or  2 
were  included  in  our  statistical  analyses.  We 
conducted  a  cluster  analysis  (nearest  neigh¬ 
bor)  based  on  Sprensen’s  Similarity  Index 
(Magurran  1988)  to  examine  similarities  in 
species  composition  of  cavity  nesters  (exca¬ 
vators  and  adopters  combined)  among  locali¬ 
ties.  Pearson  correlations  were  used  to  analyze 
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TABLE  2.  Correlation  between  bird  abundance  (A),  nesting  behavior  (NB),  and  forest  dependence  (FD) 
with  the  three  first  vectors  of  the  bi-plot  analysis  in  seven  forest  localities  in  Costa  Rica. 

Vector 

Locality 

1 

2 

3 

Guanacaste 

A 

=  0.S4 

NB 

=  0.67  FD  =  -0.71 

A  =  -0.54 

La  Selva 

A 

=  0.69  FD  =  0.70 

NB 

=  -0.82 

A  =  0.63  FD  = 

-0.65 

Osa 

A 

=  -0.70  FD  =  0.73 

NB 

=  0.84 

FD  =  0.65 

Las  Cruces 

A 

=  0.79  FD  =  0.81 

NB 

=  -0.95 

A  =  0.55  FD  = 

-0.57 

Villa  Mills 

NB 

=  -0.94 

FD 

=  -0.89 

NB  =  0.33 

Monteverde 

NB 

=  0.82 

FD 

=  0.86 

A  =  -0.51  NB 

=  0.55 

Central  Valley 

A 

=  0.86  FD  =  0.80 

NB 

=  0.76 

A  =  0.49  FD  = 

-0.41 

whether  the  total  number  of  excavators  was 
correlated  with  total  number  of  adopters.  This 
analysis  was  also  used  to  examine  the  rela¬ 
tionship  between  numbers  of  excavators  with 
number  of  adopters  with  a  score  of  1 ,  and  with 
number  of  adopters  with  a  score  of  2.  We  also 
correlated  the  total  number  of  species  for  each 
locality  that  do  not  use  cavities  for  nesting 
using  excavators  and  adopters  with  score  1, 
and  adopters  with  score  2. 

We  first  conducted  a  bi-plot  analysis  in¬ 
cluding  the  abundance  category,  forest  depen¬ 
dence,  and  cavity  nesting  behavior  for  each 
species  to  evaluate  differences  in  these  vari¬ 
ables  between  both  adopter  groups  (those  with 
score  1  or  score  2)  at  each  locality.  This  anal¬ 
ysis  is  appropriate  when  categorical  variables 
are  used  to  classify  species,  and  the  scores 
from  this  analysis  are  continuous  variables 
that  can  be  used  to  test  further  hypotheses 
(Gotelli  and  Ellison  2004).  The  bi-plot  anal¬ 
ysis  groups  species  in  a  multidimensional 
space  defined  by  n-vectors  that  result  from 
combination  of  the  original  variables.  We  se¬ 
lected  the  first  three  vectors  that  explained 
>90%  of  the  total  variance  and  obtained  three 
scores  for  each  species,  one  from  each  vector. 
The  first  vector  was  associated  primarily  with 
bird  abundance  in  five  localities,  forest  depen¬ 
dence  in  four,  and  nesting  behavior  in  two  lo¬ 
calities  (Table  2).  The  second  vector  was  as¬ 
sociated  with  cavity  nesting  behavior  in  five 
localities,  and  forest  dependence  in  three  (Ta¬ 
ble  2).  The  third  vector  was  associated  with 
the  three  variables  but  to  a  lesser  extent  than 
the  previous  two  vectors  (Table  2).  We  con¬ 
ducted  a  MANOVA  with  these  scores,  using 
the  nesting  category  (score  1  and  score  2)  as 
a  grouping  variable.  The  nesting  categories  in¬ 
dicate  the  extent  of  dependence  of  adopters 


for  cavities  constructed  by  excavators.  Wood¬ 
peckers  were  included  in  this  analysis  in  the 
score  2  category  because  they  use  exclusively 
cavities  they  construct  for  nesting.  Use  of 
MANOVA  allowed  us  to  test  whether  birds 
that  we  classified  as  nesting  in  natural  and/or 
woodpecker-excavated  cavities  differed  from 
those  species  that  nest  primarily  in  cavities 
excavated  by  woodpeckers,  based  on  scores 
(from  bi-plot  analysis)  that  combine  forest  de¬ 
pendence,  abundance,  and  cavity  nesting  be¬ 
havior  (excavator  or  adopter)  of  each  species. 
Number  of  excavators  and  adopters  for  each 
abundance  category  were  compared  in  each 
locality  using  a  Chi-square  homogeneity  test. 

RESULTS 

We  found  94  wood-cavity  nesting  species, 
representing  1 1  %  of  the  Costa  Rican  avifauna, 
in  the  seven  localities  (Appendix).  The  num¬ 
ber  of  species  that  nested  in  cavities  ranged 
from  eight  to  55  across  localities.  The  total 
number  of  adopters  and  excavators  was  high 
in  La  Selva,  Peninsula  de  Osa,  and  Las  Cruces 
(Table  3).  Similarity  of  cavity  nesting  avifau¬ 
nas  was  79.4%  between  Las  Cruces  and  Pen¬ 
insula  de  Osa  (Fig.  1),  both  in  the  southern 
Pacific  of  Costa  Rica,  and  65%  between  Pen¬ 
insula  de  Osa  and  La  Selva,  the  two  rainforest 
avifaunas.  The  similarity  of  the  avifauna  of 
the  high-montane  forest  in  Villa  Mills  was 
lowest  when  compared  with  any  other  locality 
(Fig.  1). 

The  total  number  of  adopters  and  adopters 
with  score  1  (species  that  nest  either  in  natural 
or  woodpecker  excavated  cavities)  did  not 
correlate  with  total  number  of  excavators  (r  = 
0.62,  P  =  0.14;  r  =  0.51,  P  =  0.25,  respec¬ 
tively).  However,  number  of  adopters  with 
score  2  (species  that  nest  primarily  in  cavities 
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TABLE  3.  Number  of  cavity-nesting  birds  per  category  of  abundance  and  dependence  on  use  of  cavities 
excavated  by  woodpeckers  in  seven  Costa  Rica  localities.  Parentheses  =  number  of  primary  cavity  excavators. 
*  indicates  significant  differences  (P  <  0.05)  between  excavators  and  adopters  within  each  category  of  abun¬ 
dance,  using  a  Chi-square  homogeneity  test. 


Locality 

Abundance3 

Dependenceb 

Abundant 

Common 

Uncommon 

Rare 

Some 

High 

nc 

Guanacaste 

8(1)* 

7* 

8(3) 

9(1) 

16 

9 

36 

Las  Cruces 

3(1) 

16(7) 

10(6) 

5(1) 

13 

21 

43 

La  Selva 

10(2) 

11(4) 

13(4) 

9(3) 

22 

21 

55 

Villa  Mills 

2(2) 

2(1) 

4(1) 

1 

7 

8 

Osa 

4(1) 

18(9) 

11(3) 

1 

19 

15 

47 

Monteverde 

2(1) 

12(4) 

5(3) 

4(2) 

8 

15 

34 

Central  Valley 

2(1) 

5(1) 

1 

3(1) 

5 

6 

14 

a  Abundance  categories  follow  Stiles  (1983). 
b  Cavity  dependence  is  based  on  Stiles  and  Skutch  (1989). 
c  n  =  number  of  species  nesting  in  natural  cavities. 


excavated  by  woodpeckers),  tended  to  in¬ 
crease  with  number  of  excavators  (r  =  0.72, 
P  =  0.07).  The  richness  of  adopters  with  score 
1  and  excavators  was  not  correlated  with  num¬ 
ber  of  species  that  do  not  use  cavities  for  nest¬ 
ing  present  at  each  locality  (r  =  0.68,  P  = 
0.36;  r  =  0.68,  P  =  0.36,  respectively).  How¬ 
ever,  adopters  with  score  2  were  positively 
correlated  with  the  total  number  of  species 
that  do  not  use  cavities  for  nesting  at  each 
locality  (r  =  0.94,  P  =  0.006). 

The  group  for  two  of  the  seven  localities 
constituted  by  adopters  with  score  2  (high  de¬ 
pendence  on  cavities  excavated  by  woodpeck- 


Distances 

FIG.  1 .  Similarities  among  species  composition  of 
cavity  nesting  birds  from  seven  forests  in  Costa  Rica, 
based  on  the  Sprensen  Similarity  Index.  Composition 
of  cavity  nesting  birds  of  Villa  Mills  differs  most  in 
relation  to  the  other  localities,  whereas  Las  Cruces  and 
Osa  have  the  most  similar  composition  of  cavity  nest¬ 
ing  birds. 


ers  for  nesting)  and  woodpeckers  differed 
from  adopters  with  score  1  (based  on  MAN- 
OVA  analyses):  Guanacaste  (F321  =  6.33,  P 
=  0.003)  and  Peninsula  de  Osa  (F329  =  3.54, 
P  =  0.027).  The  difference  between  groups 
(score  1  vs.  score  2  species)  was  nearly  sig¬ 
nificant  at  Las  Cruces  (F326  =  2.48,  P  =  0.08), 
but  no  significant  differences  were  detected 
between  both  groups  at  La  Selva  (F335  =  1 .86, 
P  =  0.15),  Villa  Mills  (F3A  =  0.42,  P  =  0.75), 
Monteverde  (F3 16  =  2.60,  P  =  0.89),  and  Cen¬ 
tral  Valley  (F3>4  =  0.74,  P  =  0.58).  The  num¬ 
ber  of  species  (excavators  vs.  adopters)  per 
abundance  category  did  not  vary  across  lo¬ 
calities,  except  in  Guanacaste  where  the  num¬ 
ber  of  cavity  excavators  was  much  lower  than 
expected  in  two  abundance  categories:  abun¬ 
dant  and  common- (Table  3). 

DISCUSSION 

The  number  of  adopters  and  excavators  at 
each  locality  reflects,  at  least  partially,  the 
overall  richness  and  composition  of  the  avi¬ 
fauna  of  each  locality.  For  example.  La  Selva 
and  Peninsula  de  Osa  with  the  richest  avifau¬ 
nas  in  Costa  Rica  (Stiles  1983),  also  had  the 
highest  number  of  adopters  and  excavators, 
whereas  the  low  number  of  species  in  both 
groups  present  at  Villa  Mills,  reflected  its  poor 
avifauna  diversity. 

Similarities  in  avifaunal  composition  are  af¬ 
fected  by  similarity  of  habitat  and  distance  be¬ 
tween  localities  (Stiles  1983).  Villa  Mills 
shared  more  species  with  Monteverde  and,  to 
a  lesser  extent  with  the  Central  Valley,  the 
other  highland  localities.  The  largest  similar- 
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ity  of  cavity-nesting  species  was  between  the 
closest  localities  (Peninsula  de  Osa  arid  Las 
Cruces).  The  second  most  similar  pair  of  lo¬ 
calities,  Peninsula  de  Osa  and  La  Selva,  was 
likely  the  result  of  similarities  in  vegetation 
(rainforest)  that  covers  both  regions  (Harts¬ 
horn  1983). 

Our  results  showed  a  lack  of  correlation  be¬ 
tween  total  number  of  excavators  and  the  total 
number  of  adopters.  The  absence  of  correla¬ 
tion  likely  resulted  from  some  (or  many) 
adopters  using  primarily  natural  cavities  rather 
than  cavities  constructed  by  woodpeckers. 
Termite  and  wasp  nests  are  common  in  some 
forests  (Santa  Rosa  and  Palo  Verde)  (Lubin 
1983),  and  these  structures  are  frequently  used 
by  parakeets  (e.g.,  Aratinga  canicularis  and 
Brotogeris  jugularis)  and  trogons  (e.g.,  Tro- 
gon  melanocephalus )  to  construct  their  cavi¬ 
ties.  Natural  cavities,  such  as  those  produced 
by  decomposition  in  broken  branches,  are  also 
frequently  used  by  many  adopters.  The  use  of 
the  abundant  natural  cavities  in  some  locali¬ 
ties  may  relax  the  dependence  of  some  adopt¬ 
ers  on  cavities  excavated  by  woodpeckers. 

Number  of  adopters  that  use  primarily  cav¬ 
ities  excavated  by  woodpeckers  tended  to  in¬ 
crease  with  number  of  excavators,  and  signif¬ 
icantly  increased  with  total  number  of  species 
that  do  not  use  cavities  for  nesting  in  each 
locality.  This  indicates  that  number  of  adopt¬ 
ers  in  a  given  locality  relies,  at  least  in  part, 
on  number  and  possibly  on  abundance  of  ex¬ 
cavators  to  access  appropriate  cavities  for 
nesting.  Furthermore,  in  five  localities  forest 
dependence,  abundance,  and  nesting  behavior 
(represented  by  the  bi-plot  scores)  did  not  dif¬ 
fer  between  species  with  different  dependence 
on  cavities  excavated  by  wood  excavators 
(species  with  cavity  dependence  with  score  1 
or  2). 

The  reduced  number  of  cavity  excavator 
species  in  some  forest  localities  may  be  com¬ 
pensated  by  high  abundance  of  a  few  exca¬ 
vator  species.  Adopters  in  the  dry  forest 
(Guanacaste)  depend  on  only  two  excavator 
species,  Hoffmann’s  Woodpecker  ( Melaner - 
pes  hoffmannii)  and  the  uncommon  Lineated 
Woodpecker  ( Dryocopus  lineatus).  Hoff¬ 
mann’s  Woodpecker  is  abundant  and  con¬ 
structs  many  cavities  during  each  breeding 
season  (pers.  obs.).  Most  adopters  (e.g.,  Tityra 
semifasciata,  Aratinga  canicularis,  Brotogeris 


jugularis,  Myiarchus  tyrannulus )  in  the  dry 
forest  are  similar  in  size  to  Hoffmann’s  Wood¬ 
pecker,  and  these  species  can  use  this  wood¬ 
pecker’s  cavities  for  nesting  without  having  to 
modify  them.  Other  species  (e.g.,  Amazona  al- 
bifrons )  can  modify  woodpecker  cavities  for 
nesting.  More  detailed  studies  are  needed  to 
establish  a  cause-effect  relationship  between 
richness  and  abundance  of  excavators  and 
adopters. 

Climatic  conditions,  including  rainfall, 
wind,  and  storms  may  affect  abundance  and 
longevity  of  cavities  made  by  cavity  excava¬ 
tors.  For  example,  high  precipitation  and  wind 
storms  likely  make  cavities  more  ephemeral 
in  tropical  forests,  where  trees  and  branches 
fall  more  frequently  than  in  temperate  forests 
(Gibbs  et  al.  1993,  Denslow  and  Hartshorn 
1994).  These  conditions  may  also  affect  the 
association  between  adopters  and  excavators 
in  tropical  forests,  contrary  to  temperate  for¬ 
ests  where  adopters  and  excavators  frequently 
have  a  strong  association  (Martin  and  Eadie 
1999).  However,  little  is  known  about  the  ef¬ 
fect  of  climatic  conditions  on  the  abundance 
of  nesting  cavities  in  tropical  forests. 

The  number  (and  percent)  of  cavity  nesting 
species  varies  among  neotropical  forests 
(Monterrubio-Rico  and  Escalante-Pliego 
2006,  Cornelius  et  al.  2008).  Despite  this  var¬ 
iation,  it  is  clear  that  birds  nesting  in  wood 
cavities  constitute  an  important  component  of 
the  neotropical  avifauna  (Gibbs  et  al.  1993). 
However,  cavity-nesting  birds  have  received 
little  attention,  particularly  from  a  conserva¬ 
tion  view.  The  destruction  of  enormous  for¬ 
ested  areas  in  the  Neotropics  (Skole  and  Tuck¬ 
er  1993,  Lobo  et  al.  2007)  largely  threaten 
wood-cavity  nesting  birds.  This  group  of  birds 
is  particularly  susceptible  to  forest  destruction 
as  construction  and  use  of  their  nesting  cavi¬ 
ties  depend  directly  on  the  presence  of  trees. 
Even  alternative  forestry  practices,  such  as  ex¬ 
traction  of  standing  dead  trees,  will  increase 
the  risk  of  extinction  of  local  populations  of 
wood-cavity  nesting  birds  (Newton  1994). 
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APPENDIX 

We  classified  94  species  of  birds  that  nest 
in  wood  cavities  in  seven  Costa  Rican  forest 
localities  into  four  groups:  natural  cavity  nest¬ 
ers,  low  dependence  wood-cavity  adopters, 
primary  wood-cavity  adopters,  and  excava¬ 
tors.  Natural  cavity  nesters  may  use  wood 
nesting  cavities,  but  these  cavities  are  not  suit¬ 
able  to  be  used  by  adopters. 

Natural  cavity  nesters — Cathartidae:  Ca- 
thartes  aura,  C.  burrovianus,  Sarcoramphus 
papa;  Falconidae:  Herpetotheres  cachinnans, 
Micrastur  semitorquatus;  Psittacidae:  Ara  am- 
biguus,  A.  macao;  Tytonidae:  Tyto  alba;  Stri- 
gidae:  Pulsatrix  perspicillata;  Dendrocolapti- 
dae:  Deconychura  longicauda,  Dendrocincla 


homochroa,  Dendrocolaptes  sanctithomae, 
Glyphorhynchus  spirurus,  Sittasomus  grisei- 
capillus,  Xiphorhynchus  lachrymosus,  X.  Su- 
surrans;  and  Formicariidae:  Formicarius  an- 
alis,  F.  nigricapillus. 

Low  dependence  wood-cavity  adopters 
(species  with  score  1,  some  species  occasion¬ 
ally  build  cavities*) — Anatidae:  Dendrocygna 
autumnalis,  Cairina  moschata;  Falconidae: 
Micrastur  ruficollis;  Psittacidae:  Aratinga 
canicularis,  A.  finschi*,  Brotogeris  jugularis, 
Amazona  albifrons,  A.  auropalliata,  A.  autum¬ 
nalis,  A.  farinosa;  Strigidae:  Megascops  cho- 
liba,  M.  cooperi,  M.  guatemalae;  Trogonidae: 
Trogon  clathratus,  T.  massena*,  T.  rufus*,  T. 
violaceus;  Ramphastidae:  Ramphastos  sulfur- 
atus,  R.  swainsonii;  Dendrocolaptidae:  Den¬ 
drocincla  anabatina,  D.  fuliginosa,  Lepido- 
colaptes  affinis,  L.  souleyetii,  Xiphorhynchus 
erythropygius;  Furnariidae:  Philydor  rufum; 
Tyrannidae:  Conopias  albovittatus,  Myiarchus 
nuttingi,  M.  panamensis,  M.  tyrannulus,  Myi- 
odynastes  luteiventris,  M.  maculates;  and  Hi- 
rundinidae:  Progne  chalybea,  Notiochelidon 
cyanoleuca,  Tachycineta  albilinea. 

Primary  wood-cavity  adopters  (species  with 
score  2)  and  cavity  excavators  (species  that 
excavate  their  own  wood  cavities*) —  Psitta¬ 
cidae:  Pyrrhura  hoffmanni*,  Pionopsitta  hae- 
matotis*,  Pionus  senilis;  Strigidae:  Strix  vir- 
gata,  Glaucidium  brasilianum,  G.  costarican- 
um,  G.  griseiceps;  Trogonidae:  Pharomachrus 
mocinno*,  Trogon  collaris,  T.  bairdii*,  T.  ele- 
gans;  Ramphastidae:  Aulacorhynchus  prasi- 
nus,  Eubucco  bourcierii* ,  Pteroglossus  fran- 
tzii,  P-  torquatus,  Selenidera  spectabilis,  Sem- 
nornis  frantzii*;  Picidae:  Picumnus  oliva- 
ceus*,  Melanerpes  formicivorus* ,  M. 
chrysauchen* ,  M.  pucherani*,  M.  rubricapil- 
lus*,  M.  hoffmannii*,  Sphyrapicus  varius*, 
Picoides  villosus*,  Veniliornis  fumigatus* ,  V. 
kirkii*,  Piculus  simplex*,  P.  rubiginosus  *, 
Celeus  loricatus  *,  C.  castaneus* ,  Dryocopus 
lineatus*,  Campephilus  guatemalensis*;  Den¬ 
drocolaptidae:  Dendrocolaptes  picumus* , 
Xiphocolaptes  promeropirhynchus  ;  Furnari¬ 
idae:  Pseudocolaptes  lawrencii,  Xenops  min- 
utus*,  X.  rutilans;  Tyrannidae:  Colonia  colo- 
nus;  and  Cotingidae:  Tityra  semifasciata,  T. 
inquisitor. 
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DETECTION  PROBABILITIES  OF  WOODPECKER  NESTS  IN 
MIXED  CONIFER  FORESTS  IN  OREGON 
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ABSTRACT. — Accurate  estimates  of  Black-backed  ( Picoides  arcticus)  and  Hairy  Woodpecker  ( P .  villosus) 
nests  and  nest  survival  rates  in  post-fire  landscapes  provide  land  managers  with  information  on  the  relative 
importance  of  burned  forests  to  nesting  woodpeckers.  We  conducted  multiple-observer  surveys  in  burned  and 
unbumed  mixed  coniferous  forests  in  Oregon  to  identify  important  factors  influencing  detection  rates  of  wood¬ 
pecker  nests.  We  found  21  Black-backed  Woodpecker  nests  and  38  Hairy  Woodpecker  nests  in  burned  forest, 
and  three  Hairy  Woodpecker  nests  in  unburned  forest.  Competing  models  of  detection  probability  in  Program 
MARK  indicated  that  nest-detection  probability  differed  by  nest  stage.  We  found  no  evidence  to  indicate  that 
detection  rates  of  nests  were  associated  with  survey  timing  during  the  nesting  season.  Raw  nest  counts  in  burned 
coniferous  forests  may  underestimate  nest  numbers,  especially  for  nests  in  early  stages  of  development.  Black- 
backed  Woodpecker  nests  were  slightly  more  detectable  than  those  of  Hairy  Woodpeckers  in  burned  forests, 
and  observers  may  differ  in  their  abilities  to  detect  nests.  Received  12  February  2008.  Accepted  29  May  2008. 


The  importance  of  estimating  probabilities 
of  detection  for  individuals,  species,  or  age 
classes  has  been  noted  by  many  authors 
(Nichols  1992,  Buckland  et  al.  2001,  Williams 
et  al.  2001,  MacKenzie  et  al.  2006),  and  com¬ 
puter  programs  are  available  for  estimating 
detection  probabilities  for  a  wide  variety  of 
sampling  scenarios.  Program  MARK  (White 
and  Burnham  1999)  and  Program  PRESENCE 
(MacKenzie  et  al.  2006),  for  example,  are 
based  on  generating  estimates  of  detection 
and/or  recapture  probabilities  (p)  to  adjust  ob¬ 
served  counts  of  individual  animals  or  occu¬ 
pied  sites,  and  account  for  differences  in  de¬ 
tection  probabilities  (Nichols  1992).  Despite 
the  volume  of  literature  emphasizing  potential 
biases  that  can  be  induced  by  ignoring  detec¬ 
tion  rates,  few  studies  have  quantified  detec¬ 
tion  rates  for  nests  of  avian  species.  In  the  few 
cases  where  avian  researchers  have  estimated 
detection  probabilities  for  nests,  p  has  varied 
by  observer,  species,  or  habitat  type  (Erwin 
1980,  Ferns  and  Mudge  1981,  Wanless  and 
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Harris  1984.  Rivera-Milan  2001,  McPherson 
et  al.  2003,  Barbraud  et  al.  2004,  Barbraud 
and  Gelinaud  2005). 

Woodpeckers  perform  an  important  ecosys¬ 
tem  function  by  creating  cavities  which  are 
subsequently  used  by  a  number  of  different 
wildlife  species  (Raphael  and  White  1984, 
Murphy  and  Lehnhausen  1998,  Hutto  2006, 
Saab  et  al.  2007).  Previous  studies  have  iden¬ 
tified  post-fire  forests  as  important  nesting 
habitat  for  several  woodpeckers  and  other 
cavity-nesting  species  (Bock  et  al.  1978,  Ra¬ 
phael  and  White  1984,  Saab  and  Powell  2005, 
Saab  et  al.  2007).  Accurate  counts  of  nests 
and  estimates  of  productivity  are  necessary  to 
provide  land  managers  with  information  re¬ 
garding  the  effects  of  management  practices 
(such  as  salvage  logging)  on  these  species.  We 
selected  two  woodpecker  species,  Hairy 
Woodpeckers  ( Picoides  villosus )  and  Black- 
backed  Woodpeckers  (P.  arcticus ),  as  our  fo¬ 
cal  species. 

We  conducted  a  study  using  a  survey  de¬ 
sign  with  independent  observers  to  examine 
whether  probability  of  nest  detection  varied  as 
a  function  of  nesting  stage,  observer,  species, 
season,  and/or  habitat  (burned  or  unburned). 
Our  objectives  were  to:  (1)  identify  important 
factors  affecting  nest  detection  rates  of  the 
two  woodpecker  species,  (2)  quantify  the  de¬ 
tection  rates  of  woodpecker  nests  and  examine 
how  the  probability  of  detection  increases 
from  one  to  three  surveys,  and  (3)  provide 
recommendations  to  improve  the  probability 
of  detecting  woodpecker  nests. 
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We  expected  nest  detection  would  be  highly 
associated  with  nest  stage.  Late-stage  nestlings 
close  to  fledging  are  often  more  conspicuous 
and  vocal  (Best  and  Petersen  1982,  Pietz  and 
Granfors  2000).  Johnson  and  Shaffer  (1990) 
noted  the  number  of  Mallard  (Anas  platyrhyn- 
chos )  nests  found  increased  with  age,  indicating 
nests  were  missed  in  early  stages  for  this  spe¬ 
cies.  Mayfield  (1961,  1975)  methods  for  esti¬ 
mating  nest  success  were  developed  because 
successful  nests  have  a  higher  probability  of  be¬ 
ing  detected  than  failed  nests  due  to  longer  ex¬ 
posure  times,  and  estimates  of  apparent  nest 
success  are  biased  high. 

We  expected  the  day  in  the  season  the  sur¬ 
vey  was  conducted  should  be  related  to  nest 
stage  (more  late  stage  nests  found  later  in  the 
season),  and  potentially  would  be  associated 
with  increasing  nest  detection  rates  later  in  the 
season.  Hairy  and  Black-backed  woodpeckers 
are  similar  with  regard  to  calling  rates,  size, 
foraging  behavior,  and  visual  appearance 
(Dixon  and  Saab  2000,  Jackson  et  al.  2002), 
and  we  expected  detection  rates  to  be  similar 
for  both  species.  We  also  expected  nest  detec¬ 
tion  probability  to  be  lower  in  unbumed  land¬ 
scapes  due  to  denser  vegetation  than  in  forests 
burned  by  wildfire,  and  that  detection  proba¬ 
bility  would  vary  by  observer. 

METHODS 

Study  Area. — We  conducted  this  study  in 
burned  and  unbumed  coniferous  forests  in 
south-central  Oregon.  We  selected  one  un¬ 
burned  250-ha  study  unit  on  The  Nature  Con¬ 
servancy’s  Sycan  Marsh  Reserve,  and  one  on 
the  Fremont-Winema  National  Forest.  Both 
locations  were  subjected  to  similar  manage¬ 
ment  regimes  prior  to  the  implementation  of 
our  study.  Burned  sites  were  in  the  Toolbox 
fire  complex  on  the  Fremont-Winema  Nation¬ 
al  Forest,  which  burned  34,400  ha  in  2002 
(USDA  2002).  We  selected  study  units  within 
the  Toolbox  fire  using  remotely-sensed  data. 
We  selected  units  with  a  mixed  conifer  over¬ 
story  with  >40%  pre-fire  crown  closure  that 
had  been  moderately-severely  burned  follow¬ 
ing  the  wildfire  to  ensure  that  study  units  were 
relatively  uniform.  Eight  units  were  selected 
within  the  burned  area  and  protected  from  log¬ 
ging.  Units  ranged  in  size  from  23  to  106  ha. 
Dominant  tree  species  were  ponderosa  pine 
C Pinus  ponderosa),  lodgepole  pine  (P.  contor- 


ta),  and  white  fir  ( Abies  concolor).  Elevations 
on  the  burned  study  sites  ranged  from  1,500 
to  1,800  m,  and  on  the  unbumed  sites  from 
1,500  to  2,000  m. 

Field  Methods. — We  used  standard  field 
protocols  to  estimate  the  probability  of  nest 
detection  and  to  evaluate  factors  affecting 
those  probabilities  (p )  for  Hairy  and  Black- 
backed  woodpeckers  in  burned  and  unburned 
forests.  We  used  repeated  independent  observ¬ 
er  surveys  to  estimate  the  probability  (p )  of 
detecting  a  nest.  This  survey  design  allowed 
us  to  calculate  the  probabilities  of  nest  detec¬ 
tion  after  one,  two,  or  three  visits,  by  inde¬ 
pendent  observers,  and  to  estimate  total  num¬ 
ber  of  nests  missed  by  all  three  observers. 

Observers  alternated  between  surveying 
burned  and  unburned  areas  during  the  season 
to  allow  us  to  separate  seasonal  changes  in  p 
from  habitat  differences  in  p.  Survey  effort 
(observer  hours)  was  equal  in  both  burned  and 
unbumed  areas;  however,  low  nest  densities  in 
the  unbumed  areas  allowed  observers  to  sur¬ 
vey  longer  transects  and  more  area.  We  sur¬ 
veyed  435  and  241  ha  in  unbumed  and  burned 
forests,  respectively. 

Transects  were  200  m  apart  and  placement 
was  designed  to  cover  the  entire  area  of  the 
study  unit  without  overlap.  The  200-m  wide 
transects  ranged  in  length  from  0.5  to  2.0  km, 
depending  on  study  unit  size.  Three  observers 
systematically  surveyed  the  full  length  and 
width  of  each  transect.  All  three  surveys  oc¬ 
curred  within  3-5  days  from  May  to  June 
2006.  A  short  interval  was  used  to  minimize 
the  probability  that  nests  would  advance  from 
one  stage  to  another  (i.e.,  eggs  to  nestlings). 
Surveys  ceased  at  noon  and  were  not  con¬ 
ducted  during  inclement  weather  conditions 
(raining  or  extreme  wind).  The  order  in  which 
observers  surveyed  each  transect  varied,  and 
one  observer  was  not  always  the  first  observer 
to  survey  a  transect  line.  The  order  in  which 
transects  were  surveyed  was  random. 

Observers  played  calls  of  Black-backed  and 
Hairy  woodpeckers  along  a  transect  line  every 
200  m  following  the  protocols  of  Dudley  and 
Saab  (2003).  When  observers  detected  a 
Hairy  or  Black-backed  Woodpecker,  they 
spent  £90  min  attempting  to  follow  the  bird 
and  locate  its  nest.  If  a  nest  was  found,  the 
observer  recorded  the  spatial  coordinates  of 
the  nest,  how  long  it  took  to  locate  the  nest. 
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the  bird  species,  and  any  behavioral  cues  that 
indicated  the  stage  of  the  nesting  attempt. 
When  possible,  observers  used  a  treetop-peep- 
er  (video  camera)  (TreeTop  II  System,  Sand¬ 
piper  Technologies  Inc.,  Manteca,  CA,  USA) 
to  further  establish  the  stage  of  the  nesting 
attempt  (Dudley  and  Saab  2003). 

We  defined  and  assigned  each  nest  to  one 
of  three  nest  stages  depending  on  nest  status 
(i.e.,  eggs,  recently  hatched,  or  older  nest¬ 
lings).  If  we  observed  eggs  or  incubation  be¬ 
havior  (adults  returning  to  the  cavity  without 
food  and  remaining  in  the  cavity  for  a  long 
period  of  time),  the  nest  was  considered  an 
“early”  stage  nest.  “Middle”  stage  nests  were 
those  where  we  observed  nestlings  or  feeding 
behavior  inside  the  nest  cavity.  If  we  observed 
nestlings  feeding  or  perched  at  the  cavity  en¬ 
trance  (i.e.,  near  fledging),  the  nest  was  clas¬ 
sified  a  “late”  stage  nest. 

Statistical  Analyses. — We  treated  each  ob¬ 
served  nest  as  an  individual  in  Program 
MARK  and  constructed  a  detection  history  of 
zeros  and  ones  indicating  detection  by  partic¬ 
ular  observers.  For  example,  a  nest  found  by 
observer  #1  but  not  observers  #2  or  #3  would 
receive  a  detection  history  of  “100”.  A  closed 
capture  Huggins  estimator  with  a  logit-link 
function  in  Program  MARK  (Huggins  1989) 
enabled  us  to  estimate  population  sizes  from 
initial  capture  and  recapture  probabilities  (in 
our  case  detection  probabilities),  and  allowed 
inclusion  of  individual  covariates  to  model  de¬ 
tection  probabilities. 

Closed-capture  models  assume  that  survival 
probability  is  1.0  for  all  individuals  for  short 
time  intervals  between  sampling  occasions 
(White  and  Burnham  1999).  Given  previous  re¬ 
search  indicating  that  daily  nest  survival  rates 
are  high  for  these  two  species  (Saab  et  al.  2007), 
we  assumed  the  nest  did  not  fail  over  the  short 
time  period  during  which  the  three  observers 
surveyed  each  transect.  Previous  estimates  of 
daily  nest  survival  in  an  unlogged  post-fire  land¬ 
scape  of  Idaho  were  0.995  (95%  Cl  [0.982- 
0.999])  for  Black-backed  Woodpeckers  and 
0.989  (95%  Cl  [0.979-0.994])  for  Hairy  Wood¬ 
peckers  (Saab  et  al.  2007).  Thus,  probability  of 
nest  failure  within  a  5-day  period  was  0.05  for 
Hairy  Woodpeckers  and  0.02  for  Black-backed 
Woodpeckers;  we  believe  we  were  justified  in 
choosing  a  closed-capture  model  for  this  study. 

We  generated  an  a  priori  list  of  candidate 


TABLE  1 .  Model  selection  results  based  on  closed 
capture  Huggins  models  of  detection  probability  for 
two  woodpecker  species  in  burned  and  unburned  for¬ 
ests  in  south-central  Oregon.  Models  are  ranked  from 
most  plausible  (AAICc  =  0)  to  least  plausible;  k  is  the 
number  of  parameters.  Forty-one  Hairy  Woodpecker 
and  21  Black-backed  Woodpecker  nests  were  included 
in  the  analyses. 


Model 

AAICc 

AICc  wt 

k 

Stage 

0.0 

0.55 

3 

Stage  and  species 

1.6 

0.24 

4 

Observer  and  stage 

2.0 

0.20 

5 

Observer,  species,  stage 

8.0 

0.01 

8 

Constant 

14.2 

0.00 

1 

Species 

16.1 

0.00 

2 

Day  in  season 

16.1 

0.00 

2 

Day  in  season  and  species 

16.2 

0.00 

3 

Observer 

18.0 

0.00 

3 

Observer  and  day 

18.2 

0.00 

4 

Observer  and  species 

22.4 

0.00 

6 

models  of  detection  probability  including  a 
model  of  constant  detection  as  well  as  models 
that  varied  across  burned  and  unburned  forest, 
nest  stages,  and  species.  We  selected  top  mod¬ 
els  of  nest  detection  probability  using  infor¬ 
mation  theoretic  approaches  (Burnham  and 
Anderson  2002).  Day  in  season  the  survey  oc¬ 
curred  was  calculated  as  a  continuous  covar¬ 
iate  with  the  first  day  of  the  first  survey  equal 
to  day  1.  We  did  not  include  day  in  season 
and  nest  stage  in  the  same  model  because 
these  variables  were  confounded  with  one  an¬ 
other.  We  used  the  delta  method  (Seber  1 982) 
to  estimate  95%  confidence  limits  for  proba¬ 
bilities  of  detection  as  functions  of  variables 
in  the  best  models. 

RESULTS 

Searchers  located  21  Black-backed  Wood¬ 
pecker  (21  in  burned  and  zero  in  unburned 
forest)  and  41  Hairy  Woodpecker  nests  (38  in 
burned  and  3  in  unburned  forest).  We  did  not 
include  habitat  as  a  factor  in  our  candidate 
models  due  to  small  sample  sizes  in  the  un¬ 
burned  landscape.  Detection  probabilities  var¬ 
ied  as  a  function  of  nest  stage,  species,  and 
observer  (Table  1).  Later  stage  nests  were 
more  detectable  than  early  stage  nests,  and 
Black-backed  Woodpecker  nes.ts  were  slightly 
more  detectable  than  those  of  Hairy  Wood¬ 
peckers.  Fifty-five  percent  of  the  model 
weight  was  associated  with  the  model  con- 
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TABLE  2.  Parameter  estimates  from  best  models 
of  nest  detection  probability  for  two  woodpecker  spe¬ 
cies  in  a  mixed  conifer  forest  in  south-central  Oregon. 
Estimates  are  the  probability  that  an  observer  will  lo¬ 
cate  a  nest  on  one  survey. 


Detection 

probability 

Estimate 

95%  C.I. 

Black-backed  Woodpecker 

Early  stage 

0.4 

0.23-0.60 

Middle  stage 

0.6 

0.36-0.75 

Late  stage 

0.9 

0.75-0.96 

Hairy  Woodpecker 

Early  stage 

0.3 

0.18-0.53 

Middle  stage 

0.5 

0.36-0.64 

Late  stage 

0.9 

0.71-0.95 

Early  1  visit 
Early  2  visits 
Early  3  visits  _ 
Middle  1  visit 
Middle  2  visits 
Middle  3  visits 
Late  1  visit 
Late  2  visits 


□Hairy  Woodpecker 
■  Black-backed  Woodpecker 


C 


□ 


i  ■~~l 


l  ■  l 


taining  nest  stage  only,  24%  was  associated 
with  the  model  that  also  included  a  species 
effect,  and  20%  was  associated  with  a  model 
including  both  observer  and  nest  stage  effects. 
The  probability  of  detecting  a  nest  with  only 
one  survey  was  <0.50  for  early  stage  nests  of 
both  species,  but  increased  to  >0.90  for  late 
stage  nests  of  both  species  (Table  2). 

The  estimated  percentage  of  early  stage 
nests  that  was  missed  for  three  visits  by  in¬ 
dependent  observers  was  21.3%  for  Black- 
backed  Woodpeckers  and  29.6%  for  Hairy 
Woodpeckers  (Table  3).  Confidence  limits  on 
these  estimates  ranged  from  6  to  55%,  sug¬ 
gesting  that  substantial  numbers  of  early  stage 
nests  were  potentially  missed.  The  estimated 
percentage  of  middle  stage  nests  missed  was 
lower  than  for  early  stage  nests  (8.0%  for 
Black-backed  Woodpeckers  and  12.8%  for 
Hairy  Woodpeckers).  We  estimated  the  per¬ 
centage  of  late  stage  nests  missed  was  small 
(<1%)  for  both  species  (Table  3). 


Late  3  visits  - 

i - 1 - 1  i  r 

0.0  0.2  0.4  0.6  0.8 

Detection  probability 


1.0 


FIG.  1 .  Estimates  of  detection  probabilities  (prob¬ 
ability  of  a  nest  being  detected  after  1,  2,  or  3  visits) 
for  each  nest  stage  from  the  closed  capture  Huggins 
model  in  Program  MARK  for  41  Hairy  Woodpecker 
nests  and  21  Black-backed  Woodpecker  nests  in  south- 
central  Oregon.  Bars  indicate  95%  confidence  inter¬ 
vals,  boxes  indicate  average  detection  probability. 


The  probability  of  nest  detection  increased 
in  the  early  nesting  stage  from  0.4  (95%  Cl 
[0.23-0.60])  for  one  visit  to  0.8  (95%  Cl 
[0.55-0.94])  for  three  visits  for  Black-backed 
Woodpeckers  and  from  0.3  (95%  Cl  [0. 1 8 — 
0.53])  to  0.7  (95%  Cl  [0.45-0.90])  for  Hairy 
Woodpeckers  (Fig.  1).  A  similar  increase  was 
observed  for  middle  stage  nests  of  both  spe¬ 
cies.  The  detection  probabilities  of  late  stage 


TABLE  3.  Estimates  of  nest  numbers  (N)  from  closed-capture  Huggins  model  in  Program  MARK  for  two 
woodpecker  species  in  a  mixed  conifer  forest  in  south-central  Oregon.  Estimates  of  nest  numbers  are  based  on 
three  surveys. 


Species  and  stage 

Count 

N  (95%  C.I.) 

%  Missed 

Black-backed  Woodpecker 

Early  Stage 

10 

12.7  (10.7-18.3) 

21.3  (6.3-45.3) 

Middle  Stage 

6 

6.5  (6.1-8. 1) 

8.0  (1.5-25.8) 

Late  Stage 

5 

5.0  (5.0-5. 1) 

0.2  (0.0-1. 7) 

Hairy  Woodpecker 

Early  Stage 

10 

14.2  (11.1-22.2) 

29.5  (10.2-55.0) 

Middle  Stage 

21 

24.1  (22.1-28.6) 

12.8  (4.9-26.5) 

Late  Stage 

10 

10.0  (10.0-10.3) 

0.2  (0.0-2.4) 
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nests  of  both  species  was  greater  than  0.8  for 
one  visit  and  approached  one  for  three  visits 
(Fig.  1). 

Differences  between  probabilities  of  detec¬ 
tion  for  early  versus  late  stages  and  middle 
versus  late  stages  were  large  (>0.3)  for  both 
species,  indicating  that  late  stage  nests  were 
more  detectable  than  early  and  middle  stage 
nests.  Estimated  differences  between  detection 
probabilities  for  Hairy  versus  Black-backed 
woodpeckers  for  all  nest  stages  were  small 
(<0.1)  with  non-significant  differences  be¬ 
tween  Black-backed  and  Hairy  woodpeckers 
(Fig.  1 ).  Estimates  of  differences  in  detection 
for  Black-backed  versus  Hairy  Woodpecker 
nests  were  0.07  (95%  Cl  [-0.197-0.335])  for 
early  stage  nests,  0.07  (95%  Cl  [-0.177- 
0.325])  for  middle  stage  nests,  and  0.03  (95% 
Cl  [—0.121-0.182])  for  late  stage  nests. 

One  observer  (observer  A)  was  slightly  bet¬ 
ter  at  finding  nests  in  all  stages  of  develop¬ 
ment  than  the  other  two  observers;  however, 
confidence  limits  for  each  observer  by  stage 
were  wide  and  overlapped  considerably  (Fig. 
2).  Overall,  observer  A  found  —69%  of  all 
nests,  while  observer  B  located  —60%  and  ob¬ 
server  C,  —56%  (Table  4).  This  difference 
was  consistent  across  nest  stages  and  species. 
Observer  B  appeared  to  be  slightly  better  at 
detecting  Black-backed  Woodpecker  nests 
(67%  of  total)  than  Hairy  Woodpecker  nests 
(56%  of  total). 

DISCUSSION 

The  probability  of  a  single  observer  detect¬ 
ing  a  woodpecker  nest  in  a  burned  forest  was 
<1  for  all  observers,  both  species,  and  all  nest 
stages.  These  results  have  implications  regard¬ 
ing  the  validity  of  treating  single-survey  nest 
counts  as  census  data.  We  believe  our  results 
are  relevant  to  other  avian  species  and  urge 
caution  when  interpreting  single-survey  nest 
counts  as  census  data.  Depending  on  the  spe¬ 
cific  goals  of  the  work,  the  results  of  nest  de¬ 
tection  studies  can  be  used  to  improve  survey 
design  by  correcting  for  biased  count  data. 

Observer  and  species  differences  in  detec¬ 
tion  of  nests  are  expected.  Nichols  et  al. 
(2000)  concluded  that  observer  and  species 
differences  account  for  a  large  portion  of  the 
variability  in  detection  probability.  Studies 
surveying  for  multiple  species  of  cavity-nest¬ 
ing  birds  may  find  larger  differences  between 


Detection  probability 

FIG.  2.  Estimates  of  detection  probabilities  of  each 
nest  stage  (early,  middle,  and  late)  from  the  closed 
capture  Huggins  model  in  Program  MARK  for  62 
woodpecker  nests  (Hairy  and  Black-backed)  in  south- 
central  Oregon  for  three  different  observers.  Bars  in¬ 
dicate  95%  confidence  intervals,  boxes  indicate  aver¬ 
age  detection  probability. 

detection  rates  of  different  species  than  we 
found  for  the  two  similar  species  in  this  study. 
Our  results  indicated  that  although  Black- 
backed  Woodpecker  nests  were  slightly  more 
detectable  than  Hairy  Woodpecker  nests,  con¬ 
fidence  limits  overlapped  for  probabilities  of 
detection  in  each  nest  stage.  This  result  may 
have  been  due  to  the  relatively  small  sample 
sizes  of  nests. 

Multiple  surveys  were  effective  at  finding 
successful  nests  (i.e.,  late  stage  nests),  and 
these  nests  were  more  likely  to  be  included  in 
the  data  set  than  nests  that  failed  before  reach¬ 
ing  later  developmental  stages.  Differences  in 
probabilities  of  detection  between  nest  stages 
for  woodpecker  nests  in  the  mixed-coniferous 
forests  of  Oregon  may  have  consequences  for 
estimates  of  nest  survival  if  nest  survival 
varies  as  a  function  of  nest  stage  (Grant  et  al. 
2005).  Numerous  methods  exist  for  incorpo¬ 
rating  effects  of  nest  stage  or  age  on  nest  sur¬ 
vival  including  methods  that  are  appropriate 
when  nest  age  is  unknown  (Dinsmore  et  al. 
2002,  Jehle  et  al.  2004,  Rotella  et  al.  2004, 


Russell  et  al.  •  ESTIMATING  DETECTION  RATES  OF  WOODPECKER  NESTS 


87 


TABLE  4.  Number  of  nests  found,  and  percentage 
of  total  nests  found  for  each  species  and  nest  stage  for 
each  of  three  independent  observers.  All  three  observ¬ 
ers  surveyed  the  same  area  within  3-5  days.  The  order 
in  which  the  observers  surveyed  the  area  was  random. 


Species 

Early 

Middle 

Late 

Totals 

% 

Black-backed  Woodpecker 
Observer  A  8  3 

4 

15 

71.4 

Observer  B 

5 

5 

4 

14 

66.7 

Observer  C 

5 

3 

4 

12 

57.1 

Hairy  Woodpecker 
Observer  A  6 

10 

12 

28 

68.3 

Observer  B 

5 

6 

12 

23 

56.1 

Observer  C 

4 

9 

10 

23 

56.1 

Both  species 

Observer  A 

14 

13 

16 

43 

69.4 

Observer  B 

10 

11 

16 

37 

59.7 

Observer  C 

9 

12 

14 

35 

56.5 

Stanley  2004).  Rotella  (2007)  cautioned  that 
methods  of  Dinsmore  et  al.  (2002)  and  Rotella 
et  al.  (2004)  do  not  account  for  detection  rate, 
are  contingent  on  the  data  set,  and  assume  the 
sample  of  nest  data  is  representative  of  the 
population  of  nest  data.  If  researchers  are 
aware  of  important  factors  influencing  nest 
detection,  they  may  be  able  to  adjust  search 
effort  to  improve  their  ability  to  locate  diffi¬ 
cult  to  detect  nests,  or  detection  rate  could  be 
incorporated  into  estimates  of  nest  survival 
(McPherson  et  al.  2003). 

We  believe  it  is  unlikely  that  we  missed 
late-stage  nests  of  Black-backed  Woodpeckers 
in  the  unburned  forest  given  the  high  proba¬ 
bility  of  detecting  their  late  stage  nests  in 
burned  forests.  Our  results  support  previous 
findings  that  burned  forests  are  important 
nesting  habitat  for  this  species  compared  to 
unburned  forest  (Bock  et  al.  1978,  Raphael 
and  White  1984,  Hutto  1995,  Dixon  and  Saab 
2000,  Hoyt  and  Hannon  2002,  Saab  et  al. 
2007).  Additional  studies  confirming  the  scar¬ 
city  of  Black-backed  Woodpeckers  in  un¬ 
burned  forests  would  be  useful;  however,  ob¬ 
taining  data  on  use  of  unbumed  forests  by 
these  species  would  likely  be  difficult  and  ex¬ 
pensive. 

Recent  literature  has  emphasized  the  im¬ 
portance  of  estimating  detection  rates  when 
conducting  presence/absence  studies  (Dorazio 
et  al.  2006,  MacKenzie  et  al.  2006,  Royle  and 
Kery  -2007).  Our  results  suggest  that  multiple 


surveys  and  different  observers  are  required 
throughout  the  nesting  season  to  ensure  the 
majority  of  nests  are  counted.  Researchers  in¬ 
terested  only  in  the  total  number  of  successful 
nests  may  need  to  only  focus  on  surveying 
during  the  late  nesting  season  (if  the  species 
nests  synchronously  and  renesting  rates  are 
low).  We  recommend  evaluating  detection 
probability  in  all  habitats  of  interest  for  stud¬ 
ies  of  habitat-specific  comparisons  where  hab¬ 
itats  might  have  different  detection  rates. 
However,  in  habitats  where  the  species  is 
scarce,  estimates  of  detection  may  not  be  pos¬ 
sible.  By  quantifying  detection  probability,  re¬ 
searchers  can  have  more  confidence  in  their 
conclusions  regarding  woodpecker  population 
dynamics  and  will  be  less  likely  to  report  mis¬ 
leading  results  on  habitat  preferences. 
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NEST  NICHE  PARTITIONING  OF  LEWIS’S  AND  RED  HEADED 
WOODPECKERS  IN  BURNED  PINE  FORESTS 

KERRI  T.  VIERLING,1'6  DALE  J.  GENTRY,2-4  AND  AARON  M.  HAINES3-5 


ABSTRACT. — Lewis’s  ( Melanerpes  lewis )  and  Red-headed  Woodpecker  ( Melanerpes  erythrocephalus)  breed¬ 
ing  ranges  overlap  slightly,  but  co-occurrence  within  habitats  is  thought  to  be  rare  because  of  niche  similarity. 
Our  objectives  were  to  examine  factors  that  allowed  for  co-existence  in  two  burned  pine  ( Pinus  ponderosa) 
forests  in  the  Black  Hills,  South  Dakota.  We  monitored  53  Lewis’s  and  38  Red-headed  Woodpecker  nests 
between  2002  and  2005,  and  compared  clutch  initiation  dates  and  nest-site  selection.  Clutch  initiation  dates  did 
not  differ  between  species  for  3  of  4  years.  We  compared  multiple  habitat  factors  surrounding  nests  of  the  two 
species,  and  only  tree  and  snag  densities  differed  between  Red-headed  Woodpecker  nest  sites  (65.1  ±  5.78 
stems/ha)  and  those  of  Lewis’s  Woodpeckers  (48.5  ±  6.06  stems/ha).  These  results  are  consistent  with  the 
foraging  techniques  used  by  the  two  species.  We  suggest  that  habitat  partitioning  is  an  important  mechanism  of 
coexistence  for  these  two  species,  but  also  recommend  further  research  on  their  foraging  strategies.  Received  3 
December  2007.  Accepted  2  June  2008. 


The  coexistence  of  ecologically  equivalent 
species  is  unlikely;  mechanisms  that  allow  for 
coexistence  include  habitat  partitioning,  use  of 
resources  during  different  times  (i.e.,  temporal 
partitioning),  and/or  differential  use  of  food 
(Schoener  1974,  Anderson  et  al.  2002).  Hab¬ 
itat  partitioning  between  ecologically  equiva¬ 
lent  avian  species  is  often  evaluated  using 
metrics  such  as  nest  site  selection.  For  ex¬ 
ample,  Martin  and  Martin  (2001)  examined 
the  effect  of  Orange-crowned  Warbler  ( Ver - 
mivora  celata )  removal  on  Virginia’s  Warbler 
(V.  virginiae )  nest  site  selection  and  the  effect 
of  Virginia’s  Warbler  removal  on  Orange- 
crowned  Warbler  nest  site  selection.  The  re¬ 
sponses  were  asymmetric;  Orange-crowned 
Warblers  did  not  shift  nest  sites  in  response  to 
Virginia’s  Warbler  removal  but  Virginia’s 
Warblers  shifted  nest  sites  in  response  to  the 
removal  of  Orange-crowned  Warblers  (Martin 
and  Martin  2001).  These  authors  noted  that  a 
greater  understanding  of  habitat  partitioning  is 
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important,  particularly  regarding  the  potential 
ecological  consequences  of  coexistence  be¬ 
tween  ecologically  similar  species. 

Temporal  partitioning  of  resources  may  also 
allow  for  coexistence  of  ecologically  similar 
species.  For  example,  differences  in  nesting 
phenologies  by  cavity  nesters  may  decrease 
interspecific  interactions  and  faciliate  coexis¬ 
tence.  Ingold  (1989)  studied  the  nesting  phe¬ 
nologies  of  three  co-occurring  cavity  nesters 
in  Ohio.  He  found  that  Red-headed  Wood¬ 
peckers  ( Melanerpes  erythrocephalus)  likely 
experienced  little  competition  from  European 
Starlings  ( Sturnus  vulgaris )  because  of  large 
differences  in  nesting  phenologies,  whereas 
Red-bellied  Woodpeckers  (M.  carolinus)  had 
a  higher  frequency  of  interactions  with  Euro¬ 
pean  Starlings  due  to  similarities  in  nesting 
phenologies  of  the  two  species. 

Lewis’s  ( M .  lewis)  and  Red-headed  wood¬ 
peckers  have  been  hypothesized  to  be  ecolog¬ 
ical  equivalents  (Bock  et  al.  1971)  due  to  sim¬ 
ilarities  in  nest  requirements,  foraging  activi¬ 
ties,  and  life  history  traits.  Lewis’s  Wood¬ 
peckers  are  aerial  insectivores  that  require 
open  forests  in  which  to  flycatch  (e.g.,  Vier- 
ling  1997)  and,  additionally,  require  large 
snags  in  which  to  nest  (Vierling  1997,  Saab 
and  Vierling  2001).  Similarly,  Red-headed 
Woodpeckers  occur  in  open  woodlands  during 
the  breeding  season  and  use  a  diversity  of  for¬ 
aging  habits  including  flycatching,  gleaning, 
and  excavating  (Smith  et  al.  2000).  Both  spe¬ 
cies  store  mast  (e.g.,  acorns,  com,  nuts), 
which  is  a  major  food  supply  throughout  the 
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winter,  and  winter  ranges  are  tightly  correlated 
with  the  location  of  these  food  sources  (Vier- 
ling  1997,  Smith  et  al.  2000). 

Ranges  of  Lewis’s  and  Red-headed  wood¬ 
peckers  do  not  extensively  overlap,  but  areas 
of  sympatry  exist.  Bock  et  al.  (1971)  noted 
that  Lewis’s  and  Red-headed  woodpeckers  co¬ 
occur  in  riparian  habitats  in  eastern  Colorado, 
where  Lewis’s  Woodpeckers  are  resident.  An 
additional  region  of  overlap  during  the  breed¬ 
ing  season  occurs  in  the  Black  Hills,  South 
Dakota;  however,  both  species  migrate  from 
the  Black  Hills  during  fall  due  to  the  lack  of 
storable  mast  in  this  region. 

There  are  few  studies  examining  mecha¬ 
nisms  of  niche  partitioning  between  Red¬ 
headed  and  Lewis’s  woodpeckers.  Bock  et  al. 
(1971)  examined  vocal  characteristics  and 
dominance  behaviors  between  the  two  species 
in  a  cottonwood  ( Populus  spp.)  riparian  forest. 
Lewis’s  Woodpeckers  dominated  43  of  48  of 
these  encounters,  and  the  majority  occurred 
when  Red-headed  Woodpeckers  approached  a 
Lewis’s  Woodpecker  nest  tree  (Bock  et  al. 
1971).  Behavioral  interactions  may  influence 
niche  partitioning,  but  additional  information 
concerning  temporal  and  habitat  partitioning 
is  required  to  better  understand  how  these  two 
species  coexist.  Our  objectives  were  to  ex¬ 
amine:  ( 1 )  the  potential  for  habitat  partitioning 
via  nest  site  selection  by  Lewis’s  and  Red¬ 
headed  woodpeckers  co-occurring  within 
burned  ponderosa  pine  ( Pinus  ponderosa)  for¬ 
ests  in  the  Black  Hills,  South  Dakota,  and  (2) 
the  potential  for  temporal  partitioning  via  dif¬ 
ferences  in  clutch  initiation. 

METHODS 

Study  Sites. — The  Black  Hills  are  an  isolat¬ 
ed  and  forested  mountain  range  rising  >1,000 
m  above  the  Great  Plains  of  western  South 
Dakota  and  northeastern  Wyoming  (Shepperd 
and  Battaglia  2002).  The  Black  Hills  are  dom¬ 
inated  by  ponderosa  pine,  but  also  include 
patches  of  aspen  ( Populus  tremuloides),  paper 
birch  ( Betula  papyrifera),  burr  oak  ( Quercus 
macrocarpa ),  and  white  spruce  ( Picea  glauca) 
(Shinneman  and  Baker  1997).  The  southern 
portion  of  the  Black  Hills  is  arid  and  domi¬ 
nated  by  shortgrass  prairie  and  homogeneous 
ponderosa  pine  forests.  Brown  and  Sieg 
(1996)  suggest  that  low  intensity  surface  fires 
burned  every  10—30  years  in  the  southern 


Black  Hills.  These  fires  reduced  understory 
growth  and  maintained  open  savannah-like 
forests  with  relatively  large  trees. 

We  established  two  old-burn  study  sites  in 
the  southern  Black  Hills  in  2002;  one  each  in 
Custer  State  Park  (CUSP)  and  in  Wind  Cave 
National  Park  (WICA).  Gentry  and  Vierling 
(2007)  provide  a  detailed  study  site  descrip¬ 
tion.  Sites  were  established  based  upon  con¬ 
sultations  with  personnel  of  Wind  Cave  Na¬ 
tional  Park  and  Custer  State  Park  regarding 
homogeneous  ponderosa  pine  forests  burned 
by  high  intensity  wild  fires  11-14  years  prior 
to  the  first  study  year  (Gentry  and  Vierling 
2007).  The  Shirttail  unit  (43°  34'  N,  103°  29' 
W;  374  ha)  was  burned  in  1991  on  the  WICA 
site,  and  overlapped  two  management  bound¬ 
aries.  The  land  was  not  logged  post-fire,  but 
a  portion  of  the  Shirttail  unit  occurred  on  Na¬ 
tional  Forest  land  and  this  unit  was  salvage- 
logged  but  not  clear  cut.  The  second  study  site 
in  CUSP  (the  Galena  unit)  (43°  47'  N,  103° 
21'  W;  190  ha)  was  burned  in  1988  and,  sim¬ 
ilar  to  the  Shirttail  unit,  the  site  experienced 
some  salvage  logging  post-fire  but  was  not 
clear-cut.  Each  study  site  included  a  mosaic  of 
burn  intensities  resulting  in  a  range  of  snag 
densities.  High  severity  fires  created  snag-rich 
areas,  and  low  severity  fires  created  low  den¬ 
sities  of  snags  with  higher  densities  of  live, 
mature  pine  trees  (Gentry  and  Vierling  2007). 
Snags  may  also  be  created  by  fungal  infec¬ 
tions,  but  snags  in  our  areas  lacked  visible 
fungal  conks  and  were  assumed  to  have  been 
killed  by  fire.  The  similar  vegetative  structure 
in  the  two  study  sites  provided  relatively  sim¬ 
ilar  habitats  for  nesting  woodpeckers  (Gentry 
and  Vierling  2007). 

Field  Methods. — We  followed  nest  search¬ 
ing  methods  described  by  Dudley  and  Saab 
(2003)  to  find  Red-headed  and  Lewis’s  Wood¬ 
pecker  nest  cavities  during  the  breeding  sea¬ 
sons  of  2002—2005  in  the  Shirttail  Unit  and 
the  breeding  seasons  of  2003-2005  in  the  Ga¬ 
lena  Unit.  We  established  transects  every  200 
m  within  each  study  site  and  searched  for 
nests  by  walking  each  transect  until  the  entire 
unit  had  been  surveyed  (Dudley  and  Saab 
2003).  We  conducted  nest  surveys  from  late 
May  through  early  July  each  year  coinciding 
with  the  reported  nesting  phenology  of  Lew¬ 
is’s  (Tobalske  1997)  and  Red-headed  wood¬ 
peckers  (Smith  et  al.  2000).  We  monitored 
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nests  every  3-4  days  with  a  TreeTop  cavity 
viewer  (Sandpiper  Technologies  InC.,  Mante¬ 
ca,  CA,  USA)  until  nests  failed  or  young 
fledged.  We  estimated  clutch  initiation  dates 
for  both  species  by  back-dating  from  hatching 
date  and/or  fledging  dates  when  initiation 
dates  were  not  empirically  documented.  Days 
used  to  back-date  to  the  clutch  initiation  date 
for  Lewis’s  Woodpeckers  were  from  Dudley 
and  Saab  (2003)  while  those  used  to  back-date 
to  clutch  initiation  date  for  Red-headed  Wood¬ 
peckers  were  based  on  Smith  et  al.  (2000). 

We  followed  Bate  and  Saab  (2005)  to  mea¬ 
sure  vegetative  characteristics  at  nest  sites  and 
random  sites  to  describe  habitat  preferences  of 
cavity  nesting  birds.  Paired  random  sites  were 
used  to  represent  available  habitat  and  were 
selected  through  use  of  a  random  number  gen¬ 
erator  that  generated  a  GPS  (Global  Position¬ 
ing  System)  point.  We  used  the  tree  nearest  to 
that  GPS  point  to  represent  the  center  of  the 
random  plot.  We  established  50-m  transects  in 
the  four  cardinal  directions  radiating  from  the 
nest  tree  or  the  random  plot  center  (Bate  and 
Saab  2005).  A  circular  plot  with  a  4-m  di¬ 
ameter  was  established  at  the  end  of  the  north 
and  south  transects,  and  at  the  central  tree  for 
a  total  of  three  circular  plots.  The  center  point 
of  each  circular  plot  was  the  50-m  mark  of  the 
north  and  south  transects  but  the  plot  at  the 
central  tree  was  4  m  north  of  the  tree  so  the 
edge  of  the  circle  touched  the  base  of  the  tree. 
We  counted  stems  of  woody  plants  >50  cm 
tall  within  each  circular  plot  to  estimate  shrub 
density,  and  counted  trees  and  snags  with  &23 
cm  dbh  (Bate  and  Saab  2005).  We  measured 
dbh  (diameter  at  breast  height)  using  a  dbh 
caliper  and  tree  heights  were  obtained  using 
clinometers. 

Statistical  Analyses. — We  modeled  habitat 
use  versus  availability  for  both  woodpecker 
species  using  logistic  regression  and  an  infor¬ 
mation-theoretic  approach  (AIC;  Burnham 
and  Anderson  2002).  We  used  the  AIC  ap¬ 
proach  to  identify  the  best  model  among  an  a 
priori  set  consisting  of  a  fully  parameterized 
global  model  and  its  reduced  forms.  The  glob¬ 
al  model  consisted  of  four  parameters:  dbh  of 
the  nest  tree,  nest  tree  height,  shrub  density, 
and  tree  stem  density.  Alternative  models  con¬ 
sisted  of  different  combinations  of  these  pa¬ 
rameters.  These  variables  were  chosen  be¬ 
cause  they  have  been  reported  to  be  important 


factors  in  nest-site  selection  for  Red-headed 
Woodpeckers  in  other  regions  (Smith  et  al. 
2000),  or  have  been  reported  to  be  important 
factors  in  nest-site  selection  for  Lewis’s 
Woodpecker  (Vierling  1997).  We  focused  on 
microhabitat  variables  (i.e.,  variable  closest  to 
the  nest  tree)  because  we  hypothesized  that 
niche  partitioning  relating  to  nest  sites  would 
most  likely  be  functioning  at  this  spatial  scale. 
We  included  all  possible  combinations  of 
these  four  parameters  to  construct  15  candi¬ 
date  models  for  each  species  to  examine  use 
versus  availability.  Cavities  used  multiple 
times  were  only  used  once  in  the  analysis  to 
avoid  issues  of  pseudoreplication. 

We  used  logistic  regression  to  model  Red¬ 
headed  Woodpeckers  nesting  in  the  presence 
of  Lewis’s  Woodpeckers  using  species  as  the 
categorical  dependent  variable.  This  approach 
was  used  by  Pasinelli  (2007)  as  he  examined 
nest  site  similarities  between  Great  Spotted 
Woodpeckers  ( Dendrocopus  major)  and  Mid¬ 
dle  Spotted  Woodpeckers  ( D .  medius).  We  in¬ 
cluded  nest  cavity  orientation,  dbh  of  the  nest 
tree,  nest  tree  height,  shrub  density,  and  tree 
stem  density  as  our  parameters.  We  construct¬ 
ed  a  total  of  17  models;  these  models  included 
the  15  described  above  in  addition  to  two 
models  that  included  orientation.  Orientation 
was  included  in  the  global  model  and  was  also 
examined  as  a  first  order  model  affecting  Red¬ 
headed  Woodpecker  nest-site  selection  in  the 
presence  of  Lewis’s  Woodpeckers. 

We  applied  the  Hosmer-Lemeshow  good- 
ness-of-fit  test  to  the  global  model  to  ensure 
that  it  adequately  fit  the  data  (Hosmer  and  Le- 
meshow  2000).  We  identified  the  overdisper¬ 
sion  parameter  (c;  Pearson’s  x2  divided  by  de¬ 
grees  of  freedom)  to  assess  whether  a  quasi¬ 
likelihood  correction  was  necessary  (Burnham 
and  Anderson  2002).  We  selected  among  can¬ 
didate  models  using  Akaike’s  information  cri¬ 
terion  corrected  for  small  sample  sizes  (AICc), 
and  calculated  the  AAICc.  The  AAICc  is  the 
difference  between  the  model  with  the  lowest 
AAIC,  score  and  each  other  candidate  model. 
Generally,  a  A  AIC,  score  between  0  and  2  rep¬ 
resents  substantial  support  for  the  model,  a 
AAICc  between  4  and  7  represents  much  less 
support  for  the  model,  and  a  AAICc  of  greater 
than  10  represents  essentially  no  support  for 
the  model  (Burnham  and  Anderson  2002).  We 
calculated  the  adjusted  odds  ratios  and  95% 
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TABLE  1 .  Nest  site  characteristics  (mean  ±  SE)  of  Red-headed  and  Lewis’s  woodpeckers  in  burned  pon- 
derosa  pine  forests  in  the  Black  Hills,  South  Dakota  in  2002-2005.  Orientation  categories  are:  1  =  north  facing 
(316-45°),  2  =  west  facing  (46-135°),  3  =  south  facing  (136-225°),  and  4  =  east  facing  (226-315°)  and  represent 
%  of  cavities  within  each  category.  Only  nest  cavities  that  were  used  once  were  included  in  the  analysis.  Cavity 
orientation  was  not  applicable  (NA)  for  random  sites  because  these  sites  did  not  contain  trees  with  cavities. 


Characteristics 

Red-headed  Woodpecker 
(n  =  36) 

Lewis’s  Woodpecker 
(n  =  46) 

Random  sites  (n  =  33) 

Diameter  at  breast  height,  cm 

37.8  ±  1.46 

38.2  ±  1.09 

31.1  ±  1.07 

Cavity  tree  height,  m 

10.7  ±  0.65 

10.1  ±  0.57 

6.4  ±  0.49 

Orientation  category,  %  frequency  of  occurrence 

1 

16.6 

28.2 

NA 

2 

41.7 

36.9 

NA 

3 

33.3 

21.7 

NA 

4 

8.3 

13.1 

NA 

Tree  and  snags  >  23  cm  dbh/ha 

65.1  ±  5.78 

48.5  ±  6.06 

86.8  ±  17.3 

Shrub  stems  <  5  cm  dbh/ha 

9,048  ±  2,690 

6,165  ±  786 

3,167  ±  1,050 

confidence  intervals  for  model  parameters  for 
each  model  with  an  AAICc  <  2. 

Clutch  initiation  dates  were  converted  to 
Julian  dates  and  species-specific  initiation 
dates  were  compared  for  each  year  using  a 
Mann-Whitney  test  due  to  non-normality  of 
the  data.  All  values  are  presented  as  means  ± 
standard  errors  (SE),  and  P  <  0.05  was  con¬ 
sidered  statistically  significant. 

RESULTS 

We  monitored  53  Lewis’s  and  38  Red-head¬ 
ed  Woodpecker  nests  between  2002  and  2005. 
Lewis’s  Woodpeckers  initiated  nests  earlier 
than  Red-headed  Woodpeckers  in  each  year  of 
study  with  average  initiation  dates  of  5  June 
for  Lewis’s  Woodpeckers  and  9  June  for  Red¬ 
headed  Woodpeckers  over  the  duration  of  the 
study.  Clutch  initiation  dates  did  not  differ  be¬ 
tween  species  in  2002  (W  =  164.0,  P  >  0.06), 
2003  (W  =  250.5,  P  >  0.27),  and  2004  (W  = 
123.0,  P  >  0.08).  Clutch  initiation  dates  were 
significantly  different  in  2005  (W  =  35.0,  P 
<  0.03)  with  Lewis’s  Woodpeckers  nesting  an 
average  of  10  days  earlier  than  Red-headed 
Woodpeckers. 

Nest-site  selection  models  were  based  upon 
46  Lewis’s  Woodpecker  nests  and  36  Red¬ 
headed  Woodpecker  nests.  The  overall  sample 
size  was  reduced  from  the  total  number  of 
monitored  nests  because  some  nests  were  used 
multiple  times  and  were  only  included  in  the 
analysis  once.  Both  species  nested  exclusively 
in  ponderosa  pine,  and  all  trees  and  snags 


sampled  within  the  random  plots  were  pon¬ 
derosa  pine.  Nest-site  characteristics  for  both 
species  (Table  1)  were  similar  and  selection 
for  nest  sites  compared  to  availability  was  also 
similar.  The  model  which  contained  dbh  of  the 
nest  tree,  nest  tree  height,  shrub  density,  and 
tree  and  snag  stem  density  (i.e.,  the  global 
model)  was  best  for  Lewis’s  Woodpeckers 
(Table  2);  sites  were  more  likely  to  be  used 
for  nests  if  they  had  larger  and  taller  snags,  a 
higher  density  of  shrubs,  and  fewer  tree  and 
snag  stems  compared  to  random  sites  (Table 
3).  There  were  three  top  models  predicting 
Red-headed  Woodpecker  nest  sites  (Table  2). 
Nest  tree  height  and  shrub  density  were  the 
most  important  predictors  of  Red-headed 
Woodpecker  nest  sites  (w,'=  0.98)  followed 
by  diameter  at  breast  height  of  the  nest  tree 
(w,  =  0.65)  and  stem  density  (w,  =  0.32).  The 
Akaike  odds  ratios  indicated  that  Red-headed 
Woodpecker  occupancy  of  a  nest  site  in¬ 
creased  with  higher  shrub  densities,  and  larger 
and  taller  nest  trees  (Table  3).  We  did  not  use 
a  quasi-likelihood  correction  factor  for  AIGC 
rankings  because  the  overdispersion  parame¬ 
ter  was  close  to  1. 

The  best  model  predicting  Red-headed 
Woodpecker  nest  site  selection  in  the  presence 
of  Lewis’s  Woodpeckers  contained  tree  and 
snag  stem  densities  (Table  2).  Red-headed 
Woodpeckers  were  more  likely  to  nest  in  sites 
that  had  greater  tree  and  snag  stem  densities 
compared  to  Lewis’s  Woodpecker  nest  sites 
(Table  3). 
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DISCUSSION 

Studies  of  niche  partitioning  are  best  ex¬ 
amined  under  experimental  conditions  (e.g., 
Martin  and  Martin  2001)  and,  while  our  study 
consists  solely  of  an  observational  approach, 
it  provides  relevant  information  about  possible 
mechanisms  associated  with  niche  partitioning 
between  Lewis’s  and  Red-headed  woodpeck¬ 
ers.  Temporal  partitioning  as  measured  by  nest 
phenology  did  not  appear  to  be  a  strong  factor 
influencing  coexistence.  Clutch  initiation 
dates  should  differ  if  initiation  date  was  af¬ 
fected  by  the  presence  of  the  other  species 
where  these  species  nest  in  the  absence  of  the 
other.  Lewis’s  Woodpecker  clutch  initiation 
dates  in  the  presence  of  Red-headed  Wood¬ 
peckers  (5  Jun;  our  study)  were  similar  to 
clutch  initiation  dates  recorded  in  the  absence 
of  Red-headed  Woodpeckers  (7  Jun  for  initi¬ 
ation  of  incubation;  Bock  1970).  Red-headed 
Woodpecker  clutch  initiation  dates  in  the  pres¬ 
ence  of  Lewis’s  Woodpeckers  (9  Jun;  our 
study)  were  1  week  earlier  than  clutch  initia¬ 
tion  dates  reported  for  the  Jasper  Fire  (—80 
km  from  our  study  sites),  where  Red-headed 
Woodpeckers  nested  in  the  absence  of  Lewis’s 
Woodpeckers  (17  Jun;  Vierling  and  Lentile 

2006) .  Clutch  initiation  dates  of  Lewis’s 
Woodpeckers  in  our  study  were  earlier  than 
clutch  initiation  dates  for  Red-headed  Wood¬ 
peckers,  but  differences  in  clutch  initiation 
dates  were  significant  only  for  2005.  Clutch 
initiation  dates  may  be  influenced  by  climate 
(Preston  and  Rotenberry  2006,  Dolanec 

2007) ,  availability  of  food  (Wiktander  et  al. 
2001b),  age  of  the  breeding  pair  (Wiktander 
et  al.  2001a),  or  competing  pressures  from 
competitors  and  predators  (Fisher  and  Wiebe 
2006).  It  is  unclear  which  factors  influence 
clutch  initiation  for  the  species  in  this  study; 
additional  data  and  experimental  studies 
would  be  necessary  to  fully  address  this  issue. 

Characteristics  of  Lewis’s  and  Red-headed 
Woodpecker  nest  sites  differed  from  avail¬ 
ability.  Both  species  preferred  trees  or  snags 
that  were  larger  and  taller  than  available  at 
random;  a  preference  for  large  snags  has  been 
reported  elsewhere  (Gutzwiller  and  Anderson 
1987,  Saab  and  Vierling  2001,  Vierling  and 
Lentile  2006).  Large  snags  provide  thermo¬ 
regulatory  stability  (Wiebe  2001)  and  greater 
protection  from  predators  due  to  thicker  walls 
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TABLE  3.  Predictor  variables,  parameter  estimates  ((3),  standard  errors,  odds  ratios,  and  95%  confidence 
intervals  for  the  best  models  explaining  Lewis’s  and  Red-headed  Woodpecker  nest  site  selection  in  the  Black 
Hills,  South  Dakota,  2002-2005.  Confidence  intervals  that  do  not  contain  1  are  considered  statistically  significant. 

Species  and  effect  (3  SE  Odds  ratio  Odds  ratio  Cl 


Lewis’s  Woodpecker  vs.  random 


Model  1: 


Diameter  at  breast  height 

0.207 

Nest  tree  height 

0.421 

Tree  and  snag  density 

-0.021 

Shrub  density 

0.0001 

Red-headed  Woodpecker  vs.  random 

Model  1: 

Nest  tree  height 

0.467 

Shrub  density 

0.0001 

Model  2: 

Diameter  at  breast  height 

0.094 

Nest  tree  height 

0.428 

Shrub  density 

0.0001 

Model  3: 

Diameter  at  breast  height 

0.116 

Nest  tree  height 

0.461 

Shrub  density 

0.0001 

Tree  and  snag  density 

-0.010 

Red-headed  Woodpecker  vs.  Lewis’s  Woodpecker 


Model  1: 

Tree  and  snag  density  0.011 


0.063 

1.23 

1.09-1.39 

0.136 

1.52 

1.17-1.99 

0.007 

0.98 

0.96-0.99 

0.00006 

1.00 

1.00-1.00 

0.124 

1.59 

1.25-2.04 

0.00007 

1.00 

1.00-1.00 

0.051 

1.10 

0.99-1.21 

0.130 

1.53 

1.19-1.98 

0.00007 

1.00 

1.00-1.00 

0.056 

1.12 

1.01-1.25 

0.144 

1.59 

1.20-2.10 

0.00007 

1.00 

1.00-1.00 

0.005 

0.99 

0.98-1.00 

0.006 

1.01 

1.00-1.02 

(Christman  and  Dhondt  1997).  Taller  snags 
may  allow  for  higher  cavity  heights,  which 
have  been  associated  with  higher  nest  success 
for  a  variety  of  cavity  nesters  (Dobkin  et  al. 
1995,  Gault  et  al.  2004).  Additionally,  snags 
are  softer  at  increasing  heights  (Schepps  et  al. 
1999),  and  both  species  are  noted  to  be  weak 
excavators  and  prefer  snags  with  advanced  de¬ 
cay  (Bock  1970,  Smith  et  al.  2000).  Both  spe¬ 
cies  preferred  sites  with  fewer  tree  and  snag 
stems  relative  to  random  sites,  which  may  be 
related  to  flycatching  activities  (Bock  1970, 
Smith  et  al.  2000).  Both  species  also  preferred 
sites  with  more  shrubs  relative  to  availability; 
high  shrub  densities  are  associated  with  high 
insect  prey  abundance  (Bock  1970). 

Lewis’s  and  Red-headed  Woodpecker  nest- 
site  selection  in  the  presence  of  each  other  dif¬ 
fered  only  in  the  tree  and  snag  density  sur¬ 
rounding  the  nest  site;  Red-headed  Wood¬ 
peckers  selected  sites  with  higher  tree  and 
snag  density  than  Lewis’s  Woodpeckers.  The 
preference  for  more  live  trees  and  snags  by 


Red-headed  Woodpeckers  may  be  related  to 
foraging  patterns.  Bock  et  al.  (1971)  noted 
qualitatively  that  Red-headed  Woodpecker 
nest  sites  were  in  less  open  woodlands  com¬ 
pared  to  Lewis’s  Woodpeckers,  and  that  Red¬ 
headed  Woodpeckers  did  not  engage  in  fly- 
catching  forays  as  frequently  as  Lewis’s 
Woodpeckers.  Beetles  comprise  —58%  of  the 
Red-headed  Woodpecker  insect  diet,  and  the 
majority  of  the  insect  diet  (particularly  during 
Jun-Jul)  consisted  .of  species  that  would  be 
gleaned  from  tree  bark  and  leaves  (Beal 
1911).  Additionally,  Smith  et  al.  (2000)  noted 
that  Red-headed  Woodpeckers  use  a  high  di¬ 
versity  of  foraging  techniques  relative  to  other 
North  American  woodpeckers.  Thus,  we  sug¬ 
gest  the  nest  sites  chosen  by  Red-headed 
Woodpeckers  represent  habitats  in  which  a  di¬ 
versity  of  foraging  activities  can  occur  where¬ 
as  the  more  specialized  Lewis’s  Woodpeckers 
(i.e.,  Bock  et  al.  1971)  requires  a  more  open 
habitat  for  its  flycatching. 

Habitat  partitioning  between  Lewis’s  and 
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Red-headed  woodpeckers  may  depend  in  part 
on  behavioral  interactions  between  the  two 
species.  Bock  et  al.  (1971)  noted  multiple  in¬ 
teractions  between  Red-headed  and  Lewis’s 
woodpeckers  on  the  plains  of  Colorado.  We 
observed  few  direct  interactions  between  the 
two  species  throughout  the  4-year  study;  a  sin¬ 
gle  conflict  over  a  nest  site  resulted  in  the 
Lewis’s  Woodpecker  gaining  control  of  and 
nesting  in  the  cavity  (D.  J.  Gentry,  pers.  obs.). 
We  propose  the  interactions  between  these 
species  at  this  site  are  best  described  as  neutral 
because  of  the  relative  lack  of  direct  interac¬ 
tions  between  the  two  species  and  high  nest 
success  of  both  species  (>90%  for  both  spe¬ 
cies;  Gentry  and  Vierling  2007,  Vierling  and 
Gentry  2009).  However,  other  studies  have  re¬ 
ported  differences  in  foraging  behavior  to  ex¬ 
plain  possible  coexistence  between  different 
woodpecker  species  (Hogstad  1971,  1978). 
We  recommend  that  additional  studies  be  con¬ 
ducted  to  evaluate  differences  in  foraging 
strategies,  prey  selection,  and  interspecific  in¬ 
teractions  between  Lewis’s  and  Red-headed 
woodpeckers  to  further  examine  coexistence 
between  these  two  species. 
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EFFECTS  OF  WEATHER  AND  HABITAT  ON  FORAGING 
BEHAVIOR  OF  NON-BREEDING  EASTERN  PHOEBES 

JEFF  R.  TROY* 1-2  AND  JOHN  T.  BACCUS1 

ABSTRACT. — We  investigated  variation  in  foraging  effort  (horizontal  distance  traveled/number  of  foraging 
movements),  percent  of  aerial  hawking  foraging  movements  (attempted  capture  of  prey  from  air),  mean  perch 
height  of  sally  initiation  (height  of  perches  from  which  sallies  are  initiated),  and  mean  sally  distance  (distance 
from  perch  to  prey)  of  non-breeding  Eastern  Phoebes  ( Sayornis  phoebe)  as  a  function  of  weather  and  habitat 
conditions.  Only  ambient  temperature  significantly  correlated  with  foraging  effort  ( r  =  -0.32,  P  =  0.02), 
indicating  Eastern  Phoebes  expended  more  effort  in  search  of  prey  under  colder  conditions.  Both  ambient 
temperature  and  distance  to  nearest  water  source  significantly  correlated  with  aerial  hawking;  however,  the  model 
containing  only  ambient  temperature  best  explained  variation  in  aerial  hawking  ( r  =  0.38,  P  =  0.008),  indicating 
Eastern  Phoebes  attempted  to  hawk  more  prey  from  air  at  warmer  temperatures.  Mean  perch  height  of  sally 
initiation  did  not  correlate  (P  >  0.05)  with  ambient  temperature,  wind  speed,  or  vegetative  density  and  dispersion. 
Mean  sally  distance  did  not  correlate  (P  >  0.05)  with  ambient  temperature,  wind  speed,  or  mean  perch  height 
of  sally  initiation  but  the  natural  log  of  sally  distance  correlated  inversely  (r  =  -0.48,  P  =  0.0004)  with 
vegetative  density  and  dispersion.  The  manner  in  which  Eastern  Phoebes  alter  foraging  behaviors  under  varying 
environmental  conditions,  in  conjunction  with  physiological  adaptations,  may  be  an  important  factor  allowing 
this  species  to  winter  at  higher  latitudes  than  most  other  North  American  tyrant  flycatchers  and  forage  in  multiple 
habitats.  Received  21  November  2007.  Accepted  3  August  2008. 


Ambient  temperature  and  short-term  mete¬ 
orological  variations  influence  foraging  be¬ 
havior  of  many  avian  groups  by  affecting  ther¬ 
moregulation  and  activity  of  flying  insects 
(Taylor  1963,  Kingsolver  1983).  Swallows 
(Hirundinidae),  swifts  (Apodidae),  and  fly¬ 
catchers  (Tyrannidae,  Muscicapidae)  are  par¬ 
ticularly  influenced  by  weather  because  of 
their  niche-driven  exploitation  of  aerial  prey 
(Lack  and  Owen  1955,  Bryant  1973,  Davies 
1977,  Turner  1982,  Murphy  1987,  Teather 
1992).  Among  species  that  consistently  use 
flycatcher  foraging  techniques  (Fitzpatrick 
1980),  low  temperatures,  high  winds,  and 
cloud  cover  are  associated  with  decreased  ae¬ 
rial  hawking  (capture  of  prey  from  air)  (Da¬ 
vies  1977,  Pinkowski  1977,  Murphy  1987, 
Teather  1992),  perch  height  (Pinkowski  1977, 
Teather  1992),  and  sally  distance  (distance 
flown  from  perch  to  prey)  (Teather  1992). 
Weather  also  influences  foraging  effort  ex¬ 
pended  by  birds  that  feed  on  terrestrial  arthro¬ 
pods  and  other  invertebrates.  Cold  tempera¬ 
tures  increase  winter  foraging  effort  by  Black 
Phoebes  ( Sayornis  nigricans )  (Verbeek 
1975b),  Common  Ringed  Plovers  ( Charadrius 
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hiaticula)  (Pienkowski  et  al.  1984),  and  Pip¬ 
ing  Plovers  (C.  melodus)  (Johnson  and  Bal- 
dassarre  1988)  by  reducing  prey  activity  and 
availability. 

Habitat  components  within  the  local  envi¬ 
ronment  affect  avian  foraging  behavior  as 
well  by  influencing  the  abundance  and  distri¬ 
bution  of  prey.  Vegetative  structure  (Robinson 
and  Holmes  1982,  1984)  and  foliage  density 
(Maurer  and  Whitmore  1981,  Sabo  and 
Holmes  1983)  affect  foraging  patterns  of  in¬ 
sectivorous  birds  in  forest  communities.  Prey 
availability  in  different  habitats  influences  for¬ 
aging  effort  of  non-breeding  Canvasbacks 
(Ay  thy  a  valisineria)  (Hohman  and  Rave  1990) 
and  breeding  Blue  Tits  ( Cyanistes  caeruleus) 
(Tremblay  et  al.  2005);  Elepaio  (Chasiempis 
sandwichensis )  use  foraging  maneuvers  in  dif¬ 
ferent  proportions  between  structurally  differ¬ 
ent  habitats  (VanderWerf  1994).  Among  fly¬ 
catchers,  open  country  species  primarily  for¬ 
age  by  aerial  hawking  versus  gleaning  (cap¬ 
ture  of  prey  from  vegetation  or  other 
substrates)  by  species  inhabiting  thickly  veg¬ 
etated  environments  (Fitzpatrick  1981,  Sherry 
1984).  Murphy  (1987)  hypothesized  that  hab¬ 
itat  conditions  affect  use  of  aerial  hawking  by 
Eastern  Kingbirds  ( Tyrannus  lyr annus)',  how¬ 
ever,  to  our  knowledge,  the  effect  of  habitat 
on  flycatcher  foraging  has  not  been  intraspe- 
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cifically  investigated  after  accounting  for  ef¬ 
fects  of  weather. 

The  Eastern  Phoebe  ( Sayornis  phoebe),  a 
tyrant  flycatcher  capable  of  using  different 
foraging  methods  and  habitat  types,  provides 
a  unique  opportunity  to  study  the  simulta¬ 
neous  effects  of  weather  and  habitat  on  fly¬ 
catcher  foraging  behavior.  This  species  win¬ 
ters  throughout  the  southeastern  United  States 
(Bent  1942,  Root  1988)  and  occupies  a  variety 
of  habitats  ranging  from  riparian  woodlands 
to  open  meadows  (Terres  1980).  Eastern 
Phoebes  primarily  forage  on  flying  insects  by 
aerial  hawking;  however,  prey  are  also 
gleaned  from  the  ground,  foliage,  and  other 
substrates,  and  small  fruits  are  occasionally 
eaten  during  colder  periods  (Beal  1912, 
Weeks  1994).  It  seems  likely  that  foraging  be¬ 
haviors  of  Eastern  Phoebes  are  affected  by 
weather,  particularly  ambient  temperature. 
Habitat  may  alter  these  same  behaviors,  al¬ 
though  its  effect  on  flycatcher  foraging  in  a 
species  capable  of  using  multiple  habitats  is 
not  well  documented. 

The  objectives  of  our  study  were  to  inves¬ 
tigate  variation  in  foraging  effort  (horizontal 
distance  traveled/number  of  foraging  move¬ 
ments),  use  of  aerial  hawking,  perch  height  of 
sally  initiation  (height  of  perch  from  which 
sallies  are  initiated),  and  sally  distance  of 
Eastern  Phoebes  during  the  non-breeding  sea¬ 
son  as  a  function  of  weather  and  habitat  con¬ 
ditions.  We  documented  the  general  foraging 
habits  of  this  species  in  south-central  Texas 
and  discuss  the  manner  in  which  foraging  be¬ 
haviors  are  altered  under  varying  environmen¬ 
tal  conditions,  a  potentially  important  factor, 
in  conjunction  with  physiological  adaptations, 
allowing  this  species  to  winter  in  a  colder  cli¬ 
mate  than  most  other  North  American  tyrant 
flycatchers  and  successfully  forage  in  different 
habitat  types.  We  also  address  the  potential 
role  of  foraging  effort  relative  to  available 
food  resources  and  metabolic  needs  in  limit¬ 
ing  the  species’  distribution  in  winter. 

METHODS 

Field  Methods. — We  observed  foraging 
Eastern  Phoebes  in  south-central  Texas  (Bas¬ 
trop,  Colorado,  Hays,  Travis,  and  Williamson 
counties)  in  state,  county,  and  city  parks  from 
November  2004  through  February  2005.  We 
observed  birds  using  10  X  42  mm  binoculars. 


We  established,  a  priori,  that  observational 
periods  should  last  no  less  than  4  min  and 
observations  would  begin  no  less  than  1  min 
after  locating  an  individual  or  following  the 
onset  of  foraging  behavior.  Each  attempt  at 
prey  capture  was  considered  a  foraging  move¬ 
ment  (Murphy  1987)  because  of  the  difficulty 
of  measuring  capture  success.  We  used  Fitz¬ 
patrick’s  (1980)  classification  of  tyrannid 
prey-capture  methods  to  record  foraging 
movements  as  aerial  hawks,  perch-to-ground 
sallies,  and  sally  gleans.  Size  of  captured  prey 
was  estimated  in  two  classes:  large  (size  > 
beak  length  of  the  bird)  and  small  (size  < 
beak  length).  We  estimated  perch  heights  and 
all  horizontal  distances  traveled  by  each  phoe¬ 
be  from  0  to  4  m  into  increments:  0.15,  0.3, 
0.5,  1,  1.5,  2,  3,  and  4  m.  Distances  and 
heights  >4  m  were  estimated  to  the  nearest 
meter  using  a  Nikon  Laser  400  range  finder 
(Nikon  Inc.,  NY,  USA).  We  ended  observa¬ 
tions  when  a  bird  flew  out  of  sight,  had  an 
intra-  or  interspecific  interaction,  after  collec¬ 
tion  of  at  least  4  min  of  observational  time, 
or  if  a  bird  looked  directly  at  us  (suggesting 
an  awareness  of  our  presence).  Eastern  Phoe¬ 
bes  are  active  birds  and  do  not  usually  remain 
in  constant  view  for  an  extended  time;  thus, 
observational  periods  <4  min  were  combined 
for  some  individuals  to  achieve  at  least  4  min. 
In  most  cases,  4  min  were  achieved  by  com¬ 
bination  of  two  shorter  observational  periods; 
however,  some  individuals  required  combina¬ 
tion  of  three  periods.  In  analyses,  we  only 
used  individuals  with  4-20  min  of  observa¬ 
tional  time. 

We  measured  visible  light  intensity  (lux) 
with  a  LI-COR  light  meter  (LI-COR  Biosci¬ 
ences,  Lincoln,  NE,  USA)  and  ambient  tem¬ 
perature  (°C)  with  an  LCD  digital  thermome¬ 
ter  while  collecting  foraging  data.  We  grouped 
light  intensities  into  50-lux  increments.  We  es¬ 
timated  wind  speed  as  light  or  moderate.  Light 
winds  caused  little  or  no  movement  of  leaves, 
weed  stalks,  or  tree  branches  (estimated  speed 
0-8  km/hr)  and  moderate  winds  caused  no¬ 
ticeable  continuous  movement  (estimated 
speed  9-25  km/hr). 

We  categorized  vegetative  density  and  dis¬ 
persion  in  a  360°  horizontal  radius  from  each 
foraging  location  into  categories  designated 
1-5:  (1)  open  habitats  exhibiting  sparse  veg¬ 
etation  with  some  perch  sites,  (2)  edge  habitat 
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with  two  different  habitat  types  (e.g.,  forest 
habitat  interfacing  either  a  water  jsource  or 
open  habitat),  (3)  park  habitats  with  scattered 
trees  and  no  understory  or  midstory  vegeta¬ 
tion,  (4)  scattered  trees  with  sparse  understory 
and  midstory  vegetation,  and  (5)  forest  habi¬ 
tats  with  thick  understory  and  midstory  veg¬ 
etation. 

We  estimated  distances  from  foraging  lo¬ 
cations  to  the  nearest  permanent  or  seasonal 
water  source  into  three  categories  (0-25,  26- 
50,  and  >50  m).  Distances  were  categorized 
to  capture  approximate  distances  between 
flight  paths  traveled  by  individuals  and  water 
sources.  No  data  were  collected  during  pre¬ 
cipitation  events  or  high  winds  (estimated 
speed  >25  km/hr). 

Statistical  Analyses. — We  used  Pearson’s 
correlation  analysis  to  test  for  significant  cor¬ 
relations  between  seven  predictors  and  two  re¬ 
sponse  variables:  foraging  effort  and  percent 
of  aerial  hawking  foraging  movements.  Pre¬ 
dictors  included:  ambient  temperature,  visible 
light  intensity,  vegetative  density  and  disper¬ 
sion,  estimated  distance  to  nearest  permanent 
or  seasonal  water  source,  estimated  wind 
speed,  calendar  date,  and  time  of  day.  When 
at  least  two  predictors  significantly  correlated 
with  a  response  variable,  we  investigated  all 
possible  predictor  combinations  and  their 
higher  order  interaction  terms  using  multiple 
linear  regression  and  a  model-selection  pro¬ 
cedure  based  on  AIQ  values  (Sugiura  1978), 
Akaike  weights,  and  number  of  model  param¬ 
eters.  Only  birds  with  >2  foraging  movements 
and  at  least  4  min  of  observational  time  were 
used  in  analyses  of  foraging  effort.  Birds  with 
>4  foraging  movements  and  at  least  4  min  of 
observational  time  were  used  in  analyses  of 
aerial  hawking. 

We  also  used  Pearson’s  correlation  analysis 
to  test  if  ambient  temperature,  estimated  wind 
speed,  and  vegetative  density  and  dispersion 
correlated  significantly  with  mean  perch 
height  of  sally  initiation  and  mean  sally  dis¬ 
tance,  and  if  mean  perch  height  of  sally  ini¬ 
tiation  and  mean  sally  distance  were  signifi¬ 
cantly  correlated.  Mean  sally  distance  was 
natural  log  transformed  for  the  analysis  be¬ 
tween  vegetative  density  and  dispersion  and 
sally  distance  because  a  scatterplot  of  the  data 
revealed  potential  unequal  variance  of  dis¬ 
tance  among  vegetative  categories.  Only  birds 


with  >2  foraging  movements  were  used  for 
these  analyses.  These  analyses  have  a  smaller 
sample  size  than  analyses  of  foraging  effort 
because  of  difficulty  estimating  sally  distance 
and  perch  height  of  sally  initiation  for  four 
individuals.  All  analyses  were  tested  at  a  = 
0.05  and  performed  using  R  Version  2.6.2 
software  (R  Development  Core  Team  2006). 

RESULTS 

General  Foraging  Behavior. — We  observed 
518  foraging  movements  by  65  Eastern  Phoe- 
bes.  Of  these,  496  arthropod-directed  foraging 
movements  were  classified  as  aerial  hawks 
(54.1%),  sally  gleans  (29.5%),  or  perch-to- 
ground  sallies  (15.6%).  The  remaining  forag¬ 
ing  movements  included  four  in  which  prey 
were  assumed  to  be  gleaned  from  the  surface 
of  water  by  three  individuals,  five  in  which  a 
small  fruit  was  eaten  by  one  bird  perched  on 
a  weed  stalk,  and  13  that  were  classified  as 
unknown.  Large  prey  constituted  2.3%  of  ar¬ 
thropod-directed  foraging  movements. 

Foraging  Effort. — Eastern  Phoebes  traveled 
a  mean  (±  SE)  horizontal  distance  per  for¬ 
aging  movement  of  7.54  ±  0.65  m  (n  =  54). 
Vegetative  density  and  dispersion,  wind 
speed,  distance  to  nearest  permanent  or  sea¬ 
sonal  water  source,  light  intensity,  calendar 
date,  and  time  of  day  did  not  significantly  cor¬ 
relate  with  foraging  effort  ( P  >  0.05),  al¬ 
though  foraging  effort  tended  to  increase  with 
distance  from  water  sources  (t52  =  1.79,  r  = 
0.24,  P  =  0.08).  Analysis  of  vegetative  den¬ 
sity  and  dispersion  as  a  fixed  factor  (habitat 
type)  using  a  one-way  ANOVA  revealed  a 
non-significant  relationship  between  habitat 
and  foraging  effort  (F449  =  1.98,  P  =  0.11). 
Only  ambient  temperature  significantly  cor¬ 
related  with  foraging  effort  ( t52  =  —2.43,  r  = 
-0.32,  P  =  0.02)  (Fig.  1). 

Aerial  Hawking. — This  method  of  foraging 
constituted  ( x  ±  SE)  49.19  ±  4.69%  ( n  =  48) 
of  foraging  movements.  Vegetative  density 
and  dispersion,  wind  speed,  light  intensity, 
calendar  date,  and  time  of  day  did  not  signif¬ 
icantly  correlate  with  percent  of  foraging 
movements  classified  as  aerial  hawks  (P  > 
0.05).  Analysis  of  vegetative  density  and  dis¬ 
persion  as  a  fixed  factor  (habitat  type)  using 
a  one-way  ANOVA  also  revealed  a  non-sig¬ 
nificant  relationship  between  habitat  and  aerial 
hawking  (F4>43  =  0.77,  P  =  0.55).  Both  am- 
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Ambient  temperature  (DC) 


FIG.  1.  Horizontal  distance  (m)  traveled/number 
of  foraging  movements  (foraging  effort)  as  a  function 
of  ambient  temperature  for  non-breeding  Eastern  Phoe- 
bes  in  south-central  Texas  in  winter  2004-2005. 


FIG.  2.  Percent  of  aerial  hawking  foraging  move¬ 
ments  as  a  function  of  ambient  temperature  for  non¬ 
breeding  Eastern  Phoebes  in  south-central  Texas  in 
winter  2004-2005. 


bient  temperature  and  distance  to  nearest  per¬ 
manent  or  seasonal  water  source  significantly 
correlated  with  percent  of  aerial  hawking  for¬ 
aging  movements;  however,  the  model  con¬ 
taining  only  ambient  temperature  best  ex¬ 
plained  variation  in  aerial  hawking  (A  1C,  = 
332.24,  Akaike  weight  =  0.39)  (Table  1).  Per¬ 
cent  of  aerial  hawking  foraging  movements 
varied  directly  with  ambient  temperature  ( t46 
=  2.77,  r  =  0.38,  P  =  0.008)  (Fig.  2). 

Perch  Height  of  Sally  Initiation  and  Sally 
Distance. — Mean  (±  SE)  perch  height  of  sally 
initiation  for  Eastern  Phoebes  was  3.77  ±  0.51 
m  (n  =  50).  Ambient  temperature,  wind 
speed,  and  vegetative  density  and  dispersion 
did  not  correlate  (P  >  0.05)  with  mean  perch 
height  of  sally  initiation.  Eastern  Phoebes  flew 
a  mean  (±  SE)  sally  distance  of  2.02  ±0.18 
m  (n  =  50).  Ambient  temperature,  wind 
speed,  and  mean  perch  height  of  sally  initia¬ 
tion  did  not  correlate  (P  >  0.05)  with  mean 


sally  distance,  but  the  natural  log  of  mean  sal¬ 
ly  distance  was  inversely  correlated  with  veg¬ 
etative  density  and  dispersion  (r48  =  -3.81,  r 
=  -0.48,  P  =  0.0004)  (Fig.  3). 

DISCUSSION 

Foraging  Effort. — Eastern  Phoebes  expend¬ 
ed  more  effort  (traveling  greater  total  horizon¬ 
tal  distances)  per  foraging  attempt  at  colder 
ambient  temperatures  than  birds  feeding  at 
warmer  temperatures,  presumably  because  of 
reduced  insect  activity  and  availability  (Taylor 
1963,  Kingsolver  1983).  Similarly,  Black 
Phoebes  travel  greater  distances  per  day  dur¬ 
ing  winter  as  a  consequence  of  lower  prey 
abundance  compared  with  other  seasons  (Ver- 
beek  1975b),  Common  Ringed  Plovers  spend 
more  time  foraging  on  colder  days  (Pien- 
kowski  et  al.  1984),  and  Piping  Plovers  spend 


TABLE  I.  Model  selection  for  %  aerial  hawking  foraging  movements  attributed  to  ambient  temperature 
(Temp),  estimated  distance  to  permanent  or  seasonal  water  source  (Water),  and  their  combinations.  AICe  values, 
number  of  model  parameters  (y-intercept  +  predictors  +  error),  Akaike  weights,  and  P-values  for  models  are 
presented.  The  model  containing  only  ambient  temperature  was  chosen  as  the  best  fit  based  on  lowest  AIC„ 
value,  parameter  number,  and  greatest  Akaike  weight. 


Model 

AICc 

Parameters 

Akaike  weight 

P 

Temp* 

332.24 

3 

0.391 1 

0.008 

Water* 

334.57 

3 

0.1222 

0.028 

Temp*  +  Water 

332.33 

4 

0.3742 

0.010 

Temp  +  Water  +  (Temp  X  Water) 

334.73 

5 

0.1124 

0.028 

*  Significant  model  predictors  ( P  <  0.05). 
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Vegetative  density  and  dispersion 

FIG.  3.  Natural  log  transformed  mean  sally  dis¬ 
tance  (m)  (distance  from  perch  to  prey)  as  a  function 
of  vegetative  density  and  dispersion  in  a  360°  horizon¬ 
tal  radius  from  the  foraging  location  of  non-breeding 
Eastern  Phoebes  in  south-central  Texas  in  winter 
2004-2005. 

more  time  foraging  on  colder  substrates 
(Johnson  and  Baldassarre  1988). 

The  northern  winter  range  boundary  of  the 
Eastern  Phoebe  is  closely  associated  with  the 
—4°  C  isotherm  of  average  minimum  January 
temperature  (Root  1988),  and  may  limit  the 
species’  winter  distribution  based  on  food 
availability  and  metabolic  restrictions  (Root 
1988,  Canterbury  2002).  Eastern  Phoebes 
travel  greater  distances  in  search  of  prey  as 
ambient  temperature  decreases;  however,  the 
average  energetic  reward  gained  from  cap¬ 
tured  prey  may  outweigh  the  energy  expended 
in  search  within  a  particular  temperature  range 
(Norberg  1977).  Ultimately,  ambient  temper¬ 
ature  may  reach  a  lower  limit  at  which  expen¬ 
diture  of  foraging  effort  per  prey  item  is  not 
economical  because  of  lack  of  available  prey 
to  meet  metabolic  requirements  for  homeo- 
thermy.  Brief  cold  periods  imposing  such  a 
limitation  perhaps  occasionally  occur  for  in¬ 
dividuals  wintering  near  the  northern  range 
boundary;  however,  such  temporary  weather 
events  may  not  persist  with  sufficient  length 
or  frequency  to  further  restrict  the  range. 
Northward  deviations  of  the  boundary  from 
the  —4°  C  isotherm  (Root  1988)  may  reflect 
environmental  conditions  (i.e.,  habitat  char¬ 
acteristics)  that  reduce  foraging  effort  by  pro¬ 
viding  increased  arthropod  prey  abundance  or 
winter  fruit  concentrations  during  cold  peri¬ 
ods.  Conversely,  southward  deviations  may 


reflect  habitat  characteristics  that  increase  for¬ 
aging  effort  by  offering  lesser  amounts  of  ap¬ 
propriate  food  (Canterbury  2002). 

Aerial  Hawking. — Ambient  temperature 
positively  correlated  with  percent  of  aerial 
hawking  by  Eastern  Phoebes  and  inversely 
correlated  with  gleaning  percentage  (%  sally 
gleaning  +  %  perch- to-ground  sallying).  This 
suggests  Eastern  Phoebes  attempted  capture  of 
more  aerial  prey  at  warmer  temperatures  and 
more  prey  from  the  ground  and  other  sub¬ 
strates  at  colder  temperatures,  presumably  be¬ 
cause  of  the  positive  correlation  between  fly¬ 
ing  insect  activity  and  ambient  temperature 
(Kingsolver  1983).  These  findings  are  consis¬ 
tent  with  results  for  Eastern  Bluebirds  ( Sialia 
sialis)  (Pinkowski  1977)  and  Eastern  King¬ 
birds  (Murphy  1987). 

Murphy  (1987)  found  percent  of  aerial  prey 
hawked  by  Eastern  Kingbirds  varied  inversely 
with  cloud  cover.  We  measured  light  intensity 
as  an  alternative  to  estimating  cloud  cover; 
however,  visible  light  did  not  correlate  with 
aerial  hawking.  It  is  plausible  that  canopy 
cover  in  certain  habitats  masked  the  overall 
effect  of  cloud  cover  with  respect  to  light  me¬ 
ter  readings.  Cloud  cover  may  therefore  be  a 
better  alternative  for  estimating  the  effect  of 
light  on  prey  activity  and  associated  flycatcher 
foraging  behavior. 

Murphy  (1987)  hypothesized  that  habitat 
also  affects  use  of  aerial  hawking  by  Eastern 
Kingbirds.  Habitat  conditions  may  have  ac¬ 
counted  for  additional  variation  in  aerial 
hawking  by  Eastern  Phoebes,  despite  a  lack  of 
relationship  between  hawking  and  vegetative 
density  and  dispersion  (or  habitat  type  as  a 
fixed  factor)  in  our  study.  It  seems  plausible 
that  Eastern  Phoebes  may  capture  more  aerial 
prey  in  open  habitats  (given  temperatures  are 
conducive  for  insect  flight);  correspondingly, 
in  thickly  vegetated  habitats  individuals  may 
glean  more  prey  from  leaves  and  other  ele¬ 
vated  substrates.  Categorizing  habitats  into 
basic  types  defined  by  habitat  openness  may 
be  insufficient  for  analysis  of  foraging  meth¬ 
ods,  as  complex  relationships  may  exist  be¬ 
tween  multiple  habitat  components,  certain 
foraging  behaviors,  and  weather,  requiring  de¬ 
tailed  microhabitat  measurements  in  future 
studies  (Whelan  2001). 

Perch  Height  of  Sally  Initiation  and  Sally 
Distance. — We  analyzed  mean  perch  height  of 
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sally  initiation  rather  than  perch  height.  Perch 
height  of  sally  initiation  correlates  equally  or 
greater  with  comparative  variables  than  perch 
height  because  heights  of  unsuccessful  perch¬ 
es  (those  from  which  no  foraging  movements 
are  attempted),  which  may  differ  from  heights 
of  sally  initiation,  are  excluded.  Mean  perch 
height  of  sally  initiation  did  not  correlate  with 
ambient  temperature,  wind  speed,  or  vegeta¬ 
tive  density  and  dispersion.  These  results  dif¬ 
fer  from  those  reported  for  other  flycatching 
birds  where  perch  height  correlated  positively 
with  ambient  temperature  (Pinkowski  1977) 
and  inversely  with  wind  speed  (Teather  1992). 

Mean  sally  distance  was  not  significantly 
correlated  with  ambient  temperature,  wind 
speed,  or  mean  perch  height  of  sally  initiation. 
These  results  differ  from  those  for  other  fly¬ 
catchers  in  which  sally  distance  positively 
correlated  with  both  ambient  temperature 
(Murphy  1987,  Teather  1992)  and  perch 
height  (Leek  1971,  Foreman  1978,  Moreno 
1984,  Murphy  1987,  Teather  1992),  and  in¬ 
versely  correlated  with  wind  speed  (Teather 
1992).  The  natural  log  of  mean  sally  distance 
was,  however,  inversely  correlated  with  veg¬ 
etative  density  and  dispersion,  indicating  East¬ 
ern  Phoebes  flew  greater  distances  when  at¬ 
tempting  prey  capture  in  more  open  habitats, 
presumably  because  of  increased  visibility  and 
prey  identification. 

A  possible  explanation  for  these  differing 
results  may  be  in  the  findings  of  previous 
studies.  Via  (1979)  reported  Eastern  Phoebes 
foraged  from  the  greatest  diversity  of  sub¬ 
strates  compared  to  seven  coexisting  flycatch¬ 
er  species,  initiating  foraging  movements 
from  the  lower-outer  portions  of  trees,  man¬ 
made  structures,  annual  herbs,  and  from  the 
ground;  Verbeek  (1975a)  reported  similar  be¬ 
havior  for  Black  Phoebes.  Thus,  weather  may 
not  affect  perch  height  of  sally  initiation  and 
sally  distance  of  Eastern  Phoebes  to  the  same 
extent  as  for  other  flycatchers  not  closely  tied 
to  foraging  from  lower  heights. 

We  found  variation  in  foraging  effort,  use 
of  aerial  hawking,  and  sally  distance  in  East¬ 
ern  Phoebes  to  be  related  to  weather  and  hab¬ 
itat  conditions.  Substantial  variation  in  forag¬ 
ing  behaviors  unaccounted  for  in  our  study  of 
Eastern  Phoebes,  and  those  of  other  flycatch¬ 
ing  species,  likely  reflects  unmeasured  factors 
(possibly  relating  to  microhabitat  and  recent 


past  weather  events)  that  potentially  affect  the 
abundance  and  distribution  of  local  prey  con¬ 
centrations.  Future  studies  nearer  the  northern 
range  boundary  of  the  Eastern  Phoebe  may 
reveal  that  limitations  of  its  ability  to  alter  for¬ 
aging  behaviors,  in  conjunction  with  physio¬ 
logical  restrictions,  ultimately  inhibit  the 
northern  extent  of  its  winter  distribution. 
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CHARACTERISTICS  OF  FORAGING  PERCH-SITES  USED  BY 
LOGGERHEAD  SHRIKES 
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ABSTRACT. — Perch-sites  are  a  necessary  component  of  Loggerhead  Shrike  ( Lanius  ludovicianus)  foraging 
habitat,  yet  little  is  known  about  the  influence  of  perch  characteristics  on  perch  use.  We  hypothesized  that 
Loggerhead  Shrikes  would  selectively  forage  from  taller,  bare  perches  with  less  foliar  obstruction  to  potentially 
increase  prey  detection  rates.  Shrikes  in  our  study  area  foraged  from  trees  -10%  taller  than  those  available  and 
on  dead  or  partially  dead  trees  more  often  than  expected  (P  =  0.005).  Deciduous  trees  with  a  leafy  canopy  in 
summer  were  more  likely  to  be  used  when  bare  in  winter.  Removing  all  obstacles  to  prey  detection  did  not 
increase  perch  preference.  Shrikes  perched  more  often  and  for  more  total  time  on  constructed  artificial  perches 
surrounded  by  dead  branches  (50%  of  used;  166  sec/territory)  than  on  treatments  with  leafy  branches  (14%;  32 
sec)  or  no  branches  (36%;  50  sec).  Our  results  suggest  trees  that  are  more  useful  are  those  with  a  good  view  of 
potential  prey  and  which  also  provide  cover  from  potential  attacks  by  predators.  This  study  demonstrates  the 
relevance  of  perch-site  characteristics  to  Loggerhead  Shrike  foraging  habitat  and  we  suggest  consideration  for 
perch-site  characteristics  in  future  conservation  efforts.  Received  13  February  2008.  Accepted  12  August  2008. 


Declines  in  grassland  birds  are  often  asso¬ 
ciated  with  habitat  loss  from  the  conversion 
of  natural  grasslands  or  low-intensity  agricul¬ 
ture  to  other  land  uses,  typically  intensified 
agriculture  (Vickery  et  al.  2001,  Wilson  et  al. 
2005,  Buckingham  et  al.  2006).  One  adverse 
affect  on  bird  populations  of  modified  habitat 
may  be  decreased  foraging  opportunities  from 
low  food  abundance  (Britschgi  et  al.  2006, 
Buckingham  et  al.  2006,  Taylor  et  al.  2006). 
In  addition,  several  bird  species  that  feed  on 
arthropods  and  small  animals  use  perch-sites 
while  searching  for  prey  on  the  ground.  Thus, 
the  absence  of  suitable  foraging  perches  may 
limit  access  to  an  already  constrained  prey 
population  in  modified  habitat. 

Perch  abundance  could  be  a  reliable  indi¬ 
cator  in  predicting  habitat  use  by  raptors  or 
passerines  (Meunier  et  al.  2000,  Lauver  and 
Busby  2002).  However,  measuring  total  perch 
abundance  to  estimate  perch  availability  is 
only  accurate  if  birds  forage  indiscriminately 
from  all  types  of  perches.  More  likely,  if  birds 
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use  perches  to  search  for  prey,  there  should 
be  a  bias  towards  perches  with  few  visual  ob¬ 
structions  to  prey  detection.  Acadian  Fly¬ 
catchers  ( Empidonax  virescens )  perched  on 
bare  dead  branches  instead  of  branches  with 
more  foliage  (Guilfoyle  et  al.  2002),  presum¬ 
ably  to  increase  visibility.  Brown  Shrikes 
C Lanius  cristatus)  foraged  from  branches  pro¬ 
truding  from  the  side  of  the  canopy  rather  than 
above  the  canopy  (Yosef  2004)  to  watch  for 
prey  on  the  ground. 

An  elevated  bare  perch  may  offer  better 
views  to  watch  for  prey,  but  exposed  perch 
sites  potentially  increase  predation  risk  to  the 
forager.  Studies  of  some  passerines  show  a 
preference  for  foraging  closer  to  dense  cover 
(Walther  and  Gosler  2001,  Lee  et  al.  2005), 
and  exposure  may  be  positively  related  to  the 
risk  of  predation  by  aerial  predators  (Gotmark 
and  Post  1996).  A  trade-off  may  exist  in  perch 
selection  between  trees  with  an  unobstructed 
view  and  trees  with  a  protective  canopy. 

We  studied  the  foraging  behavior  of  Log¬ 
gerhead  Shrikes  ( Lanius  ludovicianus )  with 
the  objective  of  examining  the.  importance  of 
tree  structure  in  perch  selection  and  habitat 
use  at  the  scale  of  within  a  territory.  Specifi¬ 
cally,  we  were  interested  in  the  influence  of 
canopy  cover  and  perch  height  on  foraging 
perch  use.  We  hypothesized  that  if  shrikes  use 
a  perch  to  detect  prey  movement  in  low  veg¬ 
etation,  perch  tree  features  would  facilitate 
improved  views  of  the  ground.  We  predicted 
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that  shrikes  would  perch  on  taller  bare  trees 
more  often  than  expected  and  we  expected 
leafy  trees  unused  in  summer  to  be  used  more 
often  in  winter  after  trees  lost  their  leaves.  We 
predicted  that  in  a  field  experiment,  artificial 
perches  with  dense  cover  would  be  avoided  if 
shrikes  select  perches  based  largely  on  criteria 
related  to  visual  obstruction.  Alternatively,  ar¬ 
tificial  perches  with  the  most  cover  should  be 
used  more  often  if  shrikes  select  perches  for 
increased  predator  protection. 

METHODS 

Study  Site. — Loggerhead  Shrikes  were  ob¬ 
served  at  Matador  Wildlife  Management  Area 
(MWMA;  34°  07'  30",  100°  22'  30")  in  Cottle 
County,  Texas,  USA  in  the  Rolling  Plains 
Ecoregion  (Richardson  et  al.  1974).  Average 
maximum  summer  temperature  is  36°  C  and 
average  winter  minimum  temperature  is  —2° 
C.  Average  annual  rainfall  in  the  area  is  562 
mm  with  most  occurring  in  May  and  June. 
Vegetation  cover  was  dominated  by  sand 
sagebrush  ( Artemisia  filifolia ),  honey  mes- 
quite  ( Prosopis  glandulosa),  and  shinnery  oak 
(■ Quercus  havardii)  in  a  grassland  character¬ 
ized  by  scattered  individual  or  clumped  trees, 
and  shrubs  interspersed  with  short  grass  and 
forb  ground  cover.  Common  woody  species 
available  as  perches  were  honey  mesquite, 
redberry  juniper  ( Juniperus  pinchotii ),  netleaf 
hackberry  ( Celtis  reticulata),  and  shinnery 
oak  with  honey  mesquite  being  the  dominant 
woody  species.  Management  strategies  used  at 
MWMA  including  prescribed  burning,  graz¬ 
ing,  mechanical  tree  removal,  and  herbicide 
applications,  provide  a  mix  of  trees  of  differ¬ 
ent  ages,  heights,  and  conditions. 

Behavioral  Observations. — Loggerhead 
Shrikes  in  the  region  defend  exclusive  breed¬ 
ing  territories  while  nesting  from  late  Febru¬ 
ary  to  late  June  (Tyler  1992).  We  assumed  re¬ 
peated  observations  in  a  single  territory  in  a 
single  season  were  of  the  same  two  paired 
adults.  Behavior  of  individuals  within  a  pair 
was  not  considered  independent  and  we  used 
territories  as  the  sampling  unit.  Shrikes  were 
not  banded  and  pairs  were  identified  by  be¬ 
havior.  Pairs  were  originally  identified  by  their 
visits  to  the  nest  and  territories  were  mapped 
from  multiple  foraging  sites  of  the  same  in¬ 
dividuals.  Both  adults  in  a  breeding  pair  ac¬ 
tively  defended  their  territory  from  neighbor¬ 


ing  pairs  in  chases,  flight  displays,  and  ag¬ 
gressive  calls.  Disputes  typically  occurred  at 
a  clear  territory  boundary  and,  after  an  ago¬ 
nistic  encounter,  pairs  retreated  into  their  own 
territory.  Shrikes  usually  flew  to  an  interior 
perch  in  the  territory  during  an  observation 
session,  even  if  initially  observed  foraging  at 
the  edge  of  the  territory.  The  use  of  boundary 
disputes  and  foraging  sites  has  successfully 
been  used  to  map  territories  in  shrikes  (Col- 
lister  and  Wilson  2007).  We  included  a  mea¬ 
sure  of  territory  size  as  a  general  reference  to 
compare  to  other  breeding  shrike  populations. 
We  estimated  territory  size  by  mapping  a  pe¬ 
rimeter  from  the  outermost  foraging  perches 
used  by  a  shrike  in  its  territory  and  calculated 
the  area  contained  within  the  perimeter. 

Only  six  study  territories  were  found  at  the 
start  of  the  study;  these  territories  were  visited 
2-3  times  at  regular  intervals  over  14  days 
starting  on  21  May  2005.  The  same  six  terri¬ 
tories  were  revisited  and  sampled  in  the  same 
way  starting  on  21  June  and  21  July  2005. 
More  territories  were  located  as  the  season 
progressed,  and  12  territories  were  monitored 
for  general  data  on  foraging  perch  character¬ 
istics  by  the  end  of  the  2005  breeding  season. 
The  original  six  territories,  along  with  two 
other  territories,  were  sampled  in  two  obser¬ 
vation  sessions  during  winter  from  24  to  31 
December  2005  for  use  and  availability  data 
on  non-breeding  behavior.  The  eight  territories 
sampled  in  winter,  plus  two  additional  terri¬ 
tories,  were  visited  at  4-6  day  intervals  from 
17  May  to  16  June  2006  to  collect  data  on  use 
of  artificial  perches  in  a  field  experiment,  and 
to  obtain  general  data  on  perch  characteristics. 

Observation  sessions  occurred  in  at  least 
two  of  three  periods:  early  morning  (0.5-2. 5 
hrs  after  sunrise),  mid-morning  (2. 5-4. 5  hrs 
after  sunrise),  and  evening  (0.5— 2.5  hrs  before 
sunset)  when  shrikes  are  most  actively  for¬ 
aging  (Craig  1978).  Each  territory  was  sam¬ 
pled  during  at  least  two  different  randomly  as¬ 
signed  time  periods  to  avoid  biases  due  to 
temporal  variation  in  behavior.  A  single  ob¬ 
server  used  binoculars  to  watch  the  focal 
shrike  from  a  distance  of  60-100  m  during  an 
observation  session  and  behavior  was  record¬ 
ed  at  all  perch  trees  used  for  foraging.  We 
watched  the  focal  bird  continuously  over  the 
observation  session  and  recorded  the  location 
and  type  of  perch  used  in  a  capture  attempt, 
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the  number  of  foraging  perches  used,  and  the 
foraging  flight  distance  from  perch  to  ground. 
Perches  were  marked  for  later  measurements 
after  an  observation  session.  The  observer  lost 
sight  of  the  focal  shrike,  in  some  cases,  for 
more  than  half  the  1-hr  session  and  these  ob¬ 
servation  sessions  were  not  included  in  the 
analysis.  Sampling  effort  did  not  differ  across 
territories  used  in  the  analysis  for  the  use  and 
availability  study  or  the  artificial  perch  exper¬ 
iment. 

Use  and  Availability  Study. — Each  shrike 
territory  contained  —100-200  trees  and 
shrubs  on  which  to  perch.  We  measured  the 
height  and  assigned  a  perch  category  to  each 
substrate  used  by  a  foraging  shrike.  Perches 
were  categorized  as:  (1)  mesquite  with  live 
branches  bearing  leaves  or  buds  and  lacking 
exposed  dead  branches  (live  mesquite),  (2) 
mesquite  with  some  live  branches  and  one  or 
more  dead  branches  extending  0.5  m  beyond 
live  branches  (partially  dead  mesquite),  (3) 
mesquite  with  <20%  of  branches  bearing 
leaves  or  buds  (dead  mesquite),  or  (4)  other, 
which  was  a  single  category  for  all  other  types 
of  non-mesquite  perches. 

We  compared  perches  used  by  foraging 
shrikes  to  random  perches  available  in  the 
May  2005  sampling  period.  Each  of  50  ob¬ 
served  perches  in  six  territories  was  paired 
with  the  tree  closest  to  a  point  100  m  distant 
in  a  random  direction  and  at  least  1.5  m  in 
height.  A  100-m  distance  was  likely  to  remain 
in  the  shrike  territory,  within  reasonable  inter¬ 
perch  flying  distance,  but  did  not  provide  ac¬ 
cess  to  the  same  ground  vegetation  and  prey. 
Random  perches  did  not  include  any  perches 
that  we  observed  being  used  by  a  shrike. 
Available  trees  included  any  natural  tree  or 
shrub  species  but  were  limited  to  those  >1.5 
m  tall  because  shrikes  tend  to  perch  on  trees 
higher  than  1.5  m  (Novak  1989).  Only  30  of 
437  used  perches,  in  our  study  population, 
were  below  1 .5  m  and  only  eight  of  the  short¬ 
er  perches  were  natural  vegetation  and  not 
fence  posts  or  fencing. 

The  use  and  availability  study  was  repeated 
in  winter  on  57  perch  trees  in  eight  territories. 
Deciduous  mesquite  trees  lost  their  leaves  in 
winter  but.  were  still  identifiable  as  one  of  the 
three  mesquite  perch  categories  based  on  pres¬ 
ence  or  absence  of  buds  and  living  stems;  we 
used  the  same  criteria  for  assigning  perch  cat¬ 


egories  in  summer  and  winter.  Trees  in  the 
dead  mesquite  category  also  appeared  to  have 
fewer  and  stiffer  branches  than  living  trees. 
We  field-checked  25  randomly  selected  perch 
trees  from  winter  2005  the  following  spring; 
only  two  of  25  trees  were  incorrectly  catego¬ 
rized.  Those  two  individual  trees  had  survived 
a  prescribed  fire  in  August  2005  that  caused 
bud  mortality,  leaving  the  tree  alive  but  with¬ 
out  new  leaves. 

Artificial  Perch  Experiment. — We  erected 
artificial  perches  in  the  10  study  territories  in 
May  2006.  Artificial  perches  were  constructed 
of  a  3.05  m  long  by  1.2  cm  diameter  metal 
pole,  painted  black,  and  mounted  vertically  on 
a  metal  stake.  A  forked  mesquite  branch  with 
branches  15-25  cm  long  from  the  fork  was 
placed  in  the  top  of  each  pole  for  natural 
perching  material.  Artificial  perch  treatments 
differed  in  type  of  vegetative  cover  at  the  base 
of  the  pole.  Poles  were  erected  above  either 
(1)  a  living  mesquite  tree  (foliage  cover),  (2) 
a  bundle  of  upright  dead  mesquite  branches 
from  local  trees  (bare  cover),  or  (3)  without 
any  branches  at  the  base  (no  cover).  Dead 
branches  had  the  same  length  and  basal  cir¬ 
cumference  as  living  mesquite  trees  to  stan¬ 
dardize  the  height  and  branching  density  of 
the  foliar  and  bare  cover  treatments.  The  bare 
cover  treatment  had  the  same  number  of  dead 
branches  as  living  mesquite  trees. 

Placement  of  the  foliage  cover  treatment 
within  a  territory  depended  on  the  location  of 
an  existing  live  mesquite  tree.  We  used  a  live 
mesquite  tree  closest  to  a  random  point  be¬ 
tween  40  and  100  m  and  at  a  random  bearing 
from  an  active  nest.  A  minimum  distance  of 
40  m  from  an  active  nest  was  less  likely  to 
disturb  nesting  activity,  and  100  m  approxi¬ 
mated  the  average  distance  between  consecu¬ 
tive  natural  foraging  perches  in  2005.  A  bare 
cover  perch  and  a  perch  with  no  cover  were 
erected  10  m  from  the  foliage  cover  perch  in 
an  equilateral  triangle  (Fig.  1).  Orientation  of 
the  bare  cover  perch  and  no  cover  perch  from 
the  living  mesquite  tree  was  random  for  every 
triangle.  Shrike  foraging  flights  are  typically 
less  than  10  m  and  the  same  vegetation  within 
a  triangle  was  accessible  to  a  shrike  perched 
on  any  artificial  perch  in  the  group  of  three. 
Two  groups  of  three  artificial  perches  were 
erected  in  10  territories. 

Behavioral  observations  started  4  days  after 
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FIG.  1.  Experimental  design  for  artificial  perch 
treatments  in  10  Loggerhead  Shrike  territories  showing 
the  spatial  arrangement  of  a  group  of  artificial  perches 
(A)  and  the  dimensions  of  three  types  of  artificial 
perches  (B). 


artificial  perches  were  introduced  to  territories 
in  May  2006.  We  recorded  the  perch  treatment 
and  length  of  time  the  shrike  perched  before 
a  capture  attempt  (perched  time)  when  a 
shrike  foraged  from  an  artificial  perch  during 
an  observation  session.  Foraging  flight  dis¬ 
tances  were  estimated  from  the  base  of  the 
perch  to  the  landing  point  using  the  height  of 
the  artificial  point  as  a  fixed  length  reference. 
The  amount  of  time  a  shrike  remained  on  the 
ground  was  recorded  in  seconds. 

Data  Analyses. — Tree  height  was  compared 
in  six  territories  for  used  perches  and  available 
trees  in  a  orie-tailed  paired  f-test.  Heights  in¬ 
cluded  in  the  paired  analysis  were  averaged 
within  a  territory  by  treatment  (used,  avail¬ 
able).  It  is  unlikely  that  within  a  territory, 
shrikes  used  one  perch  category  independent¬ 
ly  from  the  other  three  categories.  Therefore, 
we  used  a  two-way  ANOVA  with  repeated 
measures  to  account  for  the  possible  lack  of 
independence  between  categories.  The  critical 


test  was  the  interaction  between  tree  category 
(live  mesquite,  partially  dead  mesquite,  dead 
mesquite,  other)  and  treatment  (used,  avail¬ 
able).  Data  were  square  root  transformed  to 
homogenize  the  variance  across  groups. 
Transformed  data  met  the  assumptions  of 
equal  variances  and  normal  distribution.  F  sta¬ 
tistics  were  Greenhouse-Geisser  (Zar  1999) 
corrected  for  a  conservative  a  probability  val¬ 
ue. 

A  test  statistic  from  an  ANOVA  on  differ¬ 
ences  in  perch  categories  in  the  use  and  avail¬ 
ability  study  is  only  able  to  show  a  difference 
between  how  often  categories  were  used  and 
how  often  categories  were  available.  We  used 
Ivlev’s  Selection  Index  (Krebs  1989)  where 
the  difference  in  used  and  available  perches  is 
divided  by  the  sum  of  perches  used  and  perch¬ 
es  available  for  each  category,  to  quantify 
which  perches  were  preferred  within  the  four 
categories.  Values  greater  than  zero  indicate  a 
preference  and  values  less  than  zero  indicate 
avoidance.  The  effect  of  season  on  preferenc¬ 
es  for  perch  categories  was  tested  in  a  two- 
way  ANOVA  with  repeated  measures  using 
values  from  Ivlev’s  Selection  Index  to  exam¬ 
ine  if  shrikes  preferred  different  types  of  trees 
in  the  breeding  and  non-breeding  seasons. 
Only  the  six  territories  observed  in  both  sum¬ 
mer  and  winter  were  included  in  analysis  of 
seasonal  effects. 

We  used  Friedman’s  non-parametric  test  of 
ranked  data  to  look  for  relative  differences  in 
number  of  times  shrikes  used  each  artificial 
perch  treatment.  All  10  study  territories  with 
artificial  perches  were  included  in  the  analysis 
even  if  resident  shrikes  did  not  perch  on  all 
artificial  perch  treatments.  A  corrected  xr 2  val¬ 
ue  was  calculated  to  account  for  the  presence 
of  tied  ranks  (Zar  1999).  The  length  of  time 
shrikes  perched  on  each  artificial  perch  treat¬ 
ment  was  summed  within  each  territory  to  in¬ 
clude  behavior  by  both  individuals  in  a  pair 
during  multiple  observation  sessions.  The  dif¬ 
ferences  in  time  perched  on  the  three  treat¬ 
ments  were  tested  with  a  two  factorial  ANO¬ 
VA  using  territory  as  the  sample  size.  Shrikes 
did  not  use  all  the  artificial  perch  treatments 
sufficiently  often  to  statistically  compare  flight 
distances  and  ground  time  between  treat¬ 
ments,  and  we  only  present  our  summarized 
observations  for  these  variables. 
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TABLE  1.  Features  (x  ±  SE)  of  trees  used  by  foraging  Loggerhead  Shrikes  in  1-hr  observation  sessions 
and  paired  random  trees  available  within  shrike  territories  in  Texas,  USA  from  21  May  to  5  June  (breeding)  and 
from  24  to  31  December  (wintering)  2005. 

Breeding  ( n 

=  6) 

Winter  ( n  =  8) 

Perches 

Used 

Available 

Used 

Available 

Dead  mesquite 

3.8  ±  1.4 

2.8  ±  1.5 

2.0  ±  0.9 

1.8  ±  1.0 

Partially  dead 

2.8  ±  0.9 

1.3  ±  0.6 

2.8  ±  0.7 

1.0  ±  0.4 

Live  mesquite 

1.0  ±  0.3 

3.5  ±  0.8 

1.5  ±  0.4 

3.8  ±  0.9 

Other 

0.7  ±  0.4 

0.7  ±  0.3 

0.9  ±  0.4 

0.6  ±  0.4 

Tree  height  (m) 

3.4  ±  0.2 

3.1  ±  0.2 

3.3  ±  0.2 

2.9  ±  0.2 

RESULTS 

Use  and  Availability  Study. — Loggerhead 
Shrikes  in  16  study  territories  foraged  from 
482  perches  in  154  observation  sessions.  The 
number  of  natural  perch  trees  used  to  forage 
within  territories  over  a  31 -day  period  in  2006 
ranged  from  10  to  32  (x  =  21,  SD  =  6 ,  n  = 
10  territories).  The  area  covered  by  foraging 
perches  in  10  territories  was  11.08  ha  (SD  = 
5.90)  in  2006.  The  height  of  perches  ranged 
from  0.9  to  7.5  m  (x  =  3.5,  SD  =  1.2,  n  = 
437).  Shrikes  foraged  from  taller  than  expect¬ 
ed  trees  in  the  breeding  season  (t  =  2.142,  df 


Tree  category 


FIG.  2.  .Trees  preferred  or  avoided  (x  ±  SE)  by 
foraging  Loggerhead  Shrikes  in  six  territories  during 
the  breeding  and  winter  seasons,  Texas,  USA,  2005. 
Values  approaching  1 .0  indicate  preference  and  values 
approaching  —  1 .0  indicate  avoidance. 


—  5,  P  =  0.043)  and  also  during  winter  ( t  = 
2.042,  df  =  7,  P  =  0.040;  Table  1). 

Partially  dead  mesquite  was  the  most  com¬ 
monly  used  category  of  the  four  perch  tree 
categories  (40%)  followed  by  dead  mesquite 
(31.8%),  all  other  types  of  trees  and  non-nat¬ 
ural  materials  (19.6%),  and  full  canopy  mes¬ 
quite  (8.6%;  n  =  469).  Fence  posts  constituted 
4.3%  of  perches  and  were  the  most  common 
type  of  non-mesquite  perch.  Shrikes  also  for¬ 
aged  from  the  dead  branches  of  juniper,  hack- 
berry,  shinnery  oak,  and  occasionally  a  yucca 
( Yucca  angustifolia )  inflorescence  or  the  dead 
stem  of  sand  sagebrush. 

Breeding  shrikes  foraged  more  from  par¬ 
tially  dead  mesquite  trees  even  though  live 
mesquite  was  the  most  common  available  tree 
category  (used  vs.  available  X  tree  category 
interaction:  F  =  9.03;  df  =  2.1,  10.5;  P  = 
0.005;  Table  1).  Shrikes  foraging  in  winter  did 
not  use  tree  categories  in  proportion  to  their 
availability  (used  vs.  available  X  tree  category 
interaction:  F  =  5.77;  df  =  1.7,  12.2;  P  = 
0.020;  Table  1)  and  dead  or  partially  dead 
mesquite  were  used  most  often.  Shrikes  pre¬ 
ferred  dead  or  partially  dead  mesquite  trees 
and  avoided  live  mesquite  in  both  seasons 
(Fig.  2).  Tree  preferences  did  not  differ  be¬ 
tween  the  breeding  season  and  winter  (season 
X  tree  preference  interaction:  F  =  0.846;  df 
=  6,  32;  P  =  0.517;  Fig.  2). 

Artificial  Perch  Experiment. — Shrikes  in 
eight  of  10  study  territories  perched  on  the 
artificial  perches  28  times  in  64  observation 
sessions.  Shrikes  perched  on  the'  bare  cover 
treatment  (50%)  and  the  no  cover  treatment 
(35.7%)  more  often  than  the  foliage  cover 
treatment  (14.3%:  jcr2  =  7.22,  df  =  2,  P  = 
0.027).  Shrikes  perched  on  the  bare  cover 
treatment  for  more  time  than  the  other  two 
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cover  treatments  (F  =  5.130;  df  =  2,  14;  P  = 
0.021).  Foraging  flight  distances,  estimated  in 
proportion  to  perch  height,  were  similar  for 
the  foliage  (1.5  ±  0.3  m),  bare  (1.6  ±  0.2  m), 
and  no  cover  (1.6  ±  0.4  m)  treatments.  The 
observed  time  that  shrikes  remained  on  the 
ground  during  a  capture  attempt  was  highest 
for  the  foliage  treatment  (4.3  ±1.9  sec),  fol¬ 
lowed  by  bare  cover  (3.3  ±1.9  sec),  and  no 
cover  (2.5  ±  0.7  sec)  treatments. 

DISCUSSION 

We  hypothesized  that  shrikes  would  forage 
from  taller  trees  with  less  foliage  to  increase 
observable  area  to  detect  prey.  Shrikes  used 
trees  that  were  —10%  taller  than  trees  avail¬ 
able  in  the  territory.  A  vantage  point  from  a 
taller  tree  can  increase  the  area  viewed  on  the 
ground  or  provide  a  more  penetrating  view 
into  ground  vegetation  (Stillman  and  Sim¬ 
mons  2006). 

Few  studies  have  identified  characteristics 
of  shrike  natural  perching  substrate  with  ref¬ 
erence  to  condition  of  the  perch  tree.  Shrikes 
at  our  study  site  used  the  most  common  tree 
species  available,  honey  mesquite,  but  use  of 
individual  mesquite  trees  related  positively  to 
the  presence  of  dead  branches.  Shrikes  made 
capture  attempts  on  the  ground  from  dead 
mesquite  or  partially  dead  mesquite  a  dispro¬ 
portionate  amount  considering  their  availabil¬ 
ity.  The  absence  of  foliage  on  lower  branches 
may  provide  a  wider  view  of  the  ground  and 
increase  the  visible  area  in  which  to  detect 
prey.  Loggerhead  Shrikes  in  north-central 
Florida  frequently  perch  on  high  utility  wires 
and  on  bare  trees  more  often  than  live  trees 
(Bohall-Wood  1987).  Gawlik  and  Bildstein 
(1993)  found  shrikes  perch  mainly  on  high 
utility  wires  but  use  of  shorter  trees  and 
shrubs  increased  in  winter. 

The  amount  of  foliage  on  a  tree  may  limit 
its  attractiveness  as  a  foraging  perch,  thus,  re¬ 
moving  foliage  should  bring  shrikes  to  trees 
with  a  previously  full  canopy.  We  observed 
shrikes  in  winter  using  more  live  mesquite 
trees  that  formerly  had  a  complete  canopy  in 
summer.  However,  all  mesquite  trees  were  be¬ 
reft  of  foliage  in  winter  and,  rather  than  use 
each  assigned  tree  category  in  proportion  to 
its  availability,  shrikes  continued  to  forage 
more  often  from  trees  with  at  least  some  dead 
branches.  Shrikes  repeatedly  used  the  same 


foraging  perches  within  a  territory  and  may 
have  continued  to  use  summer  perch  trees  in 
winter.  In  addition,  decayed  thorns  and  lateral 
branches  tend  to  break  off  dead  branches  re¬ 
sulting  in  less  structurally  complex  cover  and 
perches  with  fewer  visual  obstructions,  even 
in  winter. 

We  removed  these  potential  biases  to  perch 
selection  by  controlling  for  branch  structure 
and  within-territory  location  in  the  artificial 
perch  experiment.  All  artificial  perch  treat¬ 
ments  shared  a  common  metal  pole  and  forked 
stick  on  which  a  shrike  could  perch,  and  were 
placed  in  a  random,  novel  location  within  the 
territory.  The  shrikes’  preference  for  artificial 
perches  without  leafy  cover  supports  the  hy¬ 
pothesis  that  foraging  perches  are  selected  for 
fewer  visual  obstructions.  These  results  are 
consistent  with  flycatchers  that  perched  on 
branches  with  fewer  leaves  (Guilfoyle  et  al. 
2002)  and  Brown  Shrikes  that  foraged  from 
lateral  branches  in  a  position  to  see  more  of 
the  ground  (Yosef  2004).  Contradictory  to  our 
prediction  that  perches  with  fewest  visual  ob¬ 
structions  would  be  used  most,  shrikes 
perched  on  artificial  perches  with  bare  cover 
more  times  than  on  perches  without  any  cover. 

Use  of  perches  with  bare  cover  was  ex¬ 
pected  from  our  alternative  hypothesis  that 
shrikes  would  be  more  likely  to  use  perches 
with  some  escape  cover  from  predators.  Kim 
et  al.  (2003)  reported  Loggerhead  Shrikes 
spent  more  time  in  plots  with  woody  escape 
cover  in  areas  of  overlap  with  a  larger  raptor. 
Northern  Harrier  ( Circus  cyaneus),  possibly 
as  a  predator  avoidance  strategy.  The  length 
of  time  shrikes  in  our  study  waited  on  an  ar¬ 
tificial  perch  before  a  capture  attempt  might 
be  an  indication  that  perches  with  cover  pro¬ 
vide  some  protection  from  predators.  Shrikes 
perched  longest  on  the  bare  cover  treatment 
(mean  =  95  sec)  prior  to  a  foraging  flight  to 
the  ground  and  shortest  on  the  exposed  arti¬ 
ficial  perch  without  cover  (mean  =  45  sec). 
Foraging  birds  perched  for  longer  periods  on 
feeders  in  wooded  areas  or  along  forest  edges 
with  cover  than  at  feeders  in  open  fields  with¬ 
out  adjacent  cover  (Lee  et  al.  2005). 

Shrikes  in  our  study  population  clearly  se¬ 
lected  perches  with  less  foliage  but  with  at 
least  some  cover.  Attempts  to  use  artificial 
perches  to  improve  shrike  habitat  should  con¬ 
sider  the  extent  of  cover  surrounding  the 
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perch.  Artificial  perches  are  relatively  easy 
and  inexpensive  to  construct,  and  their  addi¬ 
tion  to  habitat  without  natural  perch  substrate 
could  make  foraging  habitat  more  accessible 
and  more  likely  to  be  used  by  shrikes  (Lynn 
et  al.  2006)  or  small  raptors  (Sheffield  et  al. 
2001).  Other  species,  including  American 
Kestrels  ( Falco  sparverius)  and  larger  raptors 
(Kim  et  al.  2003),  may  use  artificial  perches 
intended  for  shrikes  and  could  increase  com¬ 
petition  or  predation  risk.  The  possible  nega¬ 
tive  effects  of  increased  perch  abundance  on 
shrike  populations  would  be  worth  studying. 
Attention  to  characteristics  of  natural  perches 
may  also  be  important  in  Loggerhead  Shrike 
habitat  where  machinery,  chemicals,  or  fire 
modify  the  structure  or  abundance  of  available 
perch  sites  (Ansley  and  Castellano  2006).  The 
influence  of  natural  perch  characteristics  and 
introduced  artificial  perches  on  shrike  densi¬ 
ties  and  distribution  at  a  larger  scale  than 
within  territories  warrants  further  research. 
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A  FIFTEEN- YEAR  STUDY  OF  FALL  STOPOVER  PATTERNS  OF 
CATHARUS  THRUSHES  AT  AN  INLAND,  URBAN  SITE 

JULIE  A.  CRAVES1 


ABSTRACT. — Little  is  known  about  how  landbirds  use  urban  habitats  as  migratory  stopovers  despite  increas¬ 
ing  urbanization  in  North  America  and  the  importance  of  the  migratory  period  to  annual  survival  of  birds.  I 
examined  15  years  of  autumn  stopover  data  for  three  species  of  migratory  Catharus  thrushes  from  an  urban 
natural  area  in  metropolitan  Detroit,  Michigan,  USA.  The  majority  of  birds  were  in  good  condition  on  first 
capture  with  59%  having  more  than  a  just  a  trace  of  fat,  a  higher  proportion  than  reported  for  passerines  at 
other  fall  stopover  sites.  Condition  was  similar  among  species,  and  there  was  little  difference  in  fat  class  or 
mass  between  age  groups.  A  linear  regression  of  the  condition  of  each  bird  at  first  capture  and  time  of  capture 
indicated  positive  diurnal  mass  gains  in  two  species  and  mass  loss  in  the  third.  Fourteen  percent  of  thrushes 
banded  were  recaptured.  Lean  birds  were  not  more  likely  to  be  recaptured  than  fatter  birds  and,  among  recaptured 
birds,  there  was  no  difference  in  stopover  period  or  mass  or  fat  increases  between  young  and  adults.  Seventy- 
nine  percent  of  recaptured  birds  gained  mass,  and  mass  and  fat  class  increases  were  significant  for  all  species. 
These  results  are  discussed  in  view  of  the  high  prevalence  of  non-native  fruit  resources  and  rates  of  human 
disturbance  at  the  study  site.  Received  5  April  2008.  Accepted  14  August  2008. 


There  are  no  published  long-term  studies  of 
stopover  ecology  of  migrant  birds  in  urban 
natural  areas,  even  as  birds  are  increasingly 
encountering  such  sites  during  migration. 
Habitat  lost  to  urbanization  is  typically  more 
dissimilar  to  natural  habitat  than  that  lost  to 
agriculture  or  logging  and,  because  it  is  far 
less  likely  to  revert  to  a  natural  state  via  sec¬ 
ondary  growth  or  restoration,  it  is  highly  per¬ 
sistent  (McKinney  2002,  Faulkner  2004).  Ur¬ 
ban  areas  are  generally  characterized  by  sim¬ 
plified  ecosystems  with  lower  avian  diversity 
and  a  higher  proportion  of  non-native,  urban- 
adapted,  and  synanthropic  species  (McKinney 
2002).  This  includes  a  higher  density  of  birds 
that  are  urban  adapted  and  a  higher  proportion 
of  non-native  plant  species  (Clergeau  et  al. 
1998,  Crooks  et  al.  2004,  Borgmann  and  Ro- 
dewald  2005).  Migrant  birds  in  urban  areas 
are  likely  to  be  exposed  to  many  novel  and 
potentially  stressful  situations,  and  frequent 
human  presence  may  be  the  most  common 
form  of  disturbance  in  urban  natural  areas 
(Riffell  et  al.  1996,  Partecke  et  al.  2006). 
Thus,  the  value  of  habitats  in  urban  areas  to 
refueling  migrant  birds  may  be  reduced,  com¬ 
promising  successful  migration. 

Migrating  birds  are  increasingly  required  to 
locate  appropriate  stopover  habitat  within  ur¬ 
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ban  areas  as  urbanization  transforms  native 
ecosystems,  and  understanding  how  birds  use 
urban  habitats  is  becoming  more  critical.  I  ex¬ 
amined  the  stopover  patterns  of  three  species 
of  migratory  thrushes  during  autumn  migra¬ 
tions  at  an  urban  natural  area  outside  of  De¬ 
troit,  Michigan,  USA  from  1992  to  2006: 
Gray-cheeked  Thrush  ( Catharus  minimus), 
Swainson’s  Thrush  (C.  ustulatus),  and  Hermit 
Thrush  (C.  guttatus). 

METHODS 

Study  Site  and  Data  Collection. — I  con¬ 
ducted  this  study  in  a  5-ha  portion  of  a  —120 
ha  natural  area  on  and  bordering  the  campus 
of  the  University  of  Michigan-Dearborn 
(UMD)  in  Dearborn,  Wayne  County,  Michi¬ 
gan  (42°  19'  N,  83°  14'  W)  adjacent  to  the  city 
of  Detroit.  Major  natural  features  of  the  site 
include  the  Rouge  River,  the  main  tributary  to 
the  Detroit  River,  and  a  5-ha  lake.  Vegetation 
communities  include  riparian/floodplain  for¬ 
est,  secondary  forest  with  a  mostly  non-native 
shrub  understory,  shrubby  old  fields,  and  open 
lawns.  There  is  an  extensive,  heavily  used  trail 
system:  human-built  structures,  groomed,  and 
open  areas  substantially  fragment  the  habitat 
patches.  The  campus  and  study  site  are  sur¬ 
rounded  by  varied  urban  uses.  Wayne  County 
is  the  most  populous  county  in  Michigan  with 
a  population  density  of  —  1 , 1 95  '  people/km2 
(U.S.  Census  Bureau  2008).  Only  —19%  of 
the  county’s  1,590  km2  is  classified  as  forest, 
wetland,  or  shrub/scrub  (SEMCOG  2008). 
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Birds  were  captured  in  13  to  16,  12  m,  30- 
mm  mesh  mist  nets  in  an  old  flel,d  dominated 
by  gray  dogwood  ( Cornus  racemosa)  main¬ 
tained  to  inhibit  woody  succession,  and  in  the 
adjacent  forest  edge  characterized  by  common 
and  glossy  buckthorn  ( Rhamnus  cathartica 
and  R.  frangula),  honeysuckle  ( Lonicera  ta- 
tarica  and  L.  maackii ),  box  elder  ( Acer  ne- 
gundo),  and  ash  ( Fraxinus  sp.).  There  were  no 
bird  feeders  near  the  nets,  nor  were  nets  baited 
with  seed  or  other  food,  eliminating  atypical 
mass  gain  associated  with  supplemental  feed¬ 
ing  (Cherry  1982,  Dunn  2001). 

Nets  were  operated  from  mid-August 
through  early  November  each  fall  from  1992 
to  2006.  Two  consecutive  days  off  in  a  row 
were  avoided  when  possible.  Nets  were 
opened  at  dawn  and  remained  open  for  an  av¬ 
erage  of  4.6  hrs/day.  Nets  were  checked  every 
30  to  40  min,  and  birds  were  classified  to  age 
and  gender  using  skulling  and  plumage  char¬ 
acteristics  (Pyle  1997).  Measurements  taken 
included  unflattened  wing  chord  and  fat  class 
scored  on  a  six-category  scale  following 
Helms  and  Drury  (1960).  I  refer  to  birds  as 
“lean”  if  they  had  a  fat  class  of  0  (no  fat)  or 
1  (trace  of  fat).  The  extent  of  molt  was  noted 
and  birds  were  fitted  with  a  USGS  aluminum 
band  and  weighed  to  the  nearest  0.1  g  on  a 
digital  scale.  Time  of  weighing  was  recorded 
and  later  converted  to  hours  past  sunrise.  Re¬ 
captured  birds  were  examined  for  fat  and 
weighed  without  reference  to  previous  cap¬ 
tures. 

Gray-cheeked  (GCTH),  Swainson's  (SWTH), 
and  Hermit  (HETH)  thrushes  are  all  exclu¬ 
sively  passage  migrants  at  UMD.  Thrushes 
undergoing  extensive  molt  (>20  body  feath¬ 
ers),  including  all  birds  with  molting  prima¬ 
ries,  were  excluded  from  analyses  as  wing 
chord  in  birds  lacking  fully  grown  outer  pri¬ 
maries  does  not  reflect  actual  body  size,  and 
molting  birds  may  spend  more  time  or  gain 
mass  more  slowly  at  a  stopover  site  than  non¬ 
molting  individuals  (Winker  et  al.  1992a,  b; 
Schaub  and  Jenni  2000). 

I  calculated  minimum  length  of  stay  for 
birds  recaptured  at  least  1  day  after  initial  cap¬ 
ture  by  subtracting  date  of  first  capture  from 
date  of  last  capture  (Cherry  1982,  Morris  et 
al.  1994).  Birds  may  not  have  been  captured 
on  their  day  of  arrival  or  recaptured  on  the 
day  of  their  departure,  and  days  between  cap¬ 


tures  is  a  conservative  estimate  of  stopover 
time  (Cherry  1982,  Moore  and  Kerlinger 
1987).  This  figure  represents  a  minimum  du¬ 
ration  of  stay,  but  I  refer  to  it  as  “stopover 
period”  or  “length  of  stay”  for  simplicity. 

I  used  two  methods  to  evaluate  mass 
change.  First,  mass  change  was  calculated  for 
recaptured  birds  by  subtracting  mass  at  first 
capture  from  mass  at  last  capture  (Morris  et 
al.  1994,  1996;  Wang  and  Moore  1997)  and 
expressing  the  difference  as  percent  of  initial 
mass.  Mass  change  was  also  estimated  using 
a  simple  linear  regression  model  to  relate  con¬ 
dition  of  birds  at  first  capture  and  time  of  cap¬ 
ture  (Winker  et  al.  1992a;  Winker  1995;  Dunn 
2000,  2001,  2002).  The  regression  model 
should  have  a  significant  positive  slope  if 
birds  gain  mass  throughout  the  day  (Winker 
et  al.  1992a).  Variation  in  body  size  of  indi¬ 
vidual  birds  within  species  was  considered  by 
calculating  a  “condition  index”  (mass  X  100/ 
wing  chord)  (Winker  1995,  Dunn  2002).  The 
condition  index  (Cl)  was  related  to  time  of 
capture  through  the  following  simple  linear 
regression  formula  of  Winker  et  al.  (1992a) 
and  Dunn  (2000): 

ACI  =  b0  +  b,H 

where  H  is  the  time  of  weighing  expressed  in 
hours  past  sunrise  and  b0  and  b,  are  coeffi¬ 
cients  estimated  by  the  regression.  Hourly 
change  in  mass  is  calculated  from  b,,  the 
hourly  change  in  condition  index  for  a  bird  of 
average  wing  length,  by  the  formula  b ,  ( mean 
wing  chord  at  this  site  for  each  species)/100 
(Dunn  2001).  Further  conversion  to  percent 
lean  body  mass  (using  average  lean  mass  for 
each  species  at  this  site)  allows  comparisons 
between  species  of  different  sizes,  and  the 
same  species  at  other  sites. 

Statistical  Analyses. — Statistical  analyses 
were  performed  using  SPSS  Version  12  (SPSS 
Institute  Inc.  2003).  Non-parametric  tests  were 
used  for  variables  that  violated  assumptions  of 
normality  or  equality  of  variances.  I  used 
Mann-Whitney  U  tests  to  test  for  differences 
in  fat  class  and  stopover  period,  and  indepen¬ 
dent  sample  t  tests  for  differences  in  condition 
between  age  classes.  I  used  Chi-square  tests 
to  examine  likelihood  of  recapture.  I  exam¬ 
ined  changes  in  mass  of  recaptured  individu¬ 
als  with  paired  t  tests,  and  changes  in  fat  class 
of  recaptures  with  Wilcoxon  Signed  Ranks 
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TABLE  1 .  Condition  of  young  (hatching-year,  HY)  and  adult  (after  hatching-year,  AHY)  Catharus  thrushes 
on  first  capture.  Values  are  mean  ±  SD.  Asterisk  indicates  significant  difference  (*P  <  0.05)  between  age 
groups. 


Species 

HY 

AHY 

n 

Initial  Cl3 

Initial  fat  class 

n 

Initial  Cl 

Initial  fat  class 

Gray-cheeked  Thrush 

140 

33.2  ±  3.2 

1.9  ±  1.2 

54 

33.3  ±  3.6 

1.9  ±  1.3 

Swainson's  Thrush 

953 

32.5  ±  2.9 

1.8  ±  1.2 

202 

32.4  ±  3.3 

1.9  ±  1.2 

Hermit  Thrush 

649 

34.3  ±  2.6 

1.8  ±  1.1 

65 

34.4  ±  2.7 

2.1  ±  1.2* 

3  Cl  —  condition  index  (mass  X  100)/wing  chord  accounts  for  variation  in  body  size  of  individuals. 


tests.  All  tests  reflect  two-tailed  probabilities, 
and  significance  was  set  at  P  <  0.05. 

RESULTS 

I  captured  2,141  individuals  of  the  three 
species  of  thrushes  during  the  fall  1992-2006 
seasons;  37  birds  (35  SWTH,  2  HETH)  were 
excluded  due  to  extensive  molt  leaving  2,074 
in  the  analyses.  Eighty-four  percent  of  those 
birds  identified  to  age  class  ( n  =  2,063)  were 
young  (hatching-year,  HY). 

The  majority  of  birds  had  some  fat  on  first 
capture  (Table  1).  Forty -one  percent  arrived 
lean  (fat  class  0  and  1)  and  the  ratio  was  sim¬ 
ilar  for  all  species  (x2  =  0.99,  df  =  2,  P  = 
0.61).  Initial  mean  fat  class  of  adult  (after 
hatching  year,  AHY)  and  HY  birds  was  sim¬ 
ilar,  and  there  were  no  significant  differences 
between  age  classes  in  GCTH  ( U  =  3,732,  P 
=  0.89)  or  SWTH  (U  =  94,372,  P  =  0.65). 
Young  HETH  had  an  initial  mean  fat  class 
slightly  (0.3  fat  class)  lower  than  adults  ( U  = 
17,611,  P  =  0.02).  The  mean  condition  index 
on  capture  of  AHY  and  HY  birds  was  also 
similar,  and  there  were  no  significant  differ¬ 
ences  between  age  classes  in  any  of  the  three 
species  (GCTH,  t  =  —0.19,  df  =  192,  P  = 
0.85;  SWTH,  t  =  0.51,  df  =  1153,  P  =  0.61; 
HETH,  t  =  -0.17,  df  =  712,  P  =  0.99).  Lin¬ 
ear  regression  models  of  initial  condition  in¬ 


dices  and  time  of  capture  indicated  diurnal 
mass  gains  for  SWTH  and  HETH  and  mass 
loss  for  GCTH;  this  was  significant  only  for 
HETH  (Table  2). 

Fourteen  percent  (301)  of  the  2,074  thrush¬ 
es  captured  were  recaptured.  Eighty-nine  per¬ 
cent  of  the  recaptures  were  young  thrushes 
(GCTH  76,  SWTH  90,  and  HETH  92,  respec¬ 
tively).  Young  GCTH  and  HETH  were  not 
more  likely  to  be  recaptured  than  adults 
(GCTH,  x2  =  0.88,  df  =  1,  P  =  0.35;  HETH, 
X2  =  0.52,  df  =  1,  P  =  0.47).  Young  SWTH 
were  slightly  more  likely  to  be  recaptured  than 
adults  (10%  recaptured  vs.  9.1%  expected,  \2 
=  5.1,  df  =  1,  P  =  0.02). 

The  mean  initial  condition  index  and  mean 
fat  class  were  nearly  identical  between  birds 
captured  only  once  and  birds  that  were  recap¬ 
tured  later.  The  only  significant  difference  was 
that  GCTH  that  were  later  recaptured  had  a 
higher  initial  fat  class  than  those  that  were  not 
recaptured  (fat  class  1.8  ±  1.2  [SD]  for  birds 
captured  once,  2.3  ±  1.3  for  birds  that  were 
later  recaptured,  U  =  2,256.5,  P  =  0.03).  Lean 
thrushes  were  not  more  likely  than  fatter  birds 
to  be  recaptured  for  any  of  the  three  species 
if  grouped  into  lean  and  fatter  categories,  but 
for  GCTH,  fatter  birds  were  more  likely  to  be 
recaptured  (SWTH,  \2  =  0.02,  df  =  1,  P  = 


TABLE  2.  Diurnal  change  in  condition  indices  for  three  Catharus  thrushes.  The  slope  (£>,)  is  the  change  in 
condition  per  hour,  the  correlation  coefficient  ( r )  measures  the  strength  of  the  relationship  between  condition 
and  time  of  capture,  and  the  F-statistic  shows  how  well  the  linear  model  fits  the  data. 


Species 

n 

b\ 

r 

F 

P 

Mass  gain3 
(g/hr) 

%  Changeb 
(lean  mass/hr) 

Gray-cheeked  Thrush 

194 

-0.257 

0.12 

3.0 

0.80 

-0.26 

-0.84 

Swainson’s  Thrush 

1162 

0.084 

0.04 

2.1 

0.15 

0.08 

0.27 

Hermit  Thrush 

718 

0.271 

0.15 

16.5 

<0.001 

0.24 

0.81 

3  Change  in  mass  in  grams  based  on  a  regression  of  condition  index  on  time  of  capture  (in  time  past  sunrise). 
b  Based  on  percent  of  lean  mass  for  this  species  at  this  site. 
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TABLE  3.  Recapture  data  for  three  Catharus  thrushes.  Values  are  mean  ±  SD.  Asterisks  indicates  significant 
difference  ( ***p  <  0.001)  in  condition  between  first  and  last  capture. 

Parameter 

Gray-cheeked  Thrush 

Swainson’s  Thrush 

Hermit  Thrush 

n  (%  of  total  captured) 

38  (19) 

105  (9) 

158  (22) 

Stopover  period” 

5.6  ±  4.0 

4.7  ±  3.0 

5.4  ±  4.2 

Percent  gaining  mass 

82 

73 

83 

Mean  change  (g)b 

3.4  ±  3.8*** 

1^  +  2  5*** 

1.7  ±  1.9*** 

Change  (%)c 

10.0  ±  11.4 

5.5  ±  8.4 

5.8  ±  6.5 

Change  in  fat  class 

0.9  ±  1.2*** 

0.8  ±  1.3*** 

1.0  ±  1.4*** 

a  Mean  number  of  days  between  first  and  last  capture. 
b  Mass  at  last  capture  -  mass  at  first  capture. 

c  Percent  of  initial  mass  (mass  at  last  capture  -  initial  mass/initial  mass  X  100). 


0.89,  HETH,  x2  =  0.22,  df  =  1,  P  =  0.63, 
GCTH,  x2  =  5.1,  df  =  1,  P  =  0.02). 

There  were  no  significant  differences 
among  recaptured  birds  in  stopover  duration 
or  change  in  fat  class  or  mass  between  first 
and  last  capture  between  HYs  and  AHYs  in 
any  of  the  three  species,  and  age  classes  were 
pooled  to  summarize  recapture  data.  There 
was  no  significant  difference  in  the  mean  stop¬ 
over  period  of  lean  and  fatter  birds  for  GCTH 
or  SWTH.  Fatter  birds  in  both  species  had 
slightly  longer  stopover  periods  than  leaner 
birds  (GCTH,  lean,  5.2  days,  n  =  9  vs.  fatter 
5.7  days,  n  =  29,  U  =  119.5,  P  =  0.70; 
SWTH,  lean,  4.6  days,  n  =  43  vs,  fatter  4.8 
days,  n  =  62,  U  =  1,280.0,  P  =  0.73).  Lean 
HETH  had  significantly  longer  stopover  du¬ 
rations  (6.4  days,  n  =  61)  than  fatter  birds  (4.8 
days,  n  =  97,  U  =  2,346.5,  P  =  0.03). 

Seventy-nine  percent  of  the  301  recaptured 
birds  gained  mass  between  first  and  last  cap¬ 
ture,  17%  lost  mass,  and  4%  showed  no 
change.  Change  in  mass  and  change  in  fat 
class  between  first  and  last  captures  was  pos¬ 
itive  and  significant  for  all  species  (Table  3). 
Lean  birds  gained  more  mass  than  fatter  birds, 
but  the  difference  was  significant  only  for 
HETH  (lean:  7.4  ±  7.5%  of  original  mass,  n 
=  39;  fatter:  4.8  ±  5.5,  n  =  61,  t  =  2.4,  df  = 
156,  P  =  0.01).  Lean  birds  of  all  species  had 
greater  increases  in  fat  class  between  first  and 
last  captures  than  fatter  birds,  and  the  differ¬ 
ence  was  significant  for  all  species  (GCTH, 
lean,  1.8  ±  1.3,  n  =  9  vs.  fatter  0.6  ±  1.1,  n 
=  29,  U  =  64.0,  P  =  0.02;  SWTH,  lean,  1.3 
±  1.3,  n  —  41  vs.  fatter  0.5  ±  1.3,  n  =  59,  U 
=  928.5,  P  =  0.01;  HETH,  lean,  2.1  ±  1.4,  n 
=  39  vs.  fatter  0.4  ±  1.0,  n  =  61,  U  = 
1,071.0,  P  <  0.001). 


DISCUSSION 

This  study  provides  the  first  overview  of 
long-term  data  on  stopover  ecology  of  migrant 
thrushes  at  an  urban  stopover  site.  Most  birds 
were  in  good  condition  at  first  capture  at 
UMD.  A  lower  proportion  of  birds  were  lean 
at  UMD  than  the  mean  values  for  passerine 
species  at  other  fall  stopover  sites  (Morris  et 
al.  1994,  1996;  Wang  and  Finch  1997;  Otahal 
1998;  Rimmer  and  McFarland  2000;  Boal  and 
Estabrook  2007). 

Recaptured  migrants  are  often  considered 
not  representative  of  the  migrant  population 
due  to  a  recapture  bias  towards  resident  birds, 
molting  birds,  young  birds,  or  lean  birds 
(Bairlein  1985;  Moore  and  Kerlinger  1987; 
Ellegren  1991;  Kuenzi  et  al.  1991;  Winker  et 
al.  1992a,  b;  Parrish  1997;  Jones  et  al.  2002). 
This  study  only  considered  passage  migrants, 
and  molting  birds  were  excluded.  Young 
GCTH  and  HETH  were  not  significantly  more 
likely  to  be  recaptured  than  older  birds,  and 
young  SWTH  were  only  slightly  more  likely 
to  be  recaptured  than  adults.  Initial  condition 
did  not  influence  likelihood  of  recaptures. 
These  results  indicate  that  recaptured  thrushes 
at  UMD  may  be  representative  of  all  migrant 
thrushes  at  this  site,  and  makes  examining  re¬ 
capture  data  appropriate  and  constructive. 

Positive  rates  of  mass  gain  were  detected 
for  SWTH  (P  =  0.80)  and  HETH  (P  =  0.001) 
using  a  regression  of  initial  condition  against 
time  since  sunrise.  The  regression  model  in¬ 
dicated  non-significant  diurnal  mass  loss  for 
GCTH.  The  high  proportion  of  fat  GCTH  cap¬ 
tured  within  2  hrs  of  sunrise  (68.4%  of  birds 
of  the  highest  2  fat  classes,  including  all  of 
the  fat  class  “5”  birds)  strongly  influenced  the 
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slope  of  the  line  and  may  help  explain  this 
pattern  of  mass  loss.  There  is  evidence  that 
migrants  with  high  fat  reserves  at  stopover 
sites  are  relatively  inactive  and  stop  foraging 
earlier  in  the  day  (Bairlein  1985,  Wang  and 
Moore  1993,  Dunn  2002,  Tietz  and  Johnson 
2007).  Slopes  of  the  regression  would  be  flat¬ 
tened  and  may  not  reveal  significant  trends, 
and  mass  gains  estimated  with  regression 
would  be  underestimated,  if  fat  birds  are  not 
being  sampled  later  in  the  day  (Winker  et  al. 
1992a;  Dunn  2000,  2002).  Dunn  (2002)  spe¬ 
cifically  noted  a  negative  relationship  between 
high  morning  condition  and  high  rates  of  mass 
gain  estimated  by  the  regression  model. 

Thrushes,  especially  SWTH,  have  been 
found  to  have  low  mass  gains  or  losses  esti¬ 
mated  by  regression  (Dunn  2001,  2002). 
SWTH  at  UMD  had  higher  mass  gains  than 
those  calculated  in  fall  at  six  of  eight  Cana¬ 
dian  sites  (Dunn  2002),  in  a  New  York  City 
Park  (Seewagen  and  Slayton  2008),  and  on 
the  coast  of  Alabama  prior  to  a  trans-Gulf 
flight  (Woodrey  and  Moore  1997).  Mass  gains 
were  lower  than  those  calculated  using  this 
method  for  SWTH  on  fall  stopovers  in  Min¬ 
nesota  (Winker  et  al.  1992b)  and  New  York 
(Bonter  et  al.  2007).  Mass  gains  of  HETH  at 
UMD  were  also  higher  than  those  calculated 
using  this  method  by  Dunn  (2001)  and  Bonter 
el  al.  (2007). 

Birds  may  select  appropriate  habitats  and 
“choose”  to  stay  at  a  stopover  site  only  if 
there  is  potential  to  gain  mass,  and  should 
move  on  quickly  if  a  site  is  inappropriate 
(Rappole  and  Warner  1976,  Graber  and  Gra- 
ber  1983,  Ellegren  1991,  Kuenzi  et  al.  1991, 
Moore  and  Simons  1992,  Moore  et  al.  1995, 
Wang  and  Moore  1997).  The  results  of  my 
study,  bolstered  by  the  general  agreement  be¬ 
tween  the  two  methods  used  to  estimate  mass 
gains,  indicate  that  UMD  is  a  suitable  stop¬ 
over  site  for  migrant  thrushes. 

Urban  areas  such  as  UMD  present  many 
challenges  that  may  reduce  foraging  oppor¬ 
tunities  for  migrants.  The  extensive  trail  sys¬ 
tem  creates  frequent  human  disturbance  (the 
most  intense  trail  use  coincides  with  migra¬ 
tory  periods);  these  interactions  have  been 
shown  to  interfere  with  foraging  time  (Fer- 
nandez-Juricic  2000,  Fernandez- Juricic  and 
Tellerfa  2000,  Thomas  et  al.  2003).  Migrant 
thrushes  face  competition  from  abundant  ur¬ 


ban-adapted  species  for  fruits,  a  major  dietary 
component  in  fall  (Ingold  and  Craycraft  1983, 
Parrish  1997,  Mack  and  Wang  2000).  Non¬ 
native  fruiting  plants  predominate,  and  high- 
quality  native  fruits  are  largely  depleted  by 
synanthropic  species  early  in  migration,  leav¬ 
ing  thrushes  (especially  HETH)  to  rely  heavi¬ 
ly  on  low-lipid  non-native  fruits.  Nonetheless, 
thrushes  appear  to  find  UMD  suitable  foraging 
habitat,  and  are  able  to  gain  mass  at  this  urban 
site. 

These  apparent  disadvantages  may  be 
unique  but  characteristic  of  highly  urbanized 
stopover  sites.  Further  research  is  needed  into 
the  consequences  of  the  added  pressures  fac¬ 
ing  migrants  at  urban  stopovers.  In  particular, 
exploration  into  the  value  of  non-native  fruit 
to  migratory  birds  should  have  management 
implications  for  urban  natural  areas. 
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WINTER  SITE  FIDELITY  AND  OVER- WINTER  SITE  PERSISTENCE 

OF  PASSERINES  IN  FLORIDA 

SCOTT  G.  SOMERSHOE,1-3  CHRISTINE  R.  D.  BROWN,2  AND 
RICHARD  T.  POOLE2 


ABSTRACT. — Many  species  of  temperate  migrant  birds  are  abundant  in  winter  in  the  southeastern  United 
States,  but  little  is  known  about  fidelity  of  migratory  species  to  wintering  areas.  Mist  netting  was  conducted  at 
Rock  Springs  Run  State  Reserve  in  Orange  County,  Florida  during  the  non-breeding  season  from  1997  to  2002. 
We  quantify  the  first  records  of  winter  site  fidelity  for  Gray  Catbird  ( Dumetella  carolinensis).  House  Wren 
(Troglodytes  aedon),  and  Orange-crowned  Warbler  ( Vermivora  celata).  We  also  document  the  first  known  winter 
returns  of  Blue-headed  Vireo  ( Vireo  solitarius )  and  Ovenbird  (Seiurus  aurocapilla )  in  temperate  winter  areas. 
Many  site  faithful  birds  exhibited  over-winter  site  persistence  by  being  recaptured  many  times  throughout  the 
winter  (over  4  weeks),  suggesting  these  birds  are  site  faithful  within  and  between  years.  Patterns  of  returns  and 
over-winter  site  persistence  followed  trends  expected  from  life  history  characteristics  for  most  species.  Received 
29  September  2007.  Accepted  7  June  2008. 


Winter  biology  of  migratory  birds  has  re¬ 
ceived  attention  because  conditions  in  the 
non-breeding  season  have  been  shown  to  limit 
populations  (Rappole  and  McDonald  1994, 
Sherry  and  Holmes  1996).  Factors  influencing 
a  bird’s  ability  to  survive  the  winter  and  re¬ 
produce  the  following  spring  are  of  concern 
(Sherry  and  Holmes  1996,  Norris  et  al.  2003, 
Johnson  et  al.  2006).  One  factor  that  may  in¬ 
crease  a  bird’s  survival  probability  and  future 
reproductive  success  is  returning  to  the  same 
non-breeding  area  annually  (i.e.,  winter  site  fi¬ 
delity),  which  provides  the  advantages  of  in¬ 
creased  familiarity  with  local  resources,  ter¬ 
ritorial  dominance,  and  predator  avoidance 
(Latta  and  Faaborg  2001,  Brown  et  al.  2002). 
Site  fidelity  has  been  well  documented  in  mi¬ 
grant  passerines  in  breeding  areas  (Bedard  and 
LaPointe  1984,  Brown  and  Dickson  1994,  Og¬ 
den  and  Stutchbury  1994,  Jones  et  al.  2007) 
and  on  stopover  sites  during  migration  (Nisbet 
1969,  Winker  et  al.  1991,  Somershoe  and 
Chandler  2000,  Bermejo  and  de  la  Puente 
2002).  Site  fidelity  has  also  been  shown  for 
neotropical  migrant  songbirds  wintering  in  the 
Caribbean  Basin  and  Central  and  South  Amer¬ 
ica  (Warkentin  and  Hernandez  1996,  Wunder- 
le  and  Latta  2000,  Latta  and  Faaborg  2001), 
but  few  short-  or  long-distance  migrant  song¬ 


1  Tennessee  Wildlife  Resources  Agency,  P.  O.  Box 
40747,  Nashville,  TN  37204,  USA. 

2  150  Essex  Drive,  Longwood,  FL  32779,  USA. 

3  Corresponding  author;  e-mail:  scott.somershoe@ 
state.tp.us 


birds  are  known  to  return  to  non-breeding  ar¬ 
eas  in  successive  years  in  the  southern  United 
States. 

Many  species  of  short-  and  long-distance 
migrants  are  reported  during  winter  through¬ 
out  the  southeast  United  States  (Homann 
1979,  Poole  et  al.  2003),  but  there  is  little  or 
no  information  to  the  extent  of  their  residency 
at  any  particular  location.  Long-distance  neo¬ 
tropical  migrants  would  be  typically  expected 
to  occupy  these  areas  as  stopover  sites  in  fall 
with  possible  extended  stopover  into  winter 
months.  Detailed  quantitative  information 
about  annual  winter  returns  are  lacking  for  the 
short-distance  migrant.  Orange-crowned  War¬ 
bler  ( Vermivora  celata)  (Sogge  et  al.  1994). 
In  addition,  we  found  only  anecdotal  evidence 
of  potential  winter  returns  for  the  short-dis¬ 
tance  migrant  House  Wren  ( Troglodytes  ae- 
don)  and  long-distance  migrant  Gray  Catbird 
( Dumetella  carolinensis )  (Fisk  1979,  Cim- 
prich  and  Moore  1995,  Johnson  1998).  Long¬ 
distance  migrants  such  as  Blue-headed  Vireo 
(Vireo  solitarius )  and  Ovenbird  (Seiurus  au¬ 
rocapilla)  have  quantitative  returns  to  tropical 
non-breeding  sites,  but  we  found  no  detailed 
accounts  of  returns  for  these  species  in  the 
southeastern  United  States  (Van  Horn  and 
Donovan  1994,  Kricher  1995,  James  1998, 
Wunderle  and  Latta  2000). 

We  present  the  first  quantitative  assessment 
of  winter  site  fidelity  for  House  Wren,  Gray 
Catbird,  and  Orange-crowned  Warbler.  We 
also  present  quantitative  data  for  non-breeding 
season  returns  of  Blue-headed  Vireo  and  Ov- 
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enbird  in  the  southeastern  United  States.  We 
examined  captures  of  nine  species  of  migrant 
songbirds  at  Rock  Springs  Run  State  Reserve 
in  Orange  County,  Florida,  and  relate  ob¬ 
served  and  expected  patterns  of  winter  site  fi¬ 
delity  and  over-winter  site  persistence  to  life 
history  traits. 

METHODS 

We  banded  birds  at  Rock  Springs  Run  State 
Reserve  (RSRSR)  near  Orlando,  Florida 
(Orange  County;  28°71'N,  81°  45'  W)  from 
1  September  through  15  April  1997-2002.  We 
operated  10—20  mist  nets  (12  X  2.6  m,  32  mm 
mesh)  almost  daily,  weather  permitting,  from 
1  September  through  31  October  and  approx¬ 
imately  weekly  from  November  through  15 
April,  averaging  23  days  and  1,500  net  hours 
per  season.  RSRSR  has  a  second  growth  for¬ 
est  with  70-80%  canopy  closure  of  sand  pine 
(Pinus  clausa).  The  understory  is  comprised 
primarily  of  oaks  ( Quercus  myrtifolia,  Q. 
geminata,  Q.  chapmanii)  and  is  bordered  on 
one  side  by  a  thicket  of  wax  myrtle  ( Myrica 
cerifera)  and  blackberry  ( Rubus  spp.).  A  com¬ 
plete  description  of  banding  operations  and 
vegetation  characteristics  of  the  study  site  are 
provided  by  Poole  et  al.  (2003).  All  birds  were 
banded  with  a  USGS  aluminum  band  and  re¬ 
leased  at  a  central  banding  station  under  per¬ 
mit  to  R.T.  Poole. 

The  non-breeding  season  was  defined  as 
from  1  September  to  1 5  April.  Transient  mi¬ 
grants  are  encountered  in  central  Florida 
throughout  most  non-breeding  seasons  (Terrill 
and  Ohmart  1984;  Terrill  and  Crawford  1988; 
Crawford  and  Engstrom  2001;  P.  H.  Homann, 
pers.  comm.),  but  we  define  migration  as  Sep- 
tember-October  and  March-April,  and  winter 
as  November  through  February.  We  imposed 
criteria  to  identify  passage  migrants  that  may 
show  stopover  site  fidelity  as  many  transients 
are  banded  in  migration.  For  example,  if  an 
individual  was  only  (re)captured  in  migration, 
we  concluded  the  bird  exhibited  stopover  site 
fidelity. 

We  define  winter  site  faithful  birds  as  in¬ 
dividuals  that  were  (re)captured  in  more  than 
one  winter  with  at  least  one  capture  between 
November  and  the  end  of  February.  We  were 
unable  to  calculate  annual  return  rates  of  win¬ 
ter  site  faithful  birds  as  transients  were  likely 
present  at  the  banding  area  throughout  most 


of  the  non-breeding  season,  especially  during 
migration.  Total  captures  include  only  individ¬ 
uals  banded  from  1  September  to  15  April 
1997-2001,  which  excluded  all  new  birds 
banded  in  winter  2001—2002  that  we  could  not 
recapture  in  a  subsequent  non-breeding  sea¬ 
son. 

We  defined  over-winter  site  persistence  and 
assumed  a  bird  was  a  winter  resident  if  cap¬ 
tures  were  separated  by  a  minimum  of  4 
weeks  (Wunderle  and  Latta  2000)  with  at  least 
one  encounter  between  1  November  and  the 
end  of  February.  Establishing  a  criterion  of  a 
minimum  4-week  interval  between  captures 
allowed  us  to  eliminate  many,  but  not  all,  tran¬ 
sients  from  being  considered  over-wintering 
individuals.  We  also  calculated  the  number  of 
individuals  with  site  persistence  extending 
over  6  and  8  weeks.  We  only  included  indi¬ 
viduals  banded  from  1  September  to  29  Feb¬ 
ruary  1997-2002  for  analysis  of  potential 
over-winter  site  persistence  as  birds  banded  in 
March  and  April  could  not  exhibit  site  persis¬ 
tence  with  the  conclusion  of  the  non-breeding 
season. 

RESULTS 

Individuals  of  nine  migrant  species  had  an¬ 
nual  site  fidelity  to  a  non-breeding  area  in 
Florida  (Table  1).  The  majority  of  site  faithful 
birds  returned  in  the  first  non-breeding  season 
after  banding  (78-100%)  regardless  of  wheth¬ 
er  they  were  banded  in  migration  or  winter. 
However,  55%  of  site  faithful  Yellow-rumped 
Warblers  ( Dendroica  coronata)  banded  in 
winter  were  not  recaptured  until  at  least  two 
non-breeding  seasons  after  banding. 

Stopover  Site  Fidelity. — Several  individuals 
banded  in  migration  with  returns  in  a  subse¬ 
quent  non-breeding  season  were  stopover  site 
faithful,  particularly  those  individuals  recap¬ 
tured  in  migration  without  captures  in  winter 
(Table  1).  Four  House  Wrens,  eight  Gray  Cat¬ 
birds,  one  Yellow-rumped  Warbler,  13  Oven- 
birds,  and  seven  Swamp  Sparrows  ( Melospiza 
georgiana)  displayed  behavior  indicative  of 
stopover  site  fidelity  with  all  encounters  in 
September,  October,  March,  and  April.  The 
majority  of  individuals  exhibiting  stopover 
site  fidelity  were  only  captured  in  fall  migra¬ 
tion,  as  some  had  captures  only  in  spring  (i.e., 
5  Swamp  Sparrows)  or  split  between  spring 
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TABLE  1 .  Site  faithful  birds  banded  during  migration  and  winter  at  Rock  Springs  Run  State  Reserve,  Orange 
County,  Florida,  1997-2001. 


Migration  Winter 


Species 

Banded2 

Site 

faithfulb 

Site 
faithful 
in  first 
year0 

Return  in 
migrationd 

Captures 
in  winter0 

Bandedf 

Site 

faithfulb 

Site 
faithful 
in  first 
yeai° 

Return  in 
winter^ 

Blue-headed  Vireo 

5 

1 

0 

0 

i 

5 

0 

0 

0 

House  Wren 

264 

9 

9 

9 

5 

11 

l 

i 

0 

Ruby-crowned  Kinglet 

55 

2 

2 

1 

2 

70 

7 

6 

5 

Hermit  Thrush 

17 

1 

0 

0 

1 

5 

2 

2 

1 

Gray  Catbird 

1,779 

21 

17 

13 

13 

90 

21 

21 

7 

Orange-crowned  Warbler 

20 

0 

0 

0 

0 

13 

2 

2 

2 

Yellow-rumped  Warbler 

228 

6 

5 

1 

6 

485 

18 

8 

8 

Ovenbird 

206 

15 

12 

10 

3 

3 

1 

1 

0 

Swamp  Sparrow 

136 

13 

12 

8 

7 

53 

13 

8 

5 

a  Number  of  individuals  banded  from  1  September  to  31  October  and  1  March  to  15  April  1997-2001. 
b  Number  of  individuals  that  returned  in  at  least  one  subsequent  non-breeding  season. 
c  Number  of  individuals  that  returned  in  first  non-breeding  season  after  initial  banding. 
d  Number  of  individuals  that  returned  in  migration  in  the  first  non-breeding  season  after  initial  banding. 

e  Number  of  individuals  that  had  captures  in  the  winter  in  either  the  non-breeding  season  in  which  the  bird  was  initially  banded,  or  in  a  subsequent 
non-breeding  season. 

f  Number  of  individuals  banded  from  1  November  to  29  February  1997-2001. 

8  Number  of  individuals  that  returned  in  winter  in  the  first  non-breeding  season  after  initial  banding. 


and  fall  migration  with  no  winter  captures 
(i.e.,  1  Swamp  Sparrow). 

Winter  Site  Fidelity. — Many  birds  banded  at 
RSRSR  exhibited  winter  site  fidelity  (Table 
1).  Birds  banded  during  migration,  except  for 
Yellow-rumped  Warblers,  generally  returned 
in  migration  in  the  first  non-breeding  season 
after  initial  banding,  but  had  subsequent  cap¬ 
tures  in  winter.  Ten  of  15  site  faithful  Oven- 
birds  were  recaptured  in  migration  in  the  first 
non-breeding  season  in  which  they  were  en¬ 
countered  after  initial  banding;  however  only 
three  Ovenbirds  had  captures  in  winter 
months  and  exhibited  winter  site  fidelity.  Only 
one  of  six  site  faithful  Yellow-rumped  War¬ 
blers  banded  in  migration  was  recaptured  in 
migration  in  the  first  non-breeding  season  af¬ 
ter  initial  banding  in  which  they  were  encoun¬ 
tered;  however  all  birds  had  encounters  in 
winter  months. 

Most  birds  initially  banded  in  winter  had  a 
similar  pattern  in  timing  of  first  recaptures  in 
subsequent  non-breeding  seasons.  Winter  site 
faithful  birds,  except  for  Yellow-rumped  War¬ 
blers  and  Swamp  Sparrows,  originally  banded 
in  winter  usually  returned  in  the  first  non¬ 
breeding  season  after  initial  banding.  How¬ 
ever,  many  site  faithful  birds  were  not  recap¬ 
tured  in  winter  in  the  first  non-breeding  season 
after  initial  banding  (Table  1).  For  example, 
66%.  of  Gray  Catbirds  originally  banded  in 


winter  were  first  recaptured  in  migration  in  a 
subsequent  non-breeding  season  rather  than  in 
winter. 

Some  individuals  returned  multiple  years  in 
succession,  while  others  were  recaptured  after 
not  being  captured  in  the  previous  year  (i.e., 
missed  returns).  Notable  returns  include  one 
House  Wren,  two  Gray  Catbirds,  an  Orange- 
crowned  Warbler,  and  an  Ovenbird  that  were 
captured  in  4  successive  years.  We  captured 
many  other  birds  in  three  different  non-breed¬ 
ing  seasons,  including  one  House  Wren,  one 
Ruby-crowned  Kinglet  ( Regulus  calendula), 
11  Gray  Catbirds,  four  Ovenbirds,  and  three 
Swamp  Sparrows.  No  Yellow-rumped  War¬ 
blers  were  captured  in  more  than  two  non¬ 
breeding  seasons,  while  55%  were  “missed” 
the  year  after  banding  and  the  only  return  oc¬ 
curred  in  a  non-breeding  season  at  least  2 
years  after  initial  capture. 

Over-winter  Site  Persistence. — Most  indi¬ 
viduals  that  exhibited  over-winter  site  persis¬ 
tence  had  stays  >8  weeks  with  at  least  one 
capture  in  winter  regardless  of  when  they 
were  banded  (i.e.,  migration  or  winter)  (Table 
2).  Winter  banded  Yellow-rumped  Warblers 
were  an  exception,  where  we  had  equal  num¬ 
bers  of  birds  that  stayed  a  minimum  of  4-6 
weeks  as  those  that  stayed  >8  weeks. 

Several  individuals  were  banded  in  migra¬ 
tion  and  either  persisted  through  fall  or  were 
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TABLE  2.  Over-winter  site  persistence  and  minimum  length  of  stay  with  at  least  one  capture  in  winter  (i.e., 
1  Nov  through  29  Feb)  during  the  non-breeding  season  of  initial  capture  among  birds  banded  at  Rock  Springs 
Run  State  Reserve,  Orange  County,  Florida,  1997-2002. 


Migration  Winter 


Species 

Banded3 

4-6  wks 

6-8  wks 

>8  wks 

Bandedb 

4-6  wks 

6-8  wks 

>8  wks 

Blue-headed  Vireo 

5 

o 

0 

0 

5 

0 

0 

i 

House  Wren 

276 

2 

3 

5 

20 

i 

l 

5 

Ruby-crowned  Kinglet 

50 

0 

0 

5 

99 

3 

5 

10 

Hermit  Thrush 

16 

0 

0 

0 

8 

2 

0 

0 

Gray  Catbird 

1,714 

3 

3 

27 

152 

11 

4 

34 

Orange-crowned  Warbler 

17 

0 

0 

0 

25 

2 

1 

2 

Yellow-rumped  Warbler 

104 

0 

0 

2 

975 

9 

2 

9 

Ovenbird 

204 

0 

0 

3 

5 

0 

0 

0 

Swamp  Sparrow 

98 

0 

0 

4 

78 

4 

4 

8 

3  Number  of  individuals  banded  between  1  September  and  31  October  1997-2002. 
b  Number  of  individuals  banded  between  1  November  and  29  February  1997-2002. 


recaptured  in  March-April  with  no  captures  in 
winter.  Four  House  Wrens,  14  Gray  Catbirds, 
two  Yellow-rumped  Warblers,  and  two  Ov- 
enbirds  banded  in  migration  persisted  >8 
weeks  with  captures  in  March-April  but  with¬ 
out  a  capture  in  winter.  In  addition,  two  Yel¬ 
low-rumped  Warblers  and  four  Ovenbirds  per¬ 
sisted  4-6  weeks  with  captures  only  in  fall 
(i.e.,  Sep-Oct). 

Some  encounter  histories  indicate  much 
longer  stays  (>8  weeks)  at  the  study  site 
through  the  winter.  For  example,  14  Gray  Cat¬ 
birds  had  captures  spanning  between  12  and 
16  weeks  within  one  non-breeding  season. 
One  Ovenbird  had  captures  spanning  21 
weeks  from  19  October  1999  through  March 
2000  with  similar  lengths  of  stay  in  2  subse¬ 
quent  non-breeding  seasons.  Encounter  histo¬ 
ries  also  indicate  some  Ovenbirds  arrived  on 
non-breeding  areas  early  in  fall  migration,  as 
early  as  9  September,  and  persisted  through 
the  non-breeding  season  into  mid-March.  One 
Ovenbird  arrived  on  non-breeding  area  at 
nearby  Wekiva  Springs  State  Park,  Orange 
County,  Florida  on  30  August  (R.  T.  Poole, 
pers.  obs.)  and  persisted  into  mid-November. 

DISCUSSION 

Recapturing  individuals  in  multiple  non¬ 
breeding  seasons  with  captures  within  the 
winter  months  (Nov-Feb)  provides  evidence 
of  winter  site  fidelity.  We  documented  nine 
species  of  migrant  birds  returning  to  non¬ 
breeding  areas  at  Rock  Springs  Run  State  Re¬ 
serve  in  Orange  County,  Florida  using  this  cri¬ 
terion.  Frequent  capture  of  individuals  in  the 


same  location  throughout  the  winter  establish¬ 
es  over-winter  site  persistence  and  may  pro¬ 
vide  evidence  for  maintenance  of  a  home 
range  or  a  territory  (Gram  and  Faaborg  1997). 
Individuals  of  five  species  displayed  behavior 
indicative  of  stopover  site  fidelity  with  no  ev¬ 
idence  of  over-winter  site  persistence  as  all 
encounters  occurred  in  September,  October, 
March,  and  April. 

Differences  in  patterns  of  returns  among 
species  are  generally  explained  by  life  history 
characteristics  and  social  structure.  Flocking 
species  that  do  not  defend  territories  typically 
have  low  numbers  of  returns  in  temperate  re¬ 
gions  (Wheelwright  and  Rising  1993,  Carey 
et  al.  1994,  Middleton  1998,  Norment  et  al. 
1998).  We  would  expect  few  individuals  to 
return  between  years  and  to  exhibit  low  over¬ 
winter  site  persistence  if  these  species  are  gen¬ 
erally  nomadic  during  winter  and  not  faithful 
to  one  location. 

Yellow-rumped  Warblers  formed  flocks  in 
our  study  area  and  were  not  territorial;  we 
found  few  returning  between  years  and  exhib¬ 
iting  over-winter  site  persistence  (Hunt  and 
Flaspohler  1998).  Our  data  support  a  nomadic 
life  history  with  instances  of  pairs  of  Yellow- 
rumped  Warblers  being  banded  and  recaptured 
on  the  same  day  within  the  same  non-breeding 
season  with  encounters  separated  by  >2 
weeks  in  one  case  and  >4  weeks  in  four  other 
instances  with  no  additional  encounters.  These 
rare  encounters  coupled  with  a  Yellow-rum¬ 
ped  Warbler  that  was  documented  in  the  Tal¬ 
lahassee,  Florida  area  within  a  winter  ([recap- 
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tured  ~5  km  distant  2  weeks  after  banding]; 
P.  H.  Homann,  pers.  comm.)  suggests  this  spe¬ 
cies  may  use  a  series  of  sites  during  winter 
and  periodically  return  to  previous  sites.  Our 
data  suggest  that  Yellow-rumped  Warblers 
may  be  nomadic  in  winter,  but  also  faithful  to 
numerous  locations  throughout  a  wintering 
area  that  is  used  from  year  to  year  (Mettke- 
Hofmann  and  Gwinner  2003).  Data  also  sup¬ 
port  the  pattern  that  flocking  species  that  do 
not  defend  territories  tend  to  have  low  return 
rates  with  few  individuals  showing  over-win¬ 
ter  site  persistence  (Wheelwright  and  Rising 
1993,  Carey  et  al.  1994,  Hunt  and  Flaspohler 
1998,  Middleton  1998,  Norment  et  al.  1998). 

Flocking  species  that  may  maintain  group 
territories  or  home  ranges,  such  as  White- 
throated  ( Zonotrichia  albicollis)  and  Swamp 
sparrows,  are  known  to  have  high  return  rates 
(>25%)  in  temperate  wintering  areas  (Falls 
and  Kopachena  1994,  Mowbray  1997). 
Swamp  Sparrows  appear  to  maintain  over¬ 
winter  home  ranges  and  may  also  be  territorial 
or  defend  a  home  range.  Our  data  support  the 
pattern  that  flocking  species  that  may  maintain 
group  territories  or  home  ranges  have  gener¬ 
ally  higher  return  rates  and  greater  likelihood 
of  over-winter  site  persistence. 

Species  that  defend  individual  territories 
may  also  have  high  return  rates  (i.e.,  61%  for 
White-crowned  Sparrow  [ Zonotrichia  leuco- 
phrys]  in  California,  31%  for  Black-throated 
Blue  Warbler  [Dendroica  caerulescens ]  in 
Dominican  Republic,  40%  for  Black-and- 
white  Warbler  [ Mniotilta  varia]  in  Dominican 
Republic,  46-75%  and  34%  for  American 
Redstart  [Setophaga  ruticilla ]  in  Jamaica  and 
Dominican  Republic,  respectively)  (Mewaldt 
1976,  Chilton  et  al.  1995,  Sherry  and  Holmes 
1997,  Wunderle  and  Latta  2000).  We  found 
few  Blue-headed  Vireos,  House  Wrens, 
Orange-crowned  Warblers,  and  Ovenbirds  ex¬ 
hibiting  winter  site  fidelity,  while  only  18%  of 
Hermit  Thrushes  ( Catharus  guttatus )  returned 
in  Louisiana  (Brown  et  al.  2000).  Infrequent 
returns  may  be  due  to  several  factors,  includ¬ 
ing  changes  in  habitat  quality  between  years, 
few  territories  on  a  limited  banding  area  re¬ 
sulting  from  large  home  ranges  or  territories, 
low  non-breeding  densities,  shift  of  territories 
between  years,  and/or  birds  not  encountered 
upon  returning  to  the  banding  areas  (Remsen 
and  Good  1996,  Brown  et  al.  2000).  We  found 


moderate  to  high  numbers  of  site  faithful 
House  Wrens,  Hermit  Thrushes,  and  Gray 
Catbirds.  Hermit  Thrushes  exhibited  over¬ 
winter  site  persistence  in  our  study  and  have 
been  shown  to  be  territorial  in  winter  (Gram 
and  Faaborg  1997,  Brown  et  al.  2000).  Mod¬ 
erate  numbers  of  over-winter  site  faithful 
House  Wrens  and  Gray  Catbirds  suggests  they 
may  be  territorial  during  the  non-breeding 
season.  However,  more  research  is  needed  on 
these  species  and  also  Blue-headed  Vireos  and 
Orange-crowned  Warblers  (Sogge  et  al.  1994, 
James  1998). 

Uncertainty  exists  regarding  the  biology  of 
wintering  Ruby-crowned  Kinglets.  This  spe¬ 
cies  has  been  observed  in  single  species  and 
mixed  species  flocks  (Gram  and  Faaborg 
1997,  Gram  1998),  and  some  individuals  may 
be  territorial  in  the  non-breeding  season  (In¬ 
gold  and  Wallace  1994,  Gram  and  Faaborg 
1997).  We  found  few  returning  Ruby-crowned 
Kinglets,  possibly  due  to  a  short  mean  life 
span,  but  many  individuals  showed  over-win¬ 
ter  site  persistence  with  captures  >8  weeks 
within  one  non-breeding  season.  We  also  had 
a  Ruby-crowned  Kinglet  return  to  the  general 
area  of  banding  in  Tallahassee,  Florida  (~5 
km  from  banding  site)  in  a  subsequent  winter 
without  being  recaptured  at  the  initial  banding 
site  (R  H.  Homann,  pers.  comm.).  Patterns  of 
high  return  rates  within  and  between  years 
have  been  shown  for  a  territorial  species, 
(Hermit  Thrush)  (Jones  and  Donovan  1996, 
Gram  and  Faaborg  1997,  Brown  et  al.  2000), 
and  probably  House  Wren  and  Gray  Catbird 
(this  study).  We  suggest  that  Ruby-crowned 
Kinglets  may  show  territoriality  in  wintering 
areas.  However,  this  may  depend  on  local  re¬ 
source  availability,  weather,  and  abundance  of 
conspecifics. 

The  limited  information  available  for  spe¬ 
cies  over-wintering  in  the  southeastern  United 
States  suggests  that  annual  non-breeding  sea¬ 
son  returns  may  be  low,  except  for  species 
maintaining  group  territories  or  home  ranges, 
and  some  species  defending  individual  terri¬ 
tories.  Further  assessment  of  the  non-breeding 
biology  of  these  migrants  may  be  important 
in  understanding  the  potential  effects  of  inter¬ 
annual  variability  in  habitat  conditions  and 
habitat  degradation  on  populations.  The  de¬ 
velopment  of  appropriate  conservation  strate¬ 
gies  for  songbirds  in  North  America  may  de- 
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pend  on  adequate  understanding  of  non-breed¬ 
ing  biology. 
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ARCHITECTURAL  AND  LANDSCAPE  RISK  FACTORS 
ASSOCIATED  WITH  BIRD-GLASS  COLLISIONS  IN  AN 
URBAN  ENVIRONMENT 

DANIEL  KLEM  JR.,15  CHRISTOPHER  J.  FARMER,1 2  NICOLE  DELACRETAZ,3 
YIGAL  GELB,3’4 5  AND  PETER  G.  SAENGER1 


ABSTRACT. — We  studied  building  characteristics  and  landscape  context  to  predict  risk  of  migratory  birds 
being  killed  by  colliding  with  sheet  glass  on  Manhattan  Island,  New  York  City,  New  York,  USA.  Trained 
volunteers  monitored  73  discrete  building  facades  daily  from  the  Upper  East  Side  to  the  southern  tip  of  the 
Island  during  autumn  2006  and  spring  2007  bird  migratory  periods  using  a  consistent  and  scientifically  valid 
search  protocol.  We  recorded  475  bird  strikes  in  autumn  2006  and  74  in  spring  2007  of  which  82  and  85%, 
respectively,  were  fatal.  Most  building  and  context  variables  exerted  moderate  influence  on  risk  of  death  by 
colliding  with  glass.  We  recommend  a  suite  of  building  characteristics  that  building  designers  can  use  to  reduce 
risk  of  collisions  by  minimizing  the  proportion  of  glass  to  other  building  materials  in  new  construction.  We 
suggest  that  reduction  of  reflective  panes  may  offer  increased  protection  for  birds.  Several  context  variables  can 
reduce  risk  of  death  at  glass  by  reducing  ground  cover,  including  changes  in  height  of  vegetation,  and  eliminating 
shrubs  and  trees  from  areas  in  front  of  buildings.  We  estimated  1.3  bird  fatalities  per  ha  per  year;  this  rate 
extrapolates  to  ~34  million  annual  glass  victims  in  urban  areas  of  North  America  north  of  Mexico  during  the 
fall  and  spring  migratory  periods.  Clear  and  reflective  sheet  glass  poses  a  universal  hazard  for  birds,  specifically 
for  passage  migrants  in  New  York  City,  but  also  representative  and  comparable  to  growing  urban  areas  world¬ 
wide.  Received  21  May  2008.  Accepted  14  August  2008. 


Growing  evidence  supports  the  interpreta¬ 
tion  that,  except  for  habitat  destruction,  col¬ 
lisions  with  clear  and  reflective  sheet  glass 
cause  the  deaths  of  more  birds  than  any  other 
human-related  avian  mortality  factor  (Klem 
1989,  1990b,  2006;  Erickson  et  al.  2001; 
Manville  2005,  2008).  The  deaths  of  1  billion 
birds  annually  from  collisions  with  glass  in 
the  United  States  (U.S.)  alone  is  likely  con¬ 
servative;  the  worldwide  toll  is  expected  to  be 
in  the  billions  (Klem  1990b,  2006;  Dunn 
1993).  Comparable  estimates  of  annual  U.S. 
bird  deaths  based  on  extrapolations  from  other 
human-related  sources  include:  120  million 
from  hunting,  60  million  from  vehicular  col¬ 
lisions,  400,000  at  wind  turbines,  and  poten¬ 
tially  hundreds  of  millions  by  domesticated 
cats  (AOU  1975;  Banks  1979;  Klem  1990b, 
1991,  2006;  Coleman  et  al.  1997;  Erickson  et 
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al.  2001;  Manville  2005,  2008).  Birds  gener¬ 
ally  act  as  if  sheet  glass  and  plastic  in  the  form 
of  windows  and  noise  barriers  are  invisible  to 
them.  Lethal  casualties  result  from  head  trau¬ 
ma  after  birds  leave  a  perch  from  as  little  as 
1  m  away  in  an  attempt  to  reach  habitat  seen 
through  or  reflected  in  clear  and  tinted  panes 
(Klem  1990a,  Klem  et  al.  2004,  Veltri  and 
Klem  2005).  There  is  no  window  size,  build¬ 
ing  structure,  time  of  day,  season  of  year,  or 
set  of  weather  conditions  during  which  birds 
elude  the  lethal  hazards  of  glass  in  urban,  sub¬ 
urban,  or  rural  environments  (Klem  1989). 

We  assessed  multiple  risk  factors  associated 
with  migratory  bird  deaths  at  glass  in  an  urban 
landscape  where  increased  strike  rates  have 
been  previously  recorded  at  windows  reflect¬ 
ing  nearby  vegetation  (Gelb  and  Delacretaz 
2006).  We  identified  characteristics  of  build¬ 
ing  design  and  landscape  context  that  may  ex¬ 
plain  collision  rate  at  a  site,  and  tested  the 
hypothesis  these  variables  influence  the  risk  of 
window  strikes  by  migratory  birds.  Our  re¬ 
sults  are  highly  relevant  to  -conservationists 
and  regulatory  agencies  interested  in  identi¬ 
fying  buildings  that  pose  a  potential  lethal 
hazard  to  migrants  on  passage,  and  to  archi¬ 
tects,  landscape  planners,  and  other  building 
professionals  willing' to  incorporate  these  find- 
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ings  into  their  designs  of  human-built  struc¬ 
tures  and  environments  to  protect  birds. 

METHODS 

We  and  30  trained  volunteers  affiliated  with 
New  York  City  Audubon  collected  data  for 
this  study  by  monitoring  73  discrete  sites  (i.e., 
building  facades)  from  the  Upper  East  Side  to 
the  southern  tip  of  Manhattan  Island,  New 
York  City,  New  York,  USA.  Each  site  was 
considered  an  independent  sampling  unit.  It 
consisted  of  one  surface  of  an  entire  building 
or  a  section  of  a  building  having  a  similar 
structure,  and  intercepted  birds  flying  in  a  di¬ 
rection  different  from  those  intercepted  by 
other  facades  of  the  building.  Each  sampling 
unit  (i.e.,  facade)  possessed  a  uniform  appear¬ 
ance  to  the  human  eye  and  consisted  of  the 
same  composition  of  glass  and  non-glass 
structure,  and  associated  vegetation.  All  Up¬ 
per  East  Side  sites  (n  =  7)  were  selected  for 
study  at  the  Metropolitan  Museum  of  Art.  All 
southern  sites  (n  =  18)  were  within  the  World 
Financial  Center.  We  selected  48  sites  from 
lower  midtown  (from  20th  to  30th  streets  and 
from  the  Hudson  River  to  the  East  River)  to 
monitor  bird-glass  strikes  within  a  uniform 
urban  area.  Lower  midtown  sites  were  select¬ 
ed  to  ensure  as  uniform  distribution  as  possi¬ 
ble  of  sampling  units  and  these  included  com¬ 
binations  of  no  vegetation,  1—50%  vegetation, 
51-100%  vegetation,  no  glass,  1-50%  glass, 
and  51-100%  glass.  Tape  and  wheel  rules 
were  used  to  measure  distances  and  heights. 
Distance  of  vegetation  was  measured  from 
base  of  fagade  to  closest  branch,  leaf,  or  blade 
of  grass.  Height  of  trees  was  measured  using 
height  of  adjacent  building.  One  of  us  (ND) 
estimated  the  percentage  of  vegetation  and 
glass  by  eye  while  facing  the  middle  of  each 
site  from  the  street  curb  to  reduce  any  observ¬ 
er  related  variation  in  measurement  error. 

Each  of  nine  combinations  of  categorical 
features  was  identified  and  systematically  rep¬ 
resented  in  the  lower  midtown  area.  The  lower 
midtown  location  was  also  identified  as  char¬ 
acteristic  of  the  greater  New  York  City  urban 
area,  having  sites  with  structural  characteris¬ 
tics  that  included  residential  and  commercial 
buildings  at  heights  of  four  stories  or  less.  We 
used  the  relatively  uniform  structure  of  the 
lower  midtown  area  and  the  number  of  re¬ 
corded  mortalities  discovered  during  the  fall 


and  spring  migratory  periods  to  estimate  an¬ 
nual  glass  mortalities  per  area  of  urban  habi¬ 
tat.  All  sites  in  all  locations  were  grouped  into 
four  carcass  and  injured-bird  search  routes.  A 
strike  was  recorded  when  a  volunteer  found  a 
dead  or  injured  bird  in  front  of  a  glass  or  an 
opaque  wall  at  the  base  of  a  fagade  with  the 
search  area  extending  to  the  gutter  of  the 
street.  Added  attention  was  given  to  inspect¬ 
ing  bushes  and  planters  when  they  were  pre¬ 
sent.  This  methodology  provided  a  conserva¬ 
tive  estimate  of  strike  frequency,  as  it  did  not 
account  for  removal  of  carcasses  by  scaven¬ 
gers  and  street  sweepers,  injured  birds  that 
died  outside  the  search  area,  or  post-strike 
movements  of  survivors.  Routes  were  walked 
slowly  from  0700  to  1000  hrs,  when  previous 
monitoring  revealed  glass  collision  victims 
were  found  most  often.  Search  routes  were 
completed  within  0.5  to  2  hrs.  Dead  birds 
were  salvaged  and  donated  to  authorized  re¬ 
searchers  (with  appropriate  State  and  Federal 
scientific  collection  permits)  for  additional 
study,  and  injured  birds  were  taken  to  local 
animal  care  centers  for  treatment. 

We  monitored  each  building  fagade  daily 
for  58  days  (i.e.,  9  Sep-5  Nov)  in  autumn 
2006  and  56  days  (i.e.,  2  Apr-27  May)  in 
spring  2007  to  detect  window  strikes  resulting 
in  bird  injury  or  mortality.  We  divided  vari¬ 
ables  considered  to  be  potential  predictors  of 
strike  events  into  two  groups:  (1)  building  de¬ 
sign  and  (2)  landscape  context  (Table  1). 
Building  design  variables  consisted  of  con¬ 
struction  features.  Context  variables  charac¬ 
terized  the  area  immediately  in  front  of  a  fa¬ 
gade.  We  measured  variables  defining  each  fa¬ 
gade,  and  our  sample  size  for  the  analysis  was 
the  number  of  fagades.  We  measured  noctur¬ 
nal  light  levels  between  0200  and  0500  hrs 
using  a  Mannix  digital  light  meter,  model 
DLM-1337. 

We  used  Cox  proportional  hazards  regres¬ 
sion  (Cox  1972,  Riggs  and  Pollock  1992, 
SPSS  2006)  to  test  for  associations  between 
variables  in  each  group  and  the  probability 
that  a  fagade  would  experience  a  glass  strike. 
Cox  proportional  hazards  regression  is  appli¬ 
cable  to  any  situation  in  which  the  response 
variable  is  the  time  to  a  discrete  event.  We 
screened  variables  for  multicollinearity  prior 
to  analysis.  We  included  the  covariate  with  the 
strongest  association  with  glass  strikes  for 
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TABLE  1.  Variables  measured  at  building  facades  in  New  York  City,  New  York,  USA. 

Variable 

Variable  type 

Data  code 

Definition 

n 

Building  design 

Building  height 

Categorical 

i 

1-4  stories 

18 

2 

5-10  stories 

29 

3 

>10  stories 

26 

Glass  type 

Categorical 

1 

None 

11 

2 

Reflective 

32 

3 

Transparent 

26 

4 

Reflective  and  transparent 

4 

Glass-non-glass  ratio 

Categorical 

1 

0 

11 

2 

1-50% 

19 

3 

51-100% 

43 

Night  lighting  5 

Continuous 

variable 

Illumination  (lux)  5  m  from  fafade 

65 

Night  lighting  10 

Continuous 

variable 

Illumination  (lux)  10  m  from  fa9ade 

65 

Size 

Continuous 

variable 

Length  of  fa9ade  (m) 

73 

Vegetation  reflected  in  glass 

Categorical 

1 

None 

25 

2 

1-50% 

26 

3 

51-100% 

22 

Landscape  context 

Access 

Categorical 

1 

Public 

69 

2 

Private 

4 

Facing  area 

Categorical 

1 

Open  (>18  m) 

38 

2 

Restricted  (<18  m) 

35 

Facing  habitat 

Categorical 

1 

Vegetated  ground  cover  at  base  of 

28 

fa9ade 

2 

Non-vegetated  ground  cover  at  base 

45 

of  fa9ade 

Ground  cover  distance 

Continuous 

variable 

Distance  from  fa9ade  to  nearest 

73 

ground  cover  (m) 

Ground  cover  height 

Continuous 

variable 

Height  of  ground  cover  (m) 

73 

Location 

Categorical 

1 

Upper  east  side 

7 

2 

Lower  midtown 

48 

3 

Southern 

18 

Shrub  distance 

Continuous 

variable 

Distance  from  fa9ade  to  nearest 

73 

shrubs  (m) 

Shrub  height 

Continuous 

variable 

Height  of  shrubs  (m) 

73 

Tree  distance 

Continuous 

variable 

Distance  from  fa9ade  to  nearest 

73 

trees  (m) 

Tree  height 

Continuous 

variable 

Height  of  trees  (m) 

73 

each  pair  of  variables  with  r  <—0.5  or  >0.5 
in  further  analyses  and  eliminated  the  other 
collinear  variables.  Cases  (i.e.,  fa9ades)  in 
which  no  strike  event  occurred  during  the 
study  were  included  in  the  analysis  as  cen¬ 
sored  observations.  We  arcsine  transformed 
variables  measured  as  proportions  (%  glass,  % 
vegetation  reflected)  to  normalize  their  distri¬ 
butions  (Zar  1 999).  We  derived  separate  mod¬ 
els  for  each  group  using  forward  and  back¬ 
ward  stepping  algorithms  based  on  likelihood 
ratios  (SPSS  2006).  We  used  Akaike’s  Infor¬ 
mation  Criterion  (AIC),  corrected  for  small 
sample  sizes  (AICc)  to  select  final  models,  and 


model  averaging  with  re-scaled  parameter  es¬ 
timates  to  derive  risk  ratios  in  cases  where  >1 
model  had  a  AAIQ  <2.0  (Burnham  and  An¬ 
derson  2002). 

We  retained  variables  in  proportional  haz¬ 
ards  models  that  had  P  values  for  their  coef¬ 
ficients  <0.15  and  calculated  risk  ratios  for 
those  variables.  We  accepted  a  15%  level  of 
significance  because  we  believed  it  was  suf¬ 
ficient  to  indicate  the  importance  of  variables 
in  affecting  the  probability  of  glass  strikes 
(Johnson  1999).  Risk  ratios  estimate  change 
in  the  relative  risk  of  an  event  for  an  incre¬ 
mental  change  in  the  magnitude  of  a  predictor 
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variable  (Riggs  and  Pollock  1992).  The  risk 
ratio  for  a  given  variable  represents  the  inde¬ 
pendent  contribution  to  risk  of  an  event  made 
by  a  covariate,  regardless  of  the  dimensions 
of  the  variable.  Risk  ratios  are  useful  for  es¬ 
timating  the  contribution  to  risk  of  continuous 
and  categorical  variables,  and  we  included 
both  types  of  variable  in  our  analysis.  We 
measured  continuous  variables  on  differing 
scales  (i.e.,  some  were  proportions  whereas 
others  were  linear  measures  in  meters),  and 
standardized  risk  ratios  for  these  variables  for 
a  10%  change  in  magnitude  to  allow  direct 
comparisons  among  variables.  We  considered 
a  variable  to  be  a  significant  predictor  of  win¬ 
dow  strikes  if  the  90%  confidence  interval  for 
the  risk  ratio  did  not  include  1.0.  Risk  ratios 
<0.5  or  >2.0  generally  indicate  large  effects 
of  covariates  on  risk  of  an  event. 

Risk  ratios  represent  the  independent  con¬ 
tribution  of  each  covariate  to  risk  of  an  event, 
and  we  used  relative  influence  (RI)  values 
(i.e.,  sum  of  log-transformed  risk  ratios)  to 
compare  the  influence  of  the  groups  of  vari¬ 
ables  on  risk  (Farmer  et  al.  2006).  We  calcu¬ 
lated  an  RI  for  model  averaged  estimates  of 
effect  size  to  minimize  the  influence  of  co¬ 
variates  occurring  only  in  a  single  model  for 
a  given  variable  group. 

RESULTS 

We  recorded  475  and  74  glass  strikes  in  au¬ 
tumn  2006  and  spring  2007,  respectively.  Of 
these,  390  (82%)  in  autumn  and  62  (85%)  in 
spring  were  fatal.  The  number  of  strikes  re¬ 
corded  at  sites  with  no  glass  was  7  (1.5%)  in 
autumn  and  2  (2.7%)  in  spring.  There  were  50 
and  25  known  species  casualties  in  autumn 
2006  and  spring  2007,  respectively.  The  10 
species  recorded  most  often  as  strike  victims 
(in  decreasing  frequency)  were:  Dark-eyed 
Junco  ( Junco  hyemalis),  White-throated  Spar¬ 
row  ( Zonotrichia  albicollis).  Ruby-crowned 
Kinglet  ( Regulus  calendula ),  Golden-crowned 
Kinglet  ( R .  satrapa),  Hermit  Thrush  ( Catha - 
ms  guttatus ),  Common  Yellowthroat  ( Geoth - 
lypis  trichas).  Northern  Parula  ( Parula  amer- 
icana ),  Blackpoll  Warbler  ( Dendroica  striata), 
Ovenbird  ( Seiurus  aurocapilla),  and  Swain- 
son’s  Thrush  ( Catharus  ustulatus )  for  autumn 
2006,  and  Ovenbird,  Black-and-white  Warbler 
( Mniotilta  varia ),  Rock  Pigeon  ( Columba  liv- 
ia).  Common  Yellowthroat,  Northern  Water- 


thrush  ( Seiurus  noveboracensis),  Canada  War¬ 
bler  ( Wilsonia  canadensis ),  White-throated 
Sparrow,  Ruby-crowned  Kinglet,  Gray  Cat¬ 
bird  (Dumetella  carolinensis),  and  Blackbur¬ 
nian  Warbler  (Dendroica  fused)  for  spring 
2007. 

Window  strikes  occurred  at  41  of  73  (56%) 
facades  in  autumn  2006  and  20  of  73  (27%) 
facades  in  spring  2007.  Mean  time  to  a  win¬ 
dow  strike  from  the  beginning  of  the  study 
was  37.4  days  (SE  =  2.6)  overall,  and  21.4 
days  (SE  =  2.6)  within  the  subset  of  fagades 
at  which  strikes  occurred  in  autumn  2006. 
Mean  time  to  a  window  strike  was  52.0  days 
(SE  =  2.1)  overall,  and  28.3  days  (SE  =  4.1) 
within  the  subset  of  fagades  at  which  strikes 
occurred  in  spring  2007.  Overall,  context  var¬ 
iables  (RI  =  2.6  autumn,  4.8  spring)  exerted 
a  slightly  stronger  influence  on  risk  of  window 
strikes  than  building  variables  (RI  =1.9  au¬ 
tumn,  0.4  spring). 

Building  Variables. — Five  building  vari¬ 
ables  were  included  in  proportional  hazards 
models  after  screening  for  multicollinearity 
and  eliminating  variables  with  no  significant 
association  with  the  risk  of  glass  strikes.  Mod¬ 
el  selection  using  A  IC,  suggested  that  two  au¬ 
tumn  models  (i.e.,  facade  size,  %  glass,  and 
glass  type  vs.  glass  type  and  %  glass)  were 
nearly  equally  likely  given  the  data  (Table  2). 
Significant  model  averaged  estimates  of  effect 
size  were  found  for  the  proportion  of  the  fa¬ 
gade  that  was  window  glass  (i.e.,  %  glass) 
with  a  10%  increase  in  this  variable  causing 
a  19%  increase  in  risk  (Table  3).  The  autumn 
model  averaged  risk  ratio  for  reflective  glass 
type  was  large  (219%  increase  in  risk),  but  not 
significant.  The  90%  confidence  interval  for 
reflective  glass  type  nearly  excluded  1.0,  in¬ 
dicating  there  was  an  increase  in  risk,  but  our 
parameter  estimate  was  imprecise. 

Three  models  had  AAICc  <2.0  (Table  2), 
and  were  used  in  the  calculation  of  model  av¬ 
eraged  parameter  estimates  for  spring.  The 
proportion  of  the  fagade  that  was  window 
glass  (%  glass)  was  a  significant  predictor  of 
risk  with  a  10%  increase  in  this  variable  caus¬ 
ing  a  32%  increase  in  risk  of  a  window  strike 
(Table  3).  Fagade  size  and  night  lighting  each 
appeared  to  exert  weak  influences  on  risk.  No 
building  variables  were  found  that  signifi¬ 
cantly  reduced  the  risk  of  window  strikes. 

Context  Variables. — Eight  context  variables 
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TABLE  2.  Model  selection  for  building  variables, 
on  AICc  values. 

Models  indicated  by  bold  type  are 

equally  likely  based 

Model 

AICc 

A  AICt 

:  W 

X2 

Model  P 

Autumn 

FS-,  GP»,  GTC,  NLd 

307.16 

2.71 

0.132 

26.46 

0.000 

FS,  GP,  GT 

305.16 

0.71 

0.358 

26.43 

0.000 

GP,  GT 

304.45 

0 

0.510 

24.68 

0.000 

Spring 

GP,  GT,  NL.  FS 

162.73 

3.78 

0.068 

12.28 

0.056 

GP,  GT,  FS 

160.90 

1.96 

0.169 

11.22 

0.011 

GP,  FS 

159.68 

0.73 

0.313 

10.42 

0.005 

GP 

158.95 

0 

0.450 

9.37 

0.002 

a  Fa5ade  size. 

b  Percent  glass. 
c  Glass  type. 
d  Night  lighting  5. 


were  included  in  proportional  hazards  models 
(Table  4).  Model  selection  using  AICc  sug¬ 
gested  two  autumn  models  (i.e.,  facing  area, 
distance  to  ground  cover,  ground  cover  height, 
location,  and  tree  height  vs.  facing  area, 
ground  cover  height,  location,  and  tree  height) 
were  likely  given  the  data  (Table  4).  Model 
averaged  estimates  of  effect  size  from  the  two 
models  indicated  that  facing  area,  height  of 
ground  cover,  and  tree  height  significantly  in¬ 
fluenced  risk  of  window  strikes.  Restricted 
facing  areas  (e.g.,  a  short  distance  to  the  near¬ 
est  building  in  front  of  a  fa9ade)  reduced  risk 
of  window  strikes  69%,  whereas  10%  increas¬ 
es  in  the  height  of  ground  cover  and  tree 
height  increased  risk  of  a  strike  by  13  and 
30%,  respectively  (Table  5).  Location  and  dis¬ 


tance  to  ground  cover  exerted  non-significant 
influences  on  risk  of  a  glass  strike. 

Two  models  had  AAIQ  <2.0  for  spring 
(Table  4)  and  were  used  in  calculation  of  mod¬ 
el  averaged  parameter  estimates.  Restricted 
facing  areas  strongly  (549%)  increased  risk  of 
spring  window  strikes  and  a  10%  increase  in 
tree  height  moderately  (22%)  increased  risk. 
Distance  from  facades  to  tree  cover  and  height 
of  ground  cover  affected  the  risk  of  window 
strikes  non-significantly  (Table  5). 

We  recorded  284  lethal  strikes  (1.1  fatali¬ 
ties/ha)  within  the  266-ha  generalized  urban 
lower  midtown  sampling  location  during  au¬ 
tumn  2006.  We  recorded  47  lethal  strikes  (0.2 
fatalities/ha)  for  the  same  area  during  spring 
2007.  We  estimated  1.3  fatalities/ha  of  urban 


TABLE  3.  Model  averaged  estimates  of  effect  size 
building  variables. 

derived  from  Cox  proportional  hazards  regression  on 

Covariate 

3“ 

SE 

RRb 

90%  Cl 

Predictor  of  risk 

Autumn 

Facade  size 

0.003 

0.004 

1.08 

0.92-1.26 

NS' 

Glass  percent 

0.019 

0.009 

1.19 

1.04-1.36 

Significant 

Glass  type  (none) 

-0.160 

0.662 

0.85 

0.29-2.53 

NS  ' 

Glass  type  (reflective) 

1.160 

0.738 

3.19 

0.95-10.74 

NS 

Glass  type  (transparent) 

0.322 

0.783 

1.38 

0.38-5.00 

NS 

Spring 

Fafade  size 

0.004 

0.052 

1.11 

0.13-7.76 

NS 

Glass  percent 

0.030 

0.007 

1.32 

1.19-1.44 

Significant 

Night  lighting  5 

0.002 

0.019 

1.04 

0.45-2.25 

NS  . 

“  Regression  coefficients  indicate  strength  and  direction  of  relations  between  hazard  functions  and  covariates.  All  regression  coefhcients  retained  in  the 


“N^n-signMf™fatiak=ao°iO<RR)  ^  ^  intervals  <CI>  of  the  continuous  covariates  (fa9ade  size,  percent  glass)  for  a  10%  increase. 
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TABLE  4.  Model  selection  for  context  variables.  Models  indicated  by  bold  type 
AIG„  values. 

are  equally  likely  based  on 

Model 

AICc 

A  AICc 

W 

X2 

Model  P 

Autumn 

FA",  GDb,  GH  .  LOd,  SIX  SHf,  TIX  THh 

298.03 

9.26 

0.006 

43.770 

0.000 

FA,  GD,  GH,  LO,  SD.  TD,  TH 

295.53 

6.75 

0.022 

43.732 

0.000 

FA,  GD,  GH.  LO.  TD,  TH 

293.08 

4.31 

0.076 

43.172 

0.000 

FA,  GD,  GH,  LO,  TH 

290.75 

1.98 

0.243 

43.096 

0.000 

FA,  GH,  LO,  TH 

288.77 

0 

0.653 

43.070 

0.000 

Spring 

FA,  GD,  GH,  LO,  SD,  SH,  TD,  TH 

159.53 

9.79 

0.004 

27.80 

0.001 

FA.  GD,  GH,  SD,  SH,  TD,  TH 

157.28 

7.54 

0.011 

27.23 

0.000 

FA.  GD,  GH,  SD.  TD.  TH 

154.87 

5.13 

0.038 

27.21 

0.000 

FA,  GD,  GH,  TD,  TH 

152.52 

2.78 

0.121 

26.15 

0.000 

FA,  GH,  TD,  TH 

150.47 

0.73 

0.338 

25.05 

0.000 

FA,  TD,  TH 

149.74 

0 

0.488 

23.56 

0.000 

3  Facing  area. 
b  Ground  cover  distance. 
c  Ground  cover  height. 
d  Location. 
e  Shrub  distance. 
f  Shrub  height. 

8  Tree  distance. 
h  Tree  height. 


area  annually  after  combining  these  measures 
of  attrition  for  autumn  and  spring. 

DISCUSSION 

Most  building  and  context  variables  exerted 
moderate  influences  on  risk  of  glass  strikes. 
The  proportion  of  windows  reflecting  vegeta¬ 
tion  (i.e.,  %  vegetation)  was  measured  in  the 
field,  but  we  did  not  include  it  in  the  propor¬ 


tional  hazards  regressions,  because  it  inte¬ 
grates  building  (i.e.,  %  glass  and  glass  type) 
and  context  (i.e.,  facing  area,  type,  distance, 
and  height  of  vegetation)  variables,  which 
made  it  difficult  to  interpret.  It  proved  to  be  a 
significant  predictor  of  glass  strikes  (RR10  = 
1.26,  90%  Cl  =  1.14-1.39)  when  we  included 
percent  of  reflected  vegetation  in  an  explor¬ 
atory  model.  We  interpret  these  findings  as  an 


TABLE  5.  Model  averaged  estimates  of  effect 
context  variables. 

size  derived  from  Cox  proportional  hazards  regression  on 

Covariate 

P" 

SE 

RRb 

90%  Cl 

Predictor  of  risk 

Autumn 

Facing  area 

-1.177 

0.493 

0.31 

0.14-0.69 

Significant 

Ground  cover  distance 

0.005 

0.025 

1.02 

0.89-1.14 

NS" 

Ground  cover  height 

2.433 

1.352 

1.13 

1.01-1.26 

Significant 

Location  (lower  midtown) 

-0.698 

0.587 

0.50 

0.19-1.30 

NS 

Location  (southern  Manhattan) 

0.339 

0.611 

1.40 

0.51-3.83 

NS 

Tree  height 

0.097 

0.030 

1.30 

1.14-1.48 

Significant 

Spring 

Facing  area 

1.857 

0.650 

6.49 

2.23-18.89 

Significant 

Ground  cover  height 

1.979 

1.464 

1.10 

0.98-1.25 

NS 

Tree  distance 

-0.055  ' 

0.036 

0.70 

0.48-1.03 

NS 

Tree  height 

0.076 

0.028 

1.22 

1.08-1.39 

Significant 

3  Regression  coefficients  indicate  strength  and  direction  of  relations  between  hazard  functions  and  covariates.  All  regression  coefficients  retained  in  the 
model  are  reported. 

b  We  standardized  risk  ratios  (RR)  and  90%  confidence  intervals  (Cl)  of  the  continuous  covariates  (ground  cover  distance,  ground  cover  height,  tree 


height)  for  a  10%  increase. 
c  Non-significant  at  a  =  0.10. 
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indication  that  building  designers  can  reduce 
the  risk  of  bird— glass  strikes  by  reducing  the 
proportion  of  glass  to  other  building  materials 
in  any  new  construction.  The  type  of  glass 
affected  the  autumn  model  significantly,  al¬ 
though  no  individual  category  of  glass  had  a 
significant  effect.  The  high-magnitude  risk  ra¬ 
tios  for  reflective  glass  suggest  this  type  of 
glass  strongly  increases  risk  of  strikes.  How¬ 
ever,  confidence  intervals  with  1.0  near  the 
lower  confidence  limits  coupled  with  the  large 
risk  ratios  are  an  indication  the  analysis  lacked 
power  to  accurately  estimate  effect  size  for 
this  variable. 

Context  variables  had  a  slightly  stronger, 
relative  influence  than  building  variables,  and 
the  analysis  indicates  that  several  context  var¬ 
iables  under  the  control  of  builders  can  be  ma¬ 
nipulated  to  reduce  the  risk  of  glass  strikes. 
We  found  that  increasing  the  height  of  ground 
cover  and  tree  cover  adjacent  to  new  and  ex¬ 
isting  buildings  increases  the  risk  of  strikes  by 
13  and  30%,  respectively,  for  each  10%  in¬ 
crease  in  height.  Our  risk  ratios  are  scaled  for 
any  10%  change  in  a  covariate  indicating  that 
10%  reductions  of  the  heights  of  these  types 
of  cover  will  reduce  the  risk  of  strikes  by  the 
same  amount.  This  supports  a  previous  study 
documenting  increased  strikes  at  glass  with 
reflected  vegetation  (Gelb  and  Delacretaz 
2006).  Eliminating  vegetative  ground  cover 
from  areas  adjacent  to  buildings  may  also  re¬ 
duce  risk,  although  the  effect  was  non-signif¬ 
icant  in  our  analysis.  Large  reductions  in  risk 
(69%)  in  autumn  can  be  achieved  by  restrict¬ 
ing  the  area  in  front  of  facades,  primarily  by 
placing  buildings  close  together.  However,  the 
large  (549%)  increase  in  risk  associated  with 
this  context  variable  in  spring  contradicts  this 
finding.  This  also  suggests  that  migrating 
birds  may  behave  differently  in  Manhattan  in 
spring  versus  autumn,  which  would  compli¬ 
cate  efforts  to  manage  strike  risk  using  this 
context  variable.  Previous  studies  suggest  that 
spacing  between  buildings  may  be  of  limited 
value  since  a  lethal  collision  can  occur  when 
a  bird  strikes  a  glass  surface  after  leaving  a 
perch  from  as  little  as  1  m  distant  (Klem 
1990b,  Klem  et  al.  2004,  Veltri  and  Klem 
2005).  The  non-significant  effect  of  location 
(indicating  that  lower  midtown  locations 
strongly  reduced  risk)  in  autumn  regressions 
suggests  that  having  tall  buildings  in  the  sur¬ 


rounding  area  increases  risk  of  window 
strikes,  presumably  by  restricting  the  avail¬ 
ability  of  flight  paths  for  birds. 

Quantitative  analyses  of  both  building  and 
context  variables  associated  with  the  glass 
hazard  for  birds  provide  further  support  for 
recently  published  suggestions  informing  ar¬ 
chitects  and  other  building  industry  profes¬ 
sionals  about  how  to  mitigate  or  eliminate  avi¬ 
an  mortality  at  glass  (Brown  and  Caputo 
2007,  City  of  Toronto  Green  Development 
Standard  2007).  Our  results  confirm  that  sheet 
glass  consisting  of  small  windows  to  entire 
walls  of  buildings  is  a  lethal  hazard  for  birds. 
Searching  for  and  monitoring  potential  haz¬ 
ardous  sites  will  identify  problem  urban  areas. 
Minimizing  the  use  of  large  expanses  of  glass 
and  nearby  vegetation  in  the  vicinity  of  clear 
and  reflective  panes  will  mitigate  bird-glass 
collisions,  and  prevent  injury  and  death  to 
birds  on  passage  during  migratory  periods.  In 
this  context,  it  is  important  to  note  that  even 
variables  that  entered  models  non-significant- 
ly  (i.e.,  confidence  interval  overlapping  1.0) 
exert  some  influence  on  risk  of  strikes,  either 
directly  or  by  conditioning  the  effect  of  sig¬ 
nificant  predictors.  Design  changes  by  a  build¬ 
er  on  any  or  all  of  the  variables  identified  (Ta¬ 
bles  3,  5)  will  affect  the  risk  of  strikes;  how¬ 
ever,  the  strongest  effect  will  be  realized  by 
altering  the  significant  predictors. 

Our  systematic  sampling  of  lower  midtown 
provided  an  opportunity  to  estimate  annual 
avian  mortality  at  glass  in  a  relatively  uniform 
urban  environment,  typical  of  urban  areas 
without  skyscrapers,  including  single-story  or 
two-story  residences.  The  species  recorded  as 
collision  casualties  in  the  lower  midtown 
study  area  are  representative  of  the  same  or 
similar  species  on  passage  over  a  broad  front, 
and  expected  to  occur  in  similar  urban  envi¬ 
ronments  throughout  the  continent  (Lincoln 
and  Peterson  1935,  Able  1999).  Using  this 
sample  and  urban  area  data  from  Statistics 
Canada  (2001)  and  U.S.  Bureau  of  Census 
(2002),  the  annual  bird  kill  at  glass  during  mi¬ 
gratory  periods  alone  in  the  urban  environ¬ 
ment  is  estimated  to  be  5,676  for  Manhattan, 
3,163,633  for  Canada,  31,159,228  for  the 
United  States,  and  34,322,861  for  North 
America  north  of  Mexico.  These  estimates  are 
likely  conservative  since  they  exclude  build¬ 
ings  above  four  stories  where  large  annual 
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kills  are  known  to  occur  at  skyscrapers  in  ur¬ 
ban  centers  similar  to  those  in  Chicago,  De¬ 
troit,  Minneapolis,  New  York,  Toronto,  and 
elsewhere  (Klem  2006).  The  annual  urban 
toll,  at  least  for  the  U.S.,  seems  reasonable 
given  previous  estimates  of  annual  U.S.  avian 
mortality  at  glass  that  ranges  from  100  million 
to  1  billion,  where  most  fatalities  are  thought 
to  occur  during  the  non-breeding  season  when 
large  numbers  of  resident  birds  are  attracted 
to  feeders  near  windows  (Klem  1990b,  Klem 
2006). 

Of  conservation  interest  were  species  on  the 
U.S.  Department  of  Interior  (2002)  list  of  Spe¬ 
cies  of  Management  Concern  or  the  National 
Audubon  Society  (2007)  WatchList  recorded 
as  glass  casualties:  American  Woodcock 
(Scolopax  minor).  Yellow-bellied  Sapsucker 
(Sphyrapicus  varius).  Wood  Thrush  ( Hylo - 
cichla  mustelina).  Chestnut-sided  Warbler 
(Dendroica  pensylvanica),  Canada  Warbler, 
and  Baltimore  Oriole  ( Icterus  galbula).  The 
hazard  that  clear  and  reflective  sheet  glass 
poses  to  birds  is  expected  to  increase  as  cur¬ 
rent  urban  areas  increase,  and  human  struc¬ 
tures  elsewhere  are  constructed  in  avian 
breeding  and  non-breeding  areas  and  across 
migratory  routes  worldwide. 
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ASSOCIATION  OF  NORTHERN  BOBWHITES  WITH  SURFACE 
WATER  IN  THE  SEMI-ARID  TEXAS  PANHANDLE 
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ABSTRACT. — We  assessed  association  of  Northern  Bobwhites  ( Colinus  virginianus )  with  surface  water  (nat¬ 
ural  and  artificial)  in  the  semi-arid  Texas  Panhandle  during  May-September  2001-2003.  The  difference  between 
mean  Euclidean  distances  of  nest  locations  (n  =  33)  and  random  points  to  nearest  surface  water  was  -107.8  m 
(SE  =  17.4,  95%  CL  =  -142.7  to  -72.9)  indicating  that  nest  locations  were  closer  to  water  than  expected  by 
chance.  Non-nesting  birds  appeared  to  associate  with  surface  water  during  summer  (May-Aug)  based  on  dif¬ 
ferences  between  location  distances  of  83  bobwhites  (1,408  locations)  and  random-point  distances  to  nearest 
surface  water  (x  ±  SE  =  -62.4  ±  17.0  m,  95%  CL  =  -96.4  to  -28.4).  Our  results  provide  evidence  that 
bobwhites  may  associate  with  surface  water  in  the  semi-arid  Texas  Panhandle.  Received  22  February  2008. 
Accepted  16  August  2008. 


The  necessity  of  surface  water  to  Northern 
Bobwhite  ( Colinus  virginianus )  survival  and 
reproduction,  especially  in  arid  and  semi-arid 
regions,  is  poorly  understood.  Grinnell  (1927) 
believed  that  quail  in  the  southwestern  United 
States  selected  nest  sites  within  walking  dis¬ 
tance  to  water;  if  they  did  not,  the  brood 
would  not  survive.  Vorhies  (1928:449)  re¬ 
marked,  “there  does  not  appear  .  .  .  any  rea¬ 
son  to  believe  that  nests  are  congregated  about 
water  supplies.”  Lehmann  (1953)  speculated 
that  incubating  hen  bobwhites  dipped  their 
breasts  in  water  to  increase  humidity  at  nest 
sites  when  they  returned.  Science  has  yet  to 
confirm  that  belly-dipping  behaviors  serve 
primarily  to  reduce  high  egg  temperatures, 
and  one  study  suggested  the  function  of  belly¬ 
dipping  was  to  reduce  high  body  temperatures 
of  incubating  birds  (Kentish  Plovers  [ Char - 
adrius  alexandrinus]',  Amat  and  Masero 
2007).  The  controversy  over  surface-water 
availability  and  bobwhite  ecology  persists, 
and  the  debate  is  centered  around  decades-old 
anecdotal  evidence  rather  than  scientific  evi¬ 
dence. 
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Northern  Bobwhites  have  been  observed 
drinking  water  when  available  (Prasad  and 
Guthery  1986),  and  have  reportedly  congre¬ 
gated  in  large  numbers  at  a  water  source  (468 
bobwhites  in  2  hrs  at  a  single  water  hole;  Leh¬ 
mann  1984:87).  Free-standing  water  may  not 
be  necessary,  however,  for  bobwhite  popula¬ 
tions  to  persist  (Stoddard  1931:500—503, 
Guthery  2000:40-44).  The  importance  of  sur¬ 
face  water  to  bobwhites  may  depend  on  low 
availability  of  preformed  water  (Hernandez  et 
al.  2007)  during  relatively  high  environmental 
temperatures  (Prasad  and  Guthery  1986). 
However,  preformed  water  may  not  be  limit¬ 
ing  even  during  periods  of  drought  (Guthery 
and  Koerth  1992),  and  bobwhites  also  obtain 
water  through  metabolic  processes  (Guthery 
2002).  Scientific  evidence  would  seem  to 
quell  the  debate  about  the  physiological  needs 
of  bobwhites,  but  behavioral  responses  to  wa¬ 
ter  availability,  perhaps  unrelated  to  physiol¬ 
ogy,  may  exist. 

The  spatial  distribution  of  forage  and  pred¬ 
ators  within  an  animal’s  environment  can  in¬ 
fluence  the  animal’s  spatial  distribution  (Ste¬ 
phens  and  Krebs  1986:161-168);  sites  of  re¬ 
source  supplementation  have  often  influenced 
movements  of  wildlife  species,  such  as  bob- 
whites  congregating  near  supplemental  feed¬ 
ers  during  winter  (Guthery  et  al.  2004).  This 
behavioral  response  may  be  described  as  a 
site-association  effect  and  can  have  important 
ecological  implications,  including  changes  in 
resource  use  and  availability,  and  potential 
changes  in  cause-specific  mortality  rates 
through  species  distributional  changes  (e.g., 
higher  hunter  or  predator  effort  near  resource 
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supplementation  sites).  However,  research 
generally  has  failed  to  provide  evidence  that 
supplemental  water  increases  quail  abundance 
or  survival  (Rosene  1 969,  Guthery  and  Koerth 
1992,  Rollins  2007).  Whether  water  supple¬ 
mentation  (i.e.,  increased  surface-water  avail¬ 
ability)  has  any  behavioral  effect  on  bob- 
whites  during  summer  in  arid  or  semi-arid  re¬ 
gions  is  largely  unknown. 

Our  objective  was  to  examine  whether 
Northern  Bobwhites  expressed  site-associa¬ 
tion  behavior  to  surface  water,  including  water 
supplementation  sites,  in  the  semi-arid  Texas 
Panhandle.  We  describe  the  relationship  be¬ 
tween  bobwhite  nest  locations  and  surface  wa¬ 
ter  during  the  nesting  season  (May-Sep),  and 
the  relationship  between  movements  of  non¬ 
nesting  bobwhites  and  surface  water  during 
summer  (May-Aug). 

METHODS 

Study  Area. — This  study  was  conducted  on 
the  Tallahone  Pasture  (802  ha)  of  the  Mesa 
Vista  Ranch  (1 1,330  ha)  in  the  Texas  Panhan¬ 
dle  from  May  2001  to  July  2003.  The  ranch, 
27  km  north  of  Pampa,  Texas  in  Roberts 
County,  had  a  200-day  growing  season  and 
received  an  average  of  52.6  cm  of  precipita¬ 
tion  annually  (Odintz  1996).  The  climate  is 
classified  as  steppe:  winters  are  dry  with  me- 
sothermal  winters  the  norm  and  an  occasional 
microthermal  winter  (Jordan  et  al.  1984:  fig¬ 
ure  2.19).  Average  maximum  and  minimum 
daily  temperatures  were  34°  C  in  July  and 

—  7°  C  in  January  (Odintz  1996).  Mean 
monthly  temperatures  and  precipitation  aver¬ 
aged  over  June-August  2001  were  +2°  C  and 

—  3.6  cm  than  long-term  trends;  temperature 
and  precipitation  for  June-August  2002-2003 
were  <1°  C  and  <1.5  cm  different  than  long¬ 
term  weather  trends  (conditions  in  Borger  and 
Pampa,  TX;  Southern  Regional  Climate  Cen¬ 
ter,  Baton  Rouge,  LA,  USA). 

The  Tallahone  Pasture  generally  occurred 
on  north-facing  slopes  into  the  Canadian  Riv¬ 
er.  We  defined  9  cover  types  on  the  study  area 
based  on  soils,  landscape  physiognomy,  and 
vegetation  composition  (Guthery  et  al.  2005). 
Cover  included  riparian  (2.3%  of  total  study 
area),  grass  bottomland  (primarily  switchgrass 
[Panicum  virgatum ]  near  Tallahone  Creek; 
10.2%),  saltcedar  ( Tamarix  gallica;  i.e.,  grass 
bottomland  with  moderate  canopy  coverage  of 


saltcedar;  5.5%),  grass  upland  (little  bluestem 
[Schizachyrium  scoparium\,  big  bluestem  [An- 
dropogon  gerardii ],  other  grasses  and  forbs; 
17.6%),  sand  sagebrush  {Artemisia  filifolia ; 
36.9%),  mixed  shrub  (i.e.,  sand  plum  [Prunus 
angustifolia ],  fragrant  sumac  [ Rhus  aromati- 
ca]\  17.4%),  woodland  (primarily  hackberry 
[Celtis  spp.];  2.1%),  shallow  hill  (sparsely 
vegetated  rocky  soils;  6.6%),  and  other  (roads, 
surface  water;  1.4%). 

The  study  area  contained  artificial  and  nat¬ 
ural  water  sources.  Relatively  small  artificial 
water  sources  consisted  of  a  series  of  under¬ 
ground  pipelines  from  a  well  to  create  per¬ 
manent  sources  of  surface  water.  Valves  with¬ 
in  the  pipeline  system  released  water  to  create 
a  pool,  the  size  of  which  was  partly  affected 
by-  water  flow  and  edaphic  characteristics. 
Construction  of  artificial  water  systems  on  the 
ranch  began  about  1987.  The  study  area  also 
had  a  natural  creek  (Tallahone  Creek)  and 
dugouts  that  filled  with  groundwater.  All  wa¬ 
ter  sources  (47  identified  using  a  Geographic 
Information  System)  totaled  about  10.9  ha  (x 
±  SE  =  0.23  ±  0.2  ha).  Excluding  a  relatively 
large  pond  (9.0  ha),  the  mean  surface  area  of 
water  was  0.04  ±  0.01  ha.  Cattle  ( Bos  taurus) 
were  present  on  the  study  area  at  a  relatively 
low  seasonal  stocking  rate  during  2001-2002 
after  which  time  they  were  removed. 

Capturing  Bobwhites. — We  captured  bob- 
whites  using  walk-in  live  traps  (Stoddard 
1931:442-445)  during  fall  and  winter  2000- 
2003.  We  baited  traps  with  a  milo-corn  mix¬ 
ture  and  checked  them  twice/da'y  (once  at 
mid-morning  and  once  just  before  dusk)  to 
minimize  stress  and  injury  to  birds.  All  bob- 
whites  weighing  >150  g  were  leg-banded  and 
fitted  with  a  radio  transmitter  weighing  6-7  g 
(American  Wildlife  Enterprises,  Monticello, 
FL,  USA).  We  used  night-lighting  (Labisky 
1968)  as  an  auxiliary  method  of  capture.  The 
Oklahoma  State  University  Institutional  Ani¬ 
mal  Care  and  Use  Committee  approved  our 
capture  and  handling  procedures. 

Statistical  Analyses. — We  performed  spatial 
analyses  using  ArcView  GIS  v3.2  software 
(ESRI,  Redlands,  CA,  USA)  and  Animal 
Movement  extension,  and  statistical  analyses 
using  SYSTAT  vl  1  (Systat  Software  Inc.,  San 
Jose,  CA,  USA)  and  ProStat  v4.02  (Poly  Soft¬ 
ware  International  Inc.,  Pearl  River,  NY, 
USA).  We  used  95%  confidence  limits  (CLs; 
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LCL  =  lower,  UCL  =  upper)  to  make  com¬ 
parisons  between  means.  The  use  of  confi¬ 
dence  limits  is  advantageous  in  that  an  esti¬ 
mate  of  effect  size  and  a  measure  of  uncer¬ 
tainty  are  provided  (Johnson  1999).  We  as¬ 
sumed  that  bobwhites  did  not  preferentially 
select  between  artificial  and  natural  water 
sources,  and  considered  each  water  source 
equally  available  to  bobwhites  throughout  our 
analyses. 

Nest  Locations. — We  used  homing  (White 
and  Garrott  1990)  to  locate  male  and  female 
radio-marked  bobwhites  believed  to  be  incu¬ 
bating  nests  during  May-September  2001- 
2002  (Smith  2003).  Once  an  individual  was 
consistently  in  the  same  location  for  several 
days,  we  assumed  it  was  incubating  and  in¬ 
creased  our  monitoring  efforts.  We  searched 
for  nests  when  incubating  birds  had  tempo¬ 
rarily  left  nest  sites  to  minimize  disturbance 
of  birds  and  recorded  nest  locations  using  a 
hand-held  GPS  (Global  Positioning  System) 
unit  (Garmin  International  Inc.,  Olathe,  KS, 
USA).  We  also  assessed  nests  as  successful 
(al  egg  hatched)  or  unsuccessful  (no  eggs 
hatched,  nest  was  depredated  or  abandoned; 
Smith  2003)  to  learn  if  nest  success  was  re¬ 
lated  to  proximity  to  surface  water. 

Movements. — We  located  radio-marked 
birds  2-8  times/week  using  triangulation 
(White  and  Garrott  1990)  from  <50  m  or  by 
homing  during  the  non-covey  seasons  (May- 
Aug  2001-2002,  May-Jul  2003).  We  calcu¬ 
lated  locations  of  point  estimates  (homing) 
and  origins  of  azimuths  (triangulation)  with  a 
hand-held  GPS  unit  accurate  to  <15' m.  We 
estimated  azimuths  for  triangulations  with  a 
hand-held  mirror-sighting  compass.  Our  field 
tests  indicated  that  estimated  azimuths  from 
telemetry  deviated  from  true  azimuths  by  an 
average  of  0.2°  (SD  =  4.8;  Hiller  et  al.  2007), 
providing  evidence  that  our  location  estimates 
were  of  acceptable  accuracy.  Our  cover-type 
data  were  limited  to  Tallahone  Pasture  and  we 
excluded  any  location  estimates  outside  of  the 
pasture  for  analysis.  We  constructed  frequency 
histograms  describing  distances  of  location  es¬ 
timates  and  random  points  to  nearest  surface 
water. 

We  treated  location  estimates  as  subsamples 
and  calculated  the  mean  distance  to  water  for 
each  individual.  We  used  these  means  to  cal¬ 
culate  statistics  (e.g.,  x  ±  SE)  describing  the 


distance  to  water  for  all  radio-marked  birds 
(i.e.,  we  treated  individuals  as  the  sample 
units).  Treating  individuals  rather  than  indi¬ 
vidual  locations  as  the  sample  or  experimental 
units  avoids  pseudoreplication  and  decreases 
the  likelihood  of  committing  type  I  errors 
(Hurlbert  1984,  Garton  et  al.  2001). 

Random  Points. — We  compared  Euclidean 
distances  of  used  points  (nest  locations,  indi¬ 
vidual  locations)  to  surface  water  with  dis¬ 
tances  of  1,000  randomly  generated  points  to 
surface  water  using  95%  CLs.  We  constrained 
random-point  generation  within  cover  types 
relevant  to  bobwhite  behavior  to  avoid  a  po¬ 
tential  confounding  effect  of  location  of  sur¬ 
face  water  and  cover  types  selected  by  bob- 
whites.  We  generated  random  points  for  com¬ 
parison  to  nest  locations  only  within  cover 
types  selected  for  nest  sites  (grass  bottomland, 
grass  upland,  mixed  shrub,  saltcedar,  sand 
sagebrush;  Guthery  et  al.  2005).  Random 
points  for  comparison  to  movements  of  non¬ 
nesting  bobwhites  were  constrained  within 
mixed-shrub  and  saltcedar  cover  types  with  a 
30-m  outside  buffer  (during  2001—2003,  83% 
of  5,939  location  estimates  from  96  bobwhites 
on  our  study  area  were  in  or  <30  m  of  mixed 
shrub  cover;  saltcedar  may  be  a  structural  ho- 
mologue  to  mixed  shrub  cover  [Hiller  et  al. 
2007]).  We  concluded  a  potential  site-associ¬ 
ation  effect  existed  if  the  upper  CL  of  used 
points  was  less  than  the  lower  CL  of  random 
points  (or  if  95%  CLs  of  the  difference  of  the 
means  did  not  include  0). 

RESULTS 

We  captured  and  radio-marked  250  bob- 
whites,  but  used  only  data  collected  from  ra¬ 
dio-marked  bobwhites  during  summer  (May- 
Sep).  Our  analyses  of  nesting  and  movement 
data  generally  showed  that  distances  to  water 
were  closer  than  expected. 

Nest  Locations. — We  located  33  nests  in 
Tallahone  Pasture  (Table  1),  12%  of  which 
were  incubated  by  male  bobwhites.  The  dif¬ 
ference  of  mean  distances  between  successful 
and  unsuccessful  nests  to  nearest  surface  wa¬ 
ter  was  44.0  m  (SE  =  34.2,  95%  CL  =  -24.5 
to  112.5),  indicating  no  difference  between 
distances  of  successful  and  unsuccessful  nests 
to  water  (i.e.,  95%  CL  included  0).  We  pooled 
all  nest-distance  data  for  comparison  to  ran¬ 
dom-point  distances.  The  difference  between 
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TABLE  1.  Euclidean  distances  (m)  from  nest  lo¬ 
cations  of  Northern  Bob  whites  or  random  points  to 
surface  water,  Mesa  Vista  Ranch,  Roberts  County,  Tex¬ 
as,  USA,  May-October  2001-2002. 


Sample 

n 

X 

SE 

Min 

Max 

Nests 

Hatched 

n 

195.6 

27.9 

101 

362 

Failed 

22 

151.6 

19.9 

7 

391 

Totals 

33 

166.3 

16.3 

7 

391 

Random  points 

1,000 

274.1 

6.2 

3 

1,133 

mean  distances  of  nest  locations  and  random 
points  to  surface  water  was  —107.8  m  (SE  = 
17.4,  95%  CL  =  -142.7  to  -72.9),  indicating 
that  pooled  nest  locations  were  closer  to  water 
than  expected  by  chance  (i.e.,  95%  UCL  <  0). 

Movements. — We  obtained  2,117  location 
estimates  of  89  non-nesting  radio-marked 
bobwhites  during  summers  2001-2003.  Lo¬ 
cation  estimates  ( n  =  1,408)  of  83  bobwhites 
(x  =  16.5  locations/bird,  SE  =  2.2;  52%  male) 
were  within  Tallahone  Pasture  and  were  used 
for  analysis.  Mean  Euclidean  distances  were 

185.3  m  during  2001  (SE  =  23.6,  95%  CL  = 

137.3  to  233.4  m,  n  =  32  bobwhites),  207.2 
m  during  2002  (SE  =  21.7,  95%  CL  =  163.1 
to  251.2  m,  n  =  37),  and  207.3  m  during  2003 
(SE  =  48.3,  95%  CL  =  102.8  to  311.7  m,  n 
=  14).  Pooling  all  movement  data  resulted  in 
a  mean  of  198.8  m  (SE  =  15.4,  95%  CL  = 
168.1  to  229.4  m,  n  =  83).  Pooled  summer 
locations  of  non-nesting  bobwhites  were  clos¬ 
er  to  water  than  were  random  points  (95%  CL 
=  247.2  to  275.3  m).  The  frequency  distri¬ 
bution  of  location  distances  to  surface  water 
was  skewed  to  the  right  more  than  the  distri¬ 
bution  of  random  points  (Fig.  1).  Mean  dis¬ 
tance  of  location  estimates  to  surface  water 
was  —76%  of  mean  random-point  distance, 
and  most  (75%)  location  estimates  were  <250 
m  to  nearest  surface  water  versus  60%  of  ran¬ 
dom  points  (^250  m  to  nearest  surface  water). 

DISCUSSION 

Our  results  suggested  that  bobwhites  exhib¬ 
ited  some  level  of  site  association  with  surface 
water  (or  some  attribute  related  to  soil  mois¬ 
ture)  during  summer,  assuming  that  bobwhites 
did  not  differentially  select  between  artificial 
and  natural  water  sources.  Bobwhites  on  our 
study  area  appeared  to  select  nest  sites  closer 
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FIG.  1.  Frequency  distribution  of  distances  (m)  of 
locations  of  Northern  Bobwhites  (n  =  83  birds)  and 
1,000  randomly  generated  points  to  the  nearest  surface 
water  in  Tallahone  Pasture,  Mesa  Vista  Ranch,  Roberts 
County,  Texas,  USA,  during  summers  2001-2003. 
Random-point  generation  was  confined  to  mixed-shrub 
and  saltcedar  cover  types  and  a  30-m  outside  buffer  to 
potentially  reduce  confounding  effects  of  habitat. 


to  surface  water  than  expected.  We  know  of 
no  studies  describing  quail  nest-site  selection 
in  relation  to  water,  but  close  proximity  of 
nests  to  water  could  be  reproductively  advan¬ 
tageous.  Research  has  suggested  that  “bob- 
whites  allocated  more  resources  to  reproduc¬ 
tion  than  to  body  maintenance  .  .  .  during  wa¬ 
ter  deprivation  conditions”  (Giuliano  et  al. 
1998:781),  and  water  deprivation  has  led  to 
reproductive  failure  in  captive  bobwhites 
(Koerth  and  Guthery  1991);  increasing  access 
to  water  may  be  beneficial  to  bobwhites. 
However,  other  research  has  suggested  that 
preformed  water  availability  was  not  limited 
and  supplemental  water  was  unnecessary  urn 
der  field  conditions,  even  during  dry  years 
(Guthery  and  Koerth  1992).  We  did  not  mea¬ 
sure  preformed-water  availability  on  our  study 
area;  if  availability  of  preformed  water  was 
low,  poor  reproductive  condition  may  have 
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negatively  affected  egg  laying  for  bobwhites 
without  access  to  surface  water. 

Nest  sites  on  our  study  area  may  not  have 
been  sufficiently  close  to  water  for  use  by  in¬ 
cubating  bobwhites  given  the  relatively  short 
periods  that  incubating  birds  were  away  from 
nests  (—95%  CL  =  8.1  to  32.1  min  during 
day  estimated  from  Smith  [2003:table  4]).  In¬ 
cubating  bobwhites  on  the  study  area  often 
left  nests  during  the  hottest  times  of  the  day 
(Guthery  et  al.  2005),  possibly  to  reduce  heat 
loads  by  using  areas  containing  thermal  refu- 
gia.  Nest  success  appeared  unrelated  to  dis¬ 
tance  to  water,  but  we  did  not  assess  brood 
survival  based  on  proximity  to  water;  we 
know  of  no  evidence  to  corroborate  or  refute 
any  relationship  between  nest  distance  to  wa¬ 
ter  and  brood  survival. 

The  movements  of  non-nesting  bobwhites 
on  our  study  area  also  appeared  to  be  associ¬ 
ated  with  surface  water.  Dunkin  et  al.  (2009) 
found  no  evidence  that  movements  of  bob- 
whites  in  Oklahoma  were  associated  with  sur¬ 
face  water  or  with  any  man-made  structure 
other  than  resurfaced  roads.  Other  studies  as¬ 
sessing  quail  movements  relative  to  water 
have  been  limited  to  Mountain  Quail  {Oreor- 
tyx  pictus ),  where  fidelity  to  artificial  watering 
systems  was  described  (Delehanty  et  al. 
2004).  Mountain  Quail  may  also  select  micro¬ 
habitat  structure  near  water  sources  to  meet 
physiological  or  other  needs  (Brennan  et  al. 
1987). 

Given  our  evidence  that  bobwhite  nesting 
activities  and  movements  may  have  been  in¬ 
fluenced  by  surface  water,  but  the  general  lack 
of  evidence  that  bobwhites  require  surface 
water  to  meet  physiological  needs  (e.g.,  drink¬ 
ing,  belly-dipping),  we  offer  alternative  hy¬ 
potheses  that  may  explain  bobwhite  behavior 
relevant  to  surface  water.  In  southern  Texas, 
conditions  may  occur  such  that  virtually  no 
areas  contain  thermally  tolerable  space  for 
bobwhites,  at  least  during  summer  afternoons 
(Guthery  et  al.  2001).  On  our  study  area,  sim¬ 
ilar  results  were  presented  by  Guthery  et  al. 
(2005)  with  thermally  tolerable  space  gener¬ 
ally  confined  to  mixed-shrub  cover.  Surface 
temperatures  at  the  water  sites  remained  be¬ 
low  the  upper  critical  value  of  —40°  C  for 
bobwhites  (Guthery  2002)  throughout  the  day; 
this  was  not  true  for  five  other  cover  types 


used  by  bobwhites  on  the  study  area  (F.  S. 
Guthery,  unpubl.  data). 

Other  behavioral  hypotheses  are  evident. 
The  presence  of  surface  water  or  moist  soil 
may  have  created  conditions  attractive  to  bob- 
whites  based  on  food  availability  (e.g.,  suc¬ 
culent  plants,  invertebrates);  the  positive  re¬ 
lationship  between  weather  variables  (temper¬ 
ature,  rainfall)  and  bobwhite  abundance  or  re¬ 
production,  at  least  in  semi-arid  regions,  has 
been  well  established  (Kiel  1976,  Bridges  et 
al.  2001).  Our  design  attempted  to  reduce  po¬ 
tential  confounding  effects  between  surface- 
water  locations  and  cover  selection,  but  bob- 
whites  may  have  selected  for  cover  near  water 
regardless  of  the  location  of  water.  A  combi¬ 
nation  of  any  of  these  hypotheses  (drinking, 
foraging,  thermal  refugia)  may  also  be  plau¬ 
sible,  and  should  be  tested  to  clarify  the  be¬ 
havioral  underpinnings  of  the  potential  for  site 
association  with  water. 
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WING  MORPHOLOGY  VARIES  WITH  AGE  BUT  NOT  MIGRATORY 
HABIT  IN  AMERICAN  DIPPERS 

DAVID  J.  GREEN,12  IVY  B.  J.  WHITEHORNE,1 2  AMBER  L.  TAYLOR,1  AND 

ELLISA  L.  DRAKE1 


ABSTRACT. — We  investigated  variation  in  morphology  of  American  Dippers  ( Cinclus  mexicanus )  in  the 
Chilliwack  River  watershed,  British  Columbia  in  relation  to  gender,  age  and  migratory  habit.  Male  dippers  had 
linear  dimensions  that  were  2-9%  longer  and,  on  average,  were  16%  heavier  than  females.  Adults  (AHY)  were 
the  same  structural  size  as  yearlings  (HY).  Yearlings,  however,  had  shorter  and  more  rounded  wings  than  adults 
providing  support  for  the  hypothesis  that  an  increased  vulnerability  to  predation  may  lead  to  selection  for  traits 
that  improve  take-off  performance  and  maneuverability.  Yearlings  also  had  shorter  tails  suggesting  other  selective 
pressures  shape  tail  morphology.  Dippers  in  this  population  may  be  sedentary  or  migrate  short  distances  to  breed 
at  higher  elevations.  We  found  no  evidence  that  wing  or  tail  morphology  varied  with  migratory  habit  or  that 
sedentary  dippers,  that  have  higher  reproductive  success,  are  larger  or  heavier  than  migrants.  Received  1  No¬ 
vember  2007.  Accepted  1 1  May  2008. 


Migration  can  impose  strong  selection  pres¬ 
sure  on  traits  that  influence  speed  and  effi¬ 
ciency  of  long-distance  flight,  and  may  have 
a  major  role  in  maintaining  inter-  and  intra¬ 
specific  variation  in  wing  morphology  (Aler- 
stam  and  Lindstrom  1990,  Alerstam  1991). 
Aerodynamic  theory  suggests  that  costs  of 
long-distance  flight  are  reduced  if  wings  are 
longer  and  more  pointed,  and  tails  are  rela¬ 
tively  short  (Rayner  1988,  1990;  Norberg 
1990,  1995).  Comparative  studies  have  con¬ 
firmed  that  migratory  species  typically  have 
more  pointed  wings  than  sedentary  species 
(Marchetti  et  al.  1995,  Monkkonnen  1995, 
Lockwood  et  al.  1998).  Some  within  species 
comparisons  have  reported  wing  length  and/ 
or  wing  pointedness  increase  with  migration 
distance  (Perez-Tris  and  Tellerfa  2001,  Fielder 
2005,  O'Hara  et  al.  2006),  and  migratory  pop¬ 
ulations  have  longer  and  more  pointed  wings 
than  sedentary  populations  (Copete  et  al. 
1999,  Perez-Tris  and  Tellerfa  2001).  Intra-spe¬ 
cific  differences  in  wing  morphology  can 
evolve  rapidly.  For  example.  House  Finches 
( Carpodacus  mexicanus)  introduced  into  east¬ 
ern  North  America  in  1940  soon  became  mi¬ 
gratory  (Able  and  Belthoff  1998)  and,  by 
2002,  had  more  pointed  wings  than  sedentary 
House  Finches  in  western  North  America  (Eg¬ 
bert  and  Belthoff  2003). 
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Other  studies  have  found  that  wing  length 
or  pointedness  is  not  correlated  with  migration 
distance  or  migratory  behavior  (Keast  1980; 
Mulvihill  and  Chandler  1990,  1991;  Burns 
2003).  These  results  may  occur  because  avian 
flight  apparatus  is  also  shaped  by  other,  po¬ 
tentially  opposing,  selection  pressures.  For  ex¬ 
ample,  predation  may  select  for  shorter  round¬ 
er  wings  that  improve  take-off  performance 
(Norberg  1990,  Swaddle  and  Lockwood 
2003),  and  shorter  rounder  wings  and  longer 
tails  that  enhance  maneuverability  (Norberg 
1990).  This  may  explain  why  juvenile  birds, 
which  are  more  vulnerable  to  predators,  typi¬ 
cally  have  shorter  and  more  rounded  wings 
than  adults  (Alatalo  et  al.  1984).  Avian  flight 
apparatus  may  also  be  shaped  by  use  of  dif¬ 
fering  foraging  strategies,  habitat  selection, 
prey  size,  or  sexually  selected  courtship  be¬ 
haviors  (Norberg  1979,  Winkler  and  Leisler 
1985,  Hedenstrom  and  Moller  1992,  Marchetti 
et  al.  1995,  Stiles  et  al.  2005). 

American  Dipper  ( Cinclus  mexicanus)  pop¬ 
ulations  in  mountainous  areas  are  composed 
of  sedentary  individuals  (residents)  that  oc¬ 
cupy  multi-purpose  territories  year  round  and 
migratory  individuals  (migrants)  that  over¬ 
winter  with  residents  but  migrate  short  dis¬ 
tances  to  higher  elevation  territories  to  breed 
(Morrissey  et  al.  2004).  Long-term  monitoring 
of  marked  birds  has  shown  that  individual  dip¬ 
pers  rarely  switch  strategies  (Gillis  et  al. 
2008). 

We  investigated  whether  migratory  and 
sedentary  American  Dippers  differ  in  mor- 
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phology  before  or  after  their  first  complete 
(adult)  prebasic  molt.  Specifically,  we  exam¬ 
ined  whether  (1)  short-distance  altitudinal  mi¬ 
grants  have  longer  more  pointed  wings  and 
shorter  tails  than  residents,  (2)  yearlings  have 
shorter  more  rounded  wings  than  adults,  and 
(3)  if  residents,  that  consistently  have  higher 
reproductive  success  (Gillis  et  al.  2008),  are 
larger  than  migrants. 

METHODS 

Study  Area  and  Field  Procedures. — We 
studied  American  Dippers  in  the  Chilliwack 
River  watershed  (49°0'N,  121°  4' W),  100 
km  east  of  Vancouver  in  southwestern  British 
Columbia,  Canada.  We  worked  at  eight  sites 
(each  2  km  long)  on  the  main  stem  of  the  river 
and  seven  sites  on  tributaries  (sections  on  trib¬ 
utaries  ranged  from  0.5  to  6.5  km  in  length). 
Adults  were  captured  in  mist-nets  and  banded 
with  unique  combinations  of  three  color  bands 
and  a  metal  USGS  band.  We  weighed  all  birds 
captured  between  October  2004  and  June 
2007  to  the  nearest  0.5  g  using  a  Pesola  spring 
balance.  We  measured  unflattened  wing  chord 
and  tail  lengths  to  the  nearest  1  mm  using  ap¬ 
propriate  rulers.  We  measured  tarsus  length 
(from  the  back  of  the  tarsal  joint  to  the  most 
distal  scale),  and  the  distance  from  the  back 
of  the  head  to  the  tip  of  the  bill  to  the  nearest 
0.05  mm  using  dial  calipers.  We  also  mea¬ 
sured  distances  between  the  wing-tip  and  the 
tip  of  each  primary  feather  from  the  first  to 
the  ninth  (primary  distances  1  to  9,  numbered 
ascendantly  from  the  leading  edge  of  the 
wing)  to  the  nearest  0. 1  mm  using  dial  cali¬ 
pers  for  birds  captured  between  October  and 
February  2004-2005  and  2005-2006.  We  cal¬ 
culated  primary  lengths  (P1-P9)  as  the  dis¬ 
tance  from  the  carpal  joint  to  the  tip  of  each 
primary  on  the  folded  wing  following  Evered 
(1990).  All  primary  measures  were  taken  by 
DJG.  We  only  used  one  set  of  measurements 
per  bird  in  analyses  (selecting  the  data  where 
feathers  were  least  worn)  unless  birds  were 
measured  as  both  yearlings  and  adults  when 
two  sets  of  measurements  were  included  ( n  = 
5). 

We  differentiated  between  first-year  (HY  = 
yearlings)  and  older  birds  (AHY  =  adults)  on 
the  basis  of  plumage  characteristics  (Pyle 
1997).  Yearlings  that  retain  some  juvenile 
feathers  after  their  partial  post-juvenile  molt 


have  relatively  abraded,  narrow,  brownish- 
gray  primary  coverts.  Yearlings  may  also  have 
a  contrast  or  molt  limit  between  retained  ju- 
venal  and  molted  feathers  among  the  greater 
coverts.  Adults  that  complete  the  post-nuptial 
molt  have  broader,  more  truncate  primary  co¬ 
verts  that  are  slate-gray  with  whitish  tips  when 
fresh.  Age  separation  was  difficult  in  10  cases 
and  these  individuals  were  classified  as  being 
of  unknown  age. 

We  classified  gender  of  birds  captured  dur¬ 
ing  the  breeding  season  based  on  presence  of 
a  brood  patch  and  behavior  (only  female 
American  Dippers  incubate  eggs  and  brood 
young;  Kingery  1996).  Birds  captured  during 
fall  and  winter  2004-2005  and  2005-2006 
were  classified  to  gender  using  a  DNA-based 
test  that  relies  on  PCR  amplification  of  a  sec¬ 
tion  of  the  CHD1  genes  (CHD1-W  and 
CHD1-Z)  on  the  avian  sex  chromosomes  fol¬ 
lowing  Griffiths  et  al.  (1998).  The  DNA  used 
was  isolated  from  small  blood  samples  (10- 
70  |xl)  collected  at  banding.  Behavioral  and 
molecular  methods  of  gender  identification 
were  consistent  ( n  =  22). 

We  classified  individuals  as  being  residents 
or  altitudinal  migrants.  Residents  were  sed¬ 
entary,  and  over-wintered  and  attempted  to 
breed  at  the  site  where  they  were  captured. 
Migrants  were  those  that  (1)  bred  on  tributar¬ 
ies  at  least  2  km  from  wintering  sites  on  the 
river  and  left  these  territories  after  the  breed¬ 
ing  season,  or  (2)  wintered  on  the  Chilliwack 
River  but  left  prior  to  breeding.  Individuals 
captured  on  the  main  stem-  of  the  river  outside 
the  breeding  season  could  not  be  assigned  a 
migratory  strategy  unless  they  were  known  to 
survive  the  winter  (i.e.,  were  observed  during 
or  after  February). 

Statistical  Analyses. — We  examined  varia¬ 
tion  in  the  wing  morphology  of  American 
Dippers  following  Lockwood  et  al.  (1998). 
This  multivariate  technique  uses  a  size-con- 
strained  components  analysis  (SCCA)  to  pro¬ 
duce  three  independent  measures  of  wing 
morphology;  overall  wing  size,  wing  point- 
edness,  and  wing  convexity  (i.e.,  the  shape  of 
the  proximal  part  of  the  wing).  We  subse¬ 
quently  used  general  linear  models  to  inves¬ 
tigate  morphological  variation.  We  evaluated 
gender,  age  and  migratory  habit  effects  on 
eight  variables;  (1)  head-bill  length,  (2)  tarsus 
length,  (3)  wing  chord  length,  (4)  tail  length, 
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TABLE  1.  Loading  and  variance  explained  by  three  components  from  a  SCCA  of  primary  lengths  in  Amer¬ 
ican  Dippers.  Primaries  1  to  9  are  numbered  ascendantly  from  the  distal  leading  edge  of  the  wing.  Shape  variance 
is  the  partitioning  of  variance  after  the  isometric  size  variance  explained  by  wCl  is  removed. 

Primary/variance 

wCl 

wC2 

wC3 

i 

0.34 

-0.51 

-0.36 

2 

0.34 

-0.31 

-0.08 

3 

0.34 

-0.31 

0.02 

4 

0.33 

-0.15 

0.03 

5 

0.33 

0.02 

0.25 

6 

0.33 

0.11 

0.28 

7 

0.33 

0.24 

0.35 

8 

0.33 

0.36 

0.25 

9 

0.34 

0.57 

-0.73 

%  total  variance  explained 

96.9 

1.6 

0.7 

%  shape  variance  explained 

57.0 

23.0 

(5)  body  mass,  (6)  overall  wing  size,  (7)  wing 
pointedness  and  (8)  wing  convexity.  We  ini¬ 
tially  fitted  a  full  model  in  all  analyses  and 
sequentially  removed  all  non-significant  terms 
until  only  significant  factors  remained.  No  in¬ 
teractions  were  significant  (all  P  >  0.05)  and 
we  report  the  change  in  the  variance  ratio 
(Av.r.)  when  main  effects  are  dropped  from 
the  final  model. 

RESULTS 

We  captured  181  birds  between  October 
2004  and  June  2007,  measuring  primary  dis¬ 
tances  for  92  birds  captured  between  October 
and  February  2004-2005  and  2005—2006. 
Twenty  of  these  birds  were  caught  on  more 
than  one  occasion,  fifteen  being  captured 
twice  in  the  same  year.  Recaptured  birds  in¬ 
cluded  migrants  and  residents  of  both  age 
classes.  The  SCCA  produced  three  compo¬ 
nents  that  explained  >95%  of  the  variation  in 
primary  feather  lengths  (Table  1).  The  first 
component  (wCl)  measured  isometric  size 
with  all  primaries  contributing  equally  to  the 
wC  1  score.  The  second  component  (wC2)  ex¬ 
plained  57%  of  the  variation  in  wing  shape 
and  was  a  good  measure  of  wing  pointedness. 
The  more  negative  the  wC2  score,  the  more 
pointed  the  wing  as  the  outer  primaries  had 
negative  loadings  and  the  inner  primaries  had 
positive  loadings.  The  third  component  (wC3) 
measured  wing  convexity  with  higher  scores 
being  associated  with  longer  primaries  in  the 
center  of  the  wing  (P5-P8),  and  shorter  pri¬ 
maries  at  the  proximal  and  distal  edge  (P 1  and 
P9;  Table  1). 


Effects  of  Gender  and  Age  on  Morpholo¬ 
gy. — American  Dippers  were  sexually  dimor¬ 
phic;  males  had  linear  measures  2-9%  longer 
than  females,  and  were  16%  heavier  (Table  2). 
Adults  were  the  same  structural  size  and  mass 
as  yearlings  of  the  same  gender,  but  had  lon¬ 
ger  wing  chords  and  longer  tails  (Table  2). 
Adults  and  yearlings  had  wings  that  were  the 
same  overall  size  (wCl),  but  their  wings  dif¬ 
fered  in  shape  (Table  2).  Adult  dippers  had  a 
lower  wing  pointedness  score  (wC2)  than 
yearlings,  which  corresponds  to  having  longer 
primaries  at  the  leading  edge  of  the  wing  and 
shorter  primaries  at  the  inner  edge  of  the 
wing.  Adults  and  yearlings  did  not  differ  in 
wing  convexity  scores  (wC3;  Table  2). 

Age-related  differences  in  wing  and  tail 
length  remained  after  controlling  for  the 
amount  of  time  elapsed  since  primary  and  tail 
feather  growth  was  completed  (estimated  as  1 
Jun  for  yearlings  and  1  Sep  for  adults;  wing 
chord,  age  effect:  Av.r.  =  10.3,  P  =  0.002, 
time  effect:  Av.r.  =  6.7,  P  =  0.01;  tail  length, 
age  effect:  Av.r.  =  20.0,  P  <  0.001;  time  ef¬ 
fect:  Av.r.  =  0.4,  P  =  0.71).  Wing  chord  and 
tail  length  did  not  change  between  captures 
for  15  individuals  captured  more  than  once  in 
the  same  year  (mean  change  ±  SE:  wing 
chord  —0.1  ±  0.3  mm,  t  =  —0.52,  P  =  0.61; 
tail  length  0.4  ±  0.3  mm,  t  =  1.25,  P  =  0.23) 
and  differences  were  not  correlated  with  time 
interval  between  captures  (wing  chord  rp  = 
-0.2,  P  =  0.43;  tail  r,  =  -0.1  P  =  0.60). 

Migratory  Habit  and  Morphology. — Sed¬ 
entary  and  migratory  dippers  were  the  same 
size.  Head-bill  length,  tarsus  length,  wing 


TABLE  2.  Morphological  variation  of  American  Dippers  (x  ±  SD)  in  relation  to  gender  and  age.  Gender  and  age  effects  are  the  change  in  the  variance  ratio 
(A  v.r.)  when  age  or  gender  is  dropped  from  general  linear  models  containing  significant  main  effects. 
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FIG.  1 .  Relationship  between  age  and  (A)  residual 
wing  chord  length  ±  SD  and  (B)  wing  pointedness  ± 
SD  of  migratory  and  sedentary  American  Dippers.  Mi¬ 
grants  are  represented  by  black  bars,  residents  by  white 
bars.  Wing  chord  residuals  are  unstandardized  residu¬ 
als  after  controlling  for  gender.  Numbers  denote  sam¬ 
ple  sizes  for  each  category. 


chord  length  (Fig.  1A),  tail  length  and  overall 
wing  size  of  an  individual,  after  controlling 
for  gender  and  age  effects,  were  all  unrelated 
to  their  migratory  habit  (Table  3).  Sedentary 
dippers  also  had  the  same  wing  shape  as  mi¬ 
gratory  dippers;  neither  wing  pointedness 
(Fig.  IB),  nor  wing  convexity  varied  with  mi¬ 
gratory  habit  (Table  3). 

DISCUSSION 

Inter-  and  intra-specific  studies  have  shown 
that  migration  can  influence  wing  length  and 
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TABLE  3.  Morphological  variation  of  American  Dippers 

in  relation  to  migratory  habit.  LS  means  ±  SE  are 

presented  after  controlling  for  significant  age  and/or  gender  effects.  Sample  sizes  are  the 

same  as  in  Table  2. 

We  report  the  change  in 

the  variance  ratio  (A  v.r.)  when  migratory  habit  is 

dropped  from  g 

eneral  linear  models 

containing  significant  main  effects. 

Character 

Resident 

Migrant 

A  v.r. 

p 

Head-bill  length,  mm 

46.8  ±  0.1 

46.9  ±  0.1 

it 

0.29 

Tarsus  length,  mm 

34.0  ±  0.1 

34.0  ±  0.1 

0.4 

0.52 

Wing  chord,  mm 

87.9  ±  0.3 

87.7  ±  0.3 

0.4 

0.53 

Tail  length,  mm 

48.5  ±  0.3 

49.0  ±  0.3 

0.8 

0.37 

Mass,  g 

52.6  ±  0.8 

53.1  ±  0.7 

0.2 

0.66 

Wing  size,  wCl 

0.1  ±  0.4 

0.2  ±  0.3 

0.0 

0.99 

Wing  pointedness,  wC2 

-0.1  ±  0.1 

-0.1  ±  0.1 

0.01 

0.91 

Wing  convexity,  wC3 

-0.01  ±  0.02 

-0.04  ±  0.03 

0.9 

0.35 

shape,  but  our  study  indicates  that  selection 
pressures  imposed  by  migration  did  not  influ¬ 
ence  the  morphology  of  yearling  or  adult 
American  Dippers.  Sedentary  and  migratory 
dippers  may  have  similar  wings  and  tails  be¬ 
cause  altitudinal  movements  of  migrants  do 
not  impose  sufficient  selection  pressure  on 
these  morphological  traits.  Migratory  dippers 
in  this  population  move  relatively  short  dis¬ 
tances  (max  observed  =  21  km;  DJG,  unpubl. 
data)  compared  to  other  species  where  migra¬ 
tion  related  differences  in  morphology  have 
been  detected.  For  example,  migratory  Eur¬ 
asian  Blackcaps  ( Sylvia  atricapilla)  that  have 
longer  wings  than  sedentary  birds  travel  be¬ 
tween  100  and  1,700  km  (Perez-Tris  and  Tel- 
lerfa  2001).  Similarly,  migratory  House  Finch¬ 
es  in  eastern  North  America  that  differ  mor¬ 
phologically  from  their  sedentary  counterparts 
in  western  North  America  migrate  between  80 
and  1,000  km  (Able  and  Belthoff  1998). 

Alternatively,  the  flight  morphology  of  res¬ 
idents  and  migrants  may  not  differ  because 
gene  flow  between  the  two  groups  counters 
any  effect  of  selection.  We  have  no  molecular 
data  with  which  to  evaluate  the  level  of  ge¬ 
netic  isolation  between  residents  and  mi¬ 
grants.  Some  gene  flow  is  likely,  even  though 
residents  and  migrants  breed  in  different  lo¬ 
cations  because  young  may  not  adopt  the 
same  migratory  habit  as  their  parents  (Gillis 
et  al.  2008).  Morphological  differences  be¬ 
tween  residents  and  migrants  would  still  be 
expected,  even  with  moderate  levels  of  gene 
flow,  if  intra-specific  competition  affects 
which  individuals  are  residents  and,  thus,  en¬ 
joy  higher  reproductive  success.  However,  we 
found  no  evidence  that  residents  were  larger 


or  heavier  than  migrants.  Further  work  is  re¬ 
quired  to  assess  how  genetic  and  environmen¬ 
tal  factors  affect  the  migratory  habit  of  Amer¬ 
ican  Dippers. 

Predation  can  lead  to  selection  for  shorter 
rounded  wings  that  allow  birds  to  accelerate 
faster  and  take-off  at  a  steeper  angle,  and  lon¬ 
ger  tails  that  can  provide  additional  lift  and 
enhance  maneuverability  (Norberg  1990, 
Thomas  and  Balmford  1995).  Yearling  dippers 
in  our  study  had  shorter  rounder  wings  than 
adults,  consistent  with  the  hypothesis  that  pre¬ 
dation  can  influence  wing  shape  and  that  dif¬ 
ferences  in  vulnerability  to  predation  can  lead 
to  age-dependent  variation  in  wing  morphol¬ 
ogy  (Alatalo  et  al.  1984).  However,  yearlings 
had  shorter  tails  than  adults.  Tails  of  birds  are 
often  co-opted  for  other  functions  because 
tails  generate  less  lift  than  wings  and  the  aero¬ 
dynamic  performance  of  tails  is  less  impacted 
by  changes  in  size  and  shape  (Thomas  and 
Balmford  1995).  Diving  and  swimming  un¬ 
derwater  may  exert  stronger  selection  pressure 
on  tail  length  than  flight  in  dippers,  and  age- 
dependant  variation  in  tail  length  may  arise  if 
longer  tails  compromise  the  acquisition  of 
these  skills  in  young  birds. 

Age-related  differences  in  both  wing  or  tail 
length  could  arise  because  yearlings  do  not 
replace  their  primary  and  tail  feathers  in  their 
post-juvenile  molt,  and  their  feathers  are  con¬ 
sequently  more  worn.  This  appears  unlikely  as 
age-related  differences  remained  after  con¬ 
trolling  for  the  amount  of  time  elapsed  since 
primary  and  tail  feather  growth  was  complet¬ 
ed.  Alternatively,  yearling  dippers  may  have 
shorter  wings  and  tails  than  adults  because  of 
nutritional  constraints  on  juvenile  feather  de- 
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velopment  (van  Balen  1967).  We  are  currently 
unable  to  rule  out  this  hypothesis. 
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Observations  of  Molt  in  an  Endangered  Rallid,  the  Hawaiian  Moorhen 

David  W.  DesRochers,13  Luke  K.  Butler,1  Michael  D.  Silbemagle,2 3  and 

J.  Michael  Reed1 


ABSTRACT. — We  used  field  and  museum  data  to 
describe  timing  of  flight  feather  molt  in  the  endangered 
Hawaiian  Moorhen  ( Gallinula  chloropus  sandvicen- 
sis).  We  evaluated  80  adults  captured  a  total  of  107 
times  at  two  study  sites  on  Oahu  from  April  2005  to 
August  2007.  Eighty-five  of  the  birds  were  not  molt¬ 
ing,  13  had  abraded  remiges,  and  eight  of  the  nine 
molting  adults  examined  were  simultaneously  replac¬ 
ing  their  primaries,  secondaries,  and  upper  and  lower 
wing  coverts.  We  also  scored  molt  for  28  Hawaiian 
Moorhen  specimens  from  three  museum  collections, 
but  no  birds  were  molting.  Molt  in  Hawaiian  Moor¬ 
hens,  which  lasts  about  30  days,  was  not  synchronous 
across  individuals  with  molting  birds  recorded  from 
June  to  September  in  the  field.  We  observed  non-molt¬ 
ing  individuals  throughout  the  year  including  birds  we 
captured  and  museum  specimens.  Molting  and  non¬ 
molting  birds  had  similar  body  condition,  as  defined 
by  mass/tarsometatarsal  length.  The  flightless  period 
during  molt,  which  likely  lasts  about  25  days,  may 
increase  predation  risk,  a  serious  concern  in  Hawaii 
where  introduced  terrestrial  predators  pose  a  major 
threat  to  moorhen  populations.  Received  8  May  2008. 
Accepted  2  July  2008. 


Understanding  avian  molt  patterns  is  im¬ 
portant  because  birds  require  significant  en¬ 
ergetic  and  protein  resources  to  produce  the 
new  plumage  (Panek  and  Majewski  1990, 
Earnst  1992,  Murphy  and  King  1992,  Bonier 
et  al.  2007).  Birds  experience  decreased  flight 
performance  during  replacement  of  wing  and 
tail  feathers  (Swaddle  and  Lockwood  2003). 
Some  rallids  and  waterfowl  replace  all  of  their 
flight  feathers  simultaneously  (Hohman  et  al. 
1992,  Taylor  1998)  which,  in  some  species 
can  leave  a  bird  flightless  for  >5  weeks  (e.g., 
Summers  1983).  Predation  risk  may  be  partic¬ 
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ularly  high  for  species  that  exhibit  this  molt 
pattern  (Panek  and  Majewski  1990).  Conse¬ 
quently,  many  species  exhibiting  simultaneous 
replacement  of  flight  feathers  migrate  to  molt 
in  refugia  that  provide  both  high  food  resourc¬ 
es  and  low  predation  risk  (e.g.,  Taylor  1995, 
Stout  and  Cooke  2003). 

We  describe  flight  feather  molt  in  the  volant 
Hawaiian  Moorhen  ( Gallinula  chloropus 
sandvicensis),  a  rallid  listed  as  endangered  un¬ 
der  the  U.S.  Endangered  Species  Act  and 
which  is  restricted  to  coastal  wetlands  on  the 
islands  of  Kauai  and  Oahu  (Taylor  1998,  U.S. 
Fish  and  Wildlife  Service  2005).  Little  is 
known  about  how,  when,  or  where  molt  oc¬ 
curs  in  this  species.  Basic  molt  information 
has  been  published  on  the  European  (G.  c. 
chloropus)  and  African  (G.  c.  meridionalis) 
subspecies  (Grant  1914,  Fagan  et  al.  1976), 
but  it  is  unknown  whether  individual  or  sea¬ 
sonal  patterns  are  consistent  across  subspe¬ 
cies.  Our  objectives  were  to:  (1)  report  num¬ 
bers  of  primaries,  secondaries,  and  rectrices, 
(2)  estimate  the  duration  of  flightlessness  and 
molt,  (3)  describe  the  timing  of  molt,  and  (4) 
test  for  differences  in  body  condition  between 
molting  and  non-molting  birds.  We  also  dis¬ 
cuss  molt  in  relation  to  the  behavioral  ecology 
and  conservation  of  this  species  because, 
when  birds  are  flightless,  they  are  incapable 
of  short,  eruptive  flights,  which  is  one  of  their 
primary  predator-escape  tactics  (Bannor  and 
Kiviat  2002). 

METHODS 

Field  Data. — Birds  were  captured,  from 
April  2005  to  July  2007  (with  the  exception 
of  Jun-Jul  2006)  at  James  Campbell  National 
Wildlife  Refuge  (James  Campbell)  (21°  41'  N, 
157°  55'  W)  and  Waimea  Falls  Audubon  Cen¬ 
ter  (Waimea)  (21°38'N,  158°  63' W),  which 
are  both  on  Oahu.  We  categorized  primaries 
as  abraded,  absent,  growing,  or  completely 
new  (fresh  without  sheath  remnant)  from  June 
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to  July  2007.  It  was  necessary  to  score  molt 
rapidly  because  of  strict  handling  time  limi¬ 
tations  on  these  endangered  birds.  We  approx¬ 
imated  completeness  of  molt  remiges  in  in¬ 
crements  of  25%  (e.g.,  0-25,  26—50%,  etc.)  to 
shorten  handling  time,  adapting  the  method  of 
Newton  (1966).  We  scored  secondaries,  ter- 
tials,  rectrices,  wing  and  rectrix  coverts,  and 
body  and  head  feathers  as  molting  or  not 
molting. 

Museum  Data. — We  investigated  molt  in 
museum  specimens  at  the  Harvard  Museum  of 
Comparative  Zoology  ( n  =  12),  American 
Museum  of  Natural  History  ( n  =  9),  and  the 
Smithsonian  National  Museum  of  Natural 
History  ( n  =  7).  Specimens  were  collected 
across  the  species’  historic  range  (Hawaii, 
Kauai,  Maui,  Molokai,  and  Oahu)  from  the 
1890s  to  1900s  with  a  single  specimen  col¬ 
lected  in  1981.  We  also  counted  numbers  of 
primaries,  secondaries,  and  rectrices  on  two 
moorhen  carcasses  provided  by  the  U.S.  Geo¬ 
logical  Survey  in  Hawaii. 

We  estimated  duration  of  flightlessness  and 
calculated  this  period  using  an  equation  de¬ 
veloped  for  ducks  (n  =  8  species,  r  =  0.97) 
(Dean  1978):  duration  of  flightlessness  (in 
days)  =  0.071 -wing  length  (mm)  +  13.45. 
Wing  length  refers  to  wing  chord  length 
(based  on  Dean’s  [1978]  wing  length  data  and 
Madge  and  Burn  [1988]).  We  used  mean  wing 
chord  length  from  wild  adults  captured  in  our 
study  to  calculate  the  duration  of  flightless¬ 
ness  for  Hawaiian  Moorhens.  We  used  the 
longest  value  when  we  had  multiple  measure¬ 
ments  from  the  same  individual,  assuming  that 
shorter  measurements  reflected  feather  wear. 
We  estimated  duration  of  molt  using  the  mean 
length  of  the  longest  primary  (P8)  from  two 
adult  Hawaiian  Moorhens,  an  average  growth 
rate  for  moorhen  primaries  of  5.15  mm/day 
(Fagan  et  al.  1976),  plus  2  days  required  for 
blood  quills  to  emerge  after  feather  shedding 
(Panek  and  Majewski  1990).  We  gathered  data 
on  when  birds  were  molting  during  the  year, 
but  our  research  protocol  did  not  allow  for 
uniform  capture  effort  across  the  year. 

We  tested  the  hypothesis  that  mean  body 
condition  index  (BCI  =  body  mass/tarsometa¬ 
tarsal  length)  (Freeman  and  Jackson  1990)  of 
molting  birds  differed  from  non-molters.  We 
made  two  separate  comparisons  of  BCI  be¬ 
cause  we  did  not  know  precisely  when  birds 


with  highly  abraded  feathers  would  begin 
molting.  We  first  compared  BCI  between 
molting  and  non-molting  birds,  including 
those  with  abraded  feathers,  and  then  com¬ 
bined  molting  birds  and  those  with  abraded 
feathers.  We  excluded  a  bird  from  analysis  if 
a  subsequent  capture  occurred  within  30  days 
to  ensure  sample  independence.  We  used  a  t- 
test  (proc  ttest)  in  SAS  Version  9.1.3  to  com¬ 
pare  BCI. 

There  might  be  concern  that  growing  neigh¬ 
boring  feathers  represent  replacement  of  ac¬ 
cidentally-lost  feathers  rather  than  replace¬ 
ment  as  part  of  a  simultaneous  molt.  This  did 
not  appear  to  be  a  problem  because  we  pre¬ 
sumed  that  symmetrical  wing  feather  replace¬ 
ment  was  unlikely  to  be  accidental,  and  all 
wing  molters  were  replacing  feathers  on  both 
wings.  In  addition,  one  of  two  birds  molting 
rectrices  was  also  molting  other  regions  of  the 
wings  or  body  symmetrically.  Thus,  we  pre¬ 
sumed  this  bird  was  in  molt  and  not  replacing 
accidentally-lost  feathers. 

RESULTS 

We  captured  80  adult  moorhens,  and  recap¬ 
tured  19  at  least  30  days  apart  (range:  2-4 
recaptures/individual)  for  a  total  of  107  cap¬ 
tures.  Eighty-five  of  107  adults  captured  were 
not  molting,  13  had  abraded  remiges,  and  nine 
were  molting.  We  captured  molting  moorhens 
from  June  to  September  and  birds  with  highly 
abraded  feathers  in  February,  May,  June,  Au¬ 
gust,  and  October  to  December.  We  also 
caught  non-molting  adults  in  every  month  ex¬ 
cept  March  (Fig.  1).  Images  of  molting  and 
non-molting  birds,  and  individuals  with  abrad¬ 
ed  remiges  can  be  viewed  at  http://ase. tufts, 
edu/biology/labs/reed/res-pub-suppl.html. 

We  scored  primary  molt  for  1 1  adults  cap¬ 
tured  at  James  Campbell  from  June  to  July 
2007.  Six  of  the  birds  did  not  appear  to  be 
molting,  and  the  other  five  were  in  various 
stages  of  molt  (Table  1).  One  of  the  five  molt¬ 
ing  birds  had  abraded  remiges  and  was  molt¬ 
ing  some  of  its  rectrices.  Two  birds  were  si¬ 
multaneously  molting  their  remiges  (<25% 
complete),  including  all  upper  and  lower  wing 
coverts.  One  of  these  two  molters  had  remiges 
growing  simultaneously  while  the  second 
bird’s  remiges  and  coverts  were  not  being  re¬ 
placed  in  a  systematic  order.  The  two  other 
moorhens  had  completed  the  majority  of  their 
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FIG.  1.  Molt  status  of  Hawaiian  Moorhens  captured  at  James  Campbell  National  Wildlife  Refuge  and  Wai- 
mea  Valley  Audubon  Center,  Oahu,  Hawaii,  and  museum  specimens  from  Harvard  Museum  of  Comparative 
Zoology,  American  Museum  of  Natural  History,  and  Smithsonian  National  Museum  of  Natural  History.  Closed 
circles  =  molting  birds,  half-circles  =  birds  with  worn  remiges,  and  open  circles  =  non-molting  birds. 


TABLE  1.  Qualitative  assessment  of  molt  for  five  adult  Hawaiian  Moorhens  captured  at  James  Campbell 
National  Wildlife  Refuge.  Molt  score  adapted  from  Newton  (1966)  is  given  for  left  and  right  primaries.  Values 
were  the  same  for  the  left  and  right  wings.  Yes  =  molt  was  between  0  and  100%  complete.  No  =  no  diseernable 
sign  of  current  or  recent  molt. 


Date  (2007) 

Primaries 

Secondaries 

Tertials 

Wing  coverts 

Rectrices 

Rectrix 

coverts 

Body 

Dorsal 

Ventral 

Head 

26  Jun 

0-25% 

Yes 

Yes 

Yes 

'  No 

No 

No 

No 

No 

27  Jun 

0-25% 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

2  Jul 

Complete 

Complete 

Complete 

Complete 

Complete 

Yes 

No 

No 

No 

3  Jul 

Complete 

Complete 

Complete 

Complete 

Complete 

Yes 

No 

’  No 

No 

3  Jul 

Abraded 

Abraded 

Abraded 

Abraded 

Yes 

No 

Yes 

No 

No 
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molt  with  only  the  undertail  coverts  still  grow¬ 
ing,  and  all  other  feathers  new.  One  non-molt- 
er  had  new  flight  feathers  and  no  sheath  wax 
was  present,  three  had  recently  completed 
molt,  which  was  apparent  from  the  sheath  wax 
found  throughout  the  birds’  plumage,  and  two 
had  exceptionally  abraded  flight  feathers. 

We  observed  slight  to  moderate  wear  on 
flight  feathers  for  12  of  28  (43%)  moorhens 
in  museum  collections;  10  had  no  noticeable 
feather  abrasion,  and  six  birds  were  missing 
date  of  collection.  Specimens  with  light  to 
moderately  abraded  wing  feathers,  faded  tips, 
and  barbs  missing  from  about  the  distal  1  cm 
of  rachis  occurred  in  every  month  except  July 
and  September  (Fig.  1). 

Hawaiian  Moorhens  have  10  primaries, 
eight  secondaries  (confirmed  by  investigating 
ulnar  attachment  points),  and  12  rectrices. 
Mean  adult  moorhen  wing  chord  length  (not 
flattened)  was  170.8  ±  8.7  mm  (±  SD;  n  = 
80  birds).  We  estimated  that  moorhens  would 
be  flightless  for  25  days  after  molting  their 
flight  feathers  using  this  value.  We  estimated 
that  molt  would  take  30  days  to  complete 
based  on  an  average  length  of  primary  8  of 
142.2  ±1.2  mm  («  =  4  feathers  from  2  birds). 

There  was  no  significant  difference  in  mean 
body  condition  between  molting  and  non¬ 
molting  birds.  The  BCI  for  non-molting  + 
abraded  feathers  was  5.68  ±  0.68,  n  =  98, 
while  BCI  for  molting  birds  was  6.01  ±  1.07, 
n  =  9  (h 05  =  -1.31,  P  =  0.19).  The  BCI  for 
non-molting  birds  was  5.59  ±  0.82  (mean  ± 
SD),  n  =  85,  and  for  molting  +  abraded  feath¬ 
ers:  5.24  ±  1.20,  n  =  22  (t105  =  0.70,  P  = 
0.48). 

DISCUSSION 

Hawaiian  Moorhens  typically  molt  all  of 
their  flight  feathers  and  associated  wing  co¬ 
verts  simultaneously;  all  but  one  bird  in  our 
study  with  molting  flight  feathers  was  molting 
them  simultaneously.  This  is  consistent  with 
the  simultaneous  flight  feather  molt  reported 
for  European  and  African  subspecies  of  Com¬ 
mon  Moorhen  (G.  c.  chloropus  and  G.  c.  mer- 
idionalis)  (Grant  1914,  Fagan  et  al.  1976, 
Cramp  and  Simmons  1980).  Numbers  of  the 
different  types  of  flight  feathers  of  Hawaiian 
Moorhens  are  within  the  range  reported  for 
other  rail  species  (Proctor  and  Lynch  1993). 

Molt  in  Hawaiian  Moorhens,  based  on  our 


data,  appears  to  occur  primarily  from  June 
through  September.  One  possible  explanation 
for  this  timing  is  that  molt  in  Hawaiian  Moor¬ 
hens  may  follow  breeding,  as  has  been  ob¬ 
served  in  northern  populations  of  the  Euro¬ 
pean  subspecies  of  Common  Moorhen,  where 
breeding  is  seasonal  (Cramp  and  Simmons 

1980) .  Post-breeding  simultaneous  flight 
feather  molt  also  occurs  in  other  rallids  (e.g., 
some  Rallus ,  Porphyrio,  and  Fulica  spp.  [Tay¬ 
lor  1998]).  Most  of  these  examples  are  from 
species  that  are  considered  seasonal  breeders. 
It  would  be  reasonable,  therefore,  to  test 
whether  molt  in  Hawaiian  Moorhens  tends  to 
follow  peak  breeding  time.  Unfortunately,  Ha¬ 
waiian  Moorhens  can  breed  at  any  time  of  the 
year  (Byrd  and  Zeillemaker  1981,  U.S.  Fish 
and  Wildlife  Service  2005)  and,  although 
peaks  have  been  reported,  they  can  occur  al¬ 
most  any  time  of  year.  Peak  breeding  has  been 
reported  from  March-August  (Shallenberger 
1977)  and  April-June  (Byrd  and  Zeillemaker 

1981) ;  bimodal  peaks  have  been  reported  in 
February  and  November  (Nagata  1983), 
March  and  October  (Chang  1990),  and  April 
and  December  (MDS,  unpubl.  data).  Taylor 
(1998)  suggests  timing  of  molt  in  tropical  rail 
species  is  irregular  and  may  not  be  associated 
with  end  of  the  breeding  season.  Consequent¬ 
ly,  we  were  not  able  to  test  an  a  priori  hy¬ 
pothesis  about  timing  of  molt  relative  to  peak 
breeding,  and  it  appears  that  identifying  the 
relative  timing  of  breeding  and  molt  in  Ha¬ 
waiian  Moorhens  will  require  tracking  indi¬ 
vidually  marked  birds. 

We  estimate  that  Hawaiian  Moorhens  com¬ 
plete  their  primary  molt  in  —30  days.  This 
estimate  is  slightly  higher  than  the  20-27  days 
required  to  complete  molt  for  the  African  sub¬ 
species  (Fagan  et  al.  1976)  but  is  well  within 
estimated  molt  rates  for  nine  other  rail  species 
(range:  21-54  days)  reported  by  Taylor 
(1998).  We  predict  Hawaiian  Moorhens  are 
capable  of  flight  25  days  after  onset  of  molt 
if  this  subspecies  matches  flight  capability  of 
waterfowl  that  undergo  the  same  molt  pattern 
(Dean  1978).  We  predicted  molt  would  be  as¬ 
sociated  with  a  change  in  body  condition,  ei¬ 
ther  poorer  condition  due  to  the  costs  of  molt 
or  better  condition  if  birds  added  mass  before 
molting,  but  body  condition  was  unrelated  to 
molt. 

Flightlessness  from  simultaneous  replace- 
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ment  of  primaries  leaves  molting  birds  vul¬ 
nerable  to  predation.  Moorhens  typically  use 
two  escape  tactics  to  evade  predators:  running 
into  vegetation  (Greij  1994)  and  short,  erup¬ 
tive  flights  (Bannor  and  Kiviat  2002).  Run¬ 
ning  is  unlikely  to  be  affected  by  loss  of  flight 
feathers  during  molt  because  moorhens  do  not 
flap  their  wings  during  escape  runs  (DWD, 
pers.  obs.).  However,  the  inability  to  fly  is 
likely  to  increase  predation  risk  (McLennan  el 
al.  1996)  because  short,  eruptive  flight  is  a 
common  behavior  in  Hawaiian  Moorhens  in 
response  to  threats.  In  addition,  Hawaiian 
Moorhens  flap  their  wings  to  escape  a  preda¬ 
tor  (DWD.  pers.  obs.).  Introduced  mammalian 
predators,  including  rats  ( Rattus  spp.),  house 
cats  ( Felis  catus),  domestic  dogs  ( Canis  fam- 
iliaris),  and  small  Indian  mongoose  ( Herpes - 
tes  javanicus),  pose  serious  threats  to  molting 
moorhens  in  Hawaii  (U.S.  Fish  and  Wildlife 
Service  2005).  Steadman  (2006)  posits  that  as 
many  as  1,600  flightless  rail  species  have 
gone  extinct  in  the  tropical  Pacific,  including 
species  in  Hawaii,  partly  due  to  introduced 
predators  associated  with  human  colonization. 
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ABSTRACT. — We  studied  the  habitat  association  of 
Band-tailed  Antbirds  ( Hypocnemoides  maculicauda ) 
in  four  forest  types  in  the  Brazilian  Pantanal  between 
1999  and  2006.  Birds  were  sampled  with  standardized 
mist  nets  during  20  months  and  point  count  censuses 
during  14  months.  Band-tailed  Antbirds  exhibited  a 
preference  for  seasonally  flooded  forests  ( Landi  and 
Cambarazal)  with  no  capture  or  detection  in  drier  for¬ 
ests  ( Cordilheira  and  Carvoeiro),  even  during  the  wet 
season.  We  found  no  evidence  of  regular  local  move¬ 
ments  between  different  forest  types.  The  21  recap¬ 
tures  were  normally  in  the  same  forest  patch  as  cap¬ 
ture,  indicating  strong  site  fidelity  and  defense  of  year- 
round  territories.  The  10  nests  observed  were  pouch 
shaped  and  constructed  with  plant  fibers;,  each  con¬ 
tained  two  eggs.  Nests  were  found  between  January 
and  April  when  the  Pantanal  is  flooded.  The  unusual 
breeding  season  of  the  Band-tailed  Antbird  appears  to 
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be  closely  associated  with  the  flooding  regime.  Re¬ 
ceived  9  January  2008.  Accepted  2  June  2008. 


Habitat  associations  of  many  neotropical 
birds  are  poorly  known  and  the  two  species  in 
the  genus  Hypocnemoides,  Band-tailed  Ant¬ 
bird  (H.  maculicauda )  and  Black-chinned 
Antbird  ( H .  melanopogon),  are  no  exception. 
The  range  of  Band-tailed  Antbirds,  although 
largely  confined  to  the  southern  Amazon  re¬ 
gion  (Zimmer  and  Isler  2003),  reaches  the 
northern  and  northwestern  border  areas  of  the 
Pantanal  floodplain  (Dubs  1992,  Tubelis  and 
Tomas  2003).  Species  in  the  genus  Hypocne¬ 
moides  are  known  to  be  insectivorous,  inhab¬ 
iting  humid  forest,  generally  near  water,  where 
a  suspended  pouch  nest  is  constructed  (Davis 
1949,  Schubart  et  al.  1965,  Parker  1982,  Rem- 
sen  and  Parker  1983,  Willis  1984,  Terborgh  et 
al.  1990,  Ridgely  and  Tudor  1994,  Zimmer 
and  Isler  2003).  Band-tailed  Antbirds  are  nor¬ 
mally  found  near  water  in  the  undergrowth  of 
varzea  and  swampy  forests  near  the  wooded 
margins  of  sluggish  lakes  and  streams,  but 
also  inhabit  gallery  forests  (Remsen  and  Park¬ 
er  1983,  Terborgh  et  al.  1990,  Ridgely  and 
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Tudor  1994,  Zimmer  and  Isler  2003).  Num¬ 
bers  of  Band-tailed  Antbirds  in  southeastern 
Peru  increase  around  edges  of  oxbow  lakes 
during  the  dry  season  (Jul-Oct)  when  many 
woodland  streams  and  swamps  become  dry 
(Parker  1982).  These  seasonal  movements 
triggered  by  flooding  dynamics  suggest  that 
similar  movements  may  occur  in  the  season¬ 
ally-flooded  wetlands  of  the  Brazilian  Pantan- 
al. 

Previous  studies  assessing  patterns  of  hab¬ 
itat  use  and  demographic  aspects  of  Band¬ 
tailed  Antbirds  were  restricted  to  the  Amazon 
Basin  (Terborgh  et  al.  1990,  Robinson  and 
Terborgh  1997)  and,  to  date,  there  is  no  in¬ 
formation  on  habitat  preferences,  movements, 
and  breeding  aspects  for  this  species  in  the 
Pantanal  region.  Our  objectives  are  to:  (1)  pre¬ 
sent  information  about  habitat  use  and,  (2)  in¬ 
vestigate  the  possibility  of  local  movements 
by  Band-tailed  Antbirds.  We  also  present  the 
first  description  of  the  nest,  eggs,  and  nest¬ 
lings  of  this  species. 

METHODS 

Study  Area. — The  Pantanal  includes  the 
low-altitude  floodplain  of  the  Paraguay  River 
and  its  tributaries,  and  is  subjected  to  regular 
flooding  (Mittermeier  et  al.  1997).  The  area 
studied  was  in  the  Pocone  subregion  of  Pan¬ 
tanal  (Adamoli  1982),  and  data  were  gathered 
in  Pirizal  County,  Municipality  of  Nossa  Se- 
nhora  do  Livramento,  Mato  Grosso,  Brazil 
(16°  14-23' S,  56°  17-22' W  [Pinho  et  al. 
2006]). 

The  climate  in  the  area  is  highly  seasonal. 
The  rainy  season,  with  rain  almost  daily,  lasts 
from  October  to  April  (Tarifa  1986).  The  re¬ 
maining  months  are  dry  and  usually  hot 
(>35-40°  C).  The  area  is  subject  to  moderate 
flooding,  and  the  flooding  regime  can  be  di¬ 
vided  in  three  distinct  periods:  (1)  flooded 
from  January  to  April  with  water  as  high  as 
1.2-1 .5  m,  (2)  runoff  from  May  to  August 
when  water  levels  slowly  decrease,  and  (3) 
low-water  from  September  to  December  when 
water  levels  are  relatively  constant  at  their 
lowest  level.  The  dry  season  (May-Sep) 
largely  corresponds  to  the  runoff  period,  not 
to  the  low-water  period. 

The  vegetation  consists  of  a  mosaic  of  for¬ 
est  patches,  savannah-like  vegetation,  perma¬ 
nent  and  seasonally-dry  lakes,  and  secondary 


vegetation.  The  most  common  forest  types  are 
(1)  Cordilheira — deciduous  to  semi-decidu- 
ous  strips  (<100  m  wide)  of  forest  that  grows 
on  sinuous  remains  of  paleo-levees  several  ki¬ 
lometers  in  length,  reaching  1-2  m  above  the 
surrounding  seasonally  inundated  plains. 
These  elevations  are  not  subject  to  inundation. 
Typical  plant  species  are  Petiveria  alliaceae 
(Phytolaccaceae),  Adelia  membranifolia  (Eu- 
phorbiaceae),  and  dense  stands  of  a  terrestrial 
bromeliad,  Bromelia  balansae  (Bromeliaceae) 
(Nunes  da  Cunha  et  al.  2007).  (2)  Cambara- 
zal — seasonally  flooded  semi-evergreen  for¬ 
ests  dominated  by  Vochysia  divergens  (Voch- 
ysiaceae)  (Nascimento  and  Nunes  da  Cunha 
1989,  Nunes  da  Cunha  et  al.  2007).  (3)  Lan- 
di — seasonally  flooded  thickets  bordering 
shallow  natural  channels  that  provide  drainage 
during  the  flood  period  but  become  dry  during 
low-water  periods.  Typical  plant  species  in¬ 
clude  Licania  parvifolia  (Chrysobalanaceae), 
Alchornea  discolor,  Mabea  sp.  (Euphorbi- 
aceae),  and  Calophyllum  brasiliensis  (Gutti- 
ferae)  (Ribeiro  1999,  Nunes  da  Cunha  et  al. 
2007).  (4)  Carvoeiro — deciduous  forests 
dominated  by  Callisthene  fasciculata  (Voch- 
ysiaceae)  with  mean  canopy  of  8-14  m  in 
height;  the  soil  is  covered  by  sparse  grasses 
with  dense  stands  of  Bromelia  balansae 
(Guarim  et  al.  2000,  Nunes  da  Cunha  et  al. 
2007).  Riparian  forests  were  also  present,  but 
were  not  consistently  sampled. 

Data  Collection. — We  evaluated  habitat  use 
by  Band-tailed  Antbirds  by  mist-netting  and 
conducting  censuses  in  the  four  forest  types 
(3  patches  of  each  forest  type,  except  only  2 
patches  in  Carvoeiro).  The  mean  (±  SE)  patch 
size  of  each  forest  type  was  1 1 .0  ±  1 .0  ha  for 
Cordilheira,  91.5  ±  2.2  ha  for  Cambarazal, 
13.6  ±  2.4  ha  for  Lpndi,  and  53.9  ha  for  Car¬ 
voeiro. 

Mist  netting  (10  nets  of  12  X  2.6  m,  mesh 
size  36  mm)  was  conducted  every  month  from 
September  1999  to  December  2000,  and  dur¬ 
ing  February,  April,  June,  and  August  2001. 
Nets  were  in  the  same  location,  and  each  for¬ 
est  patch  was  sampled  once  each  month.  Nets 
were  open  from  0600  to  1100  hrs,  and  all  cap¬ 
tured  birds  were  color-banded.  Netting  effort 
was  3,000  mist-net  hrs  (3  patches  X  20 
months  X  5  hrs  per  sampling  period  X  10 
nets)  in  each  forest  type  except  in  Carvoeiro, 
where  netting  effort  was  2,000  mist-net  hrs  (2 
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FIG.  1.  Monthly  distribution  of  Band-tailed  Antbird  records  in  Cambarazal  and  Landi  forest  habitats  in  the 
Brazilian  Pantanal.  Bars:  mean  number  of  records  during  the  census  (data  for  2000—2001  pooled  for  both  forest 
types,  Feb  not  sampled).  Line:  mean  number  of  mist-net  captures  (1999-2001). 


X  20  X  5  X  10).  Birds  opportunistically  mist- 
netted  from  March  to  August  1999  and  2002— 
2006  were  also  banded. 

We  conducted  point  count  censuses  (3-4 
points/forest  patch)  following  Bibby  et  al. 
(1997)  from  April  2000  to  January  2001,  and 
during  March,  May,  July,  and  September 
2001.  All  months  were  sampled  except  Feb¬ 
ruary,  when  high  water  levels  prevented  ac¬ 
cess/ We  established  12  points  in  Cordilheira, 
1 1  points  each  in  Cambarazal  and  Landi,  and 
eight  points  in  Carvoeiro.  Each  point  was 
sampled  for  10  min/month  and  all  points 
were,  when  possible,  50  m  from  forest  borders 
and  150  m  from  each  other.  Censuses  were 
conducted  between  0600  and  0900  hrs.  The 
total  sampling  effort  was  1,680  min  in  Cor¬ 
dilheira  (12  points  X  14  months  X  10  min), 
1,540  min  each  in  Cambarazal  and  Landi  (11 
X  14  X  10),  and  1,120  min  in  Carvoeiro  (8 
X  14  X  10). 

We  searched  for  nests  from  August  to  De¬ 
cember  2001-2002  (3,072  hrs)  without  suc¬ 
cess.  We  located  a  Band-tailed  Antbird  nest  in 
January  2006  and  continued  to  search  for  ad¬ 
ditional  nests  during  January-May  2006  in 
habitats  where  antbirds  had  been  regularly  ob¬ 
served.  Values  are  presented  as  means  ±  1 
SE. 


RESULTS 

Habitat  Use. — We  captured  Band-tailed 
Antbirds  in  mist  nets  on  34  occasions  (Fig.  1 ) 
with  similar  numbers  of  captures  in  Cambar¬ 
azal  (11  captures  and  5  recaptures)  in  April, 
July,  August,  September,  November,  and  De¬ 
cember  and  Landi  (11  captures  and  7  recap¬ 
tures)  in  February,  March,  April,  May,  June, 
August,  September,  October,  and  November. 
No  antbirds  were  captured  in  Cordilheira  and 
Carvoeiro  forests.  Capture  rates  were  0.0053 
and  0.0060  birds/net  hr  in  Cambarazal  and 
Landi,  respectively. 

We  recaptured  21  birds  including  data  from 
opportunistic  mist-netting  with  a  mean  inter¬ 
val  between  recaptures  of  10.1  ±  2.4  months. 
Only  two  birds  were  recaptured  in  a  forest 
patch  other  than  where  first  captured  (in  forest 
patches  —800  and  3,000  m  apart,  respective¬ 
ly).  No  individual  captured  in  one  forest  type 
was  recaptured  in  a  different  forest  type.  Six 
individuals  were  captured  3-5  times  in  the 
same  forest  patch,  suggesting  site  fidelity.  The 
maximum  interval  between  recaptures  was  47 
months,  providing  a  minimum  estimate  of 
longevity  for  this  species. 

Most  detections  during  point  count  census¬ 
es  were  in  Landi  (n  =  15  detections  at  8  dif¬ 
ferent  points)  followed  by  Cambarazal  in  = 
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FIG.  2.  Nest,  egg,  and  nestling  of  the  Band-tailed  Antbird  ( Hypocnemoides  maculicauda )  in  the  Brazilian 
Pantanal . 


7  detections  at  6  points).  No  Band-tailed  Ant- 
birds  were  observed  in  either  Carvoeiro  or 
Cordilheira  forests. 

Data  for  both  Cambarazal  and  Landi  were 
pooled  as  there  was  no  evidence  of  regular 
local  movements  between  forest  types.  More 
birds  were  captured  (or  recaptured)  in  mist 
nets  during  the  second  half  of  the  year,  but 
censuses  revealed  no  consistent  pattern  of  sea¬ 
sonal  fluctuation  in  abundance  (Fig.  1). 

Nest  Description. — We  located  10  Band¬ 
tailed  Antbird  nests  with  the  first  found  under 
construction  on  15  January  2006  and  the  last 
active  nest,  with  two  nestlings,  found  on  14 
April  2006.  We  found  six  nests  in  Cambara¬ 
zal,  three  in  flooded  riparian  forest,  and  one 
in  Landi.  All  nests  were  pouch-shaped  and 
constructed  with  firmly-braided  black  plant  fi¬ 
bers  from  the  thin  aerial  roots  of  the  cipo  de 
arraia  ( Cissus  spinosa  and  C.  sicyoides,  Vi- 
taceae).  Nests  had  an  oblique  entrance  due  to 


differences  between  the  front  and  back  of  the 
nest  (Fig.  2).  All  nests  were  pensile  and  sus¬ 
pended  from  near  the  rim  that  was  woven  onto 
thin  (<1  cni)  branches.  Mean  measurements 
(n  =  9  nests)  were:  16.6  ±  0.4  cm  long,  7.4 
±  0.4  cm  deep  (egg  chamber),  8.0  ±  0.4  cm 
maximum  external  width,  and  4.4  ±  0.3  cm 
maximum  internal  width. 

All  nests  were  in  shrubs  in  flooded  areas. 
Water  levels  changed  considerably  during  the 
nesting  period  and,  with  one  exception,  all 
nests  were  no  more  than  a  few  centimeters 
above  the  water  (mean  =  18.1  ±  2.9  cm).  One 
nest  in  a  riparian  forest  was  1.5  m  above  the 
water.  Shrubs  in  which  nests  were  located  in¬ 
cluded  Licania  parvifolia  (Chrysobalanaceae, 
n  =  8),  Bauhinia  sp.  (Caesalpiniaceae,  n  =  1), 
and  Alibertia  sp.  (Rubiaceae,  n  =  1).  Band¬ 
tailed  Antbirds  generally  constructed  nests  in 
moderately-open  areas,  apparently  avoiding 
patches  of  dense  vegetation.  One  or  two  old 
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abandoned  nests  were  usually  observed  in  the 
same  tree  where  active  nests  were  found,  often 
on  the  same  branch.  A  male  was  observed 
constructing  its  nest  during  the  single  event  of 
nest  construction  observed.  Two  nests  and  two 
eggs  were  collected  and  deposited  in  the  or¬ 
nithological  collection  of  the  Zoological  In¬ 
stitute  of  the  Universidade  Federal  de  Mato 
Grosso. 

Eggs  and  Nestlings. — All  clutches  (n  =  10) 
consisted  of  two  eggs  with  a  dark  overall  ap¬ 
pearance.  The  ground  color  was  pinkish,  and 
eggs  were  completely  marbled  with  dark  vi¬ 
olaceous  spots  that  completely  obscured  the 
thicker  end  (Fig.  2).  Both  collected  eggs  were 
ovoid,  measuring  14.0  X  18.9  mm  and  14.4 
X  19.3  mm,  and  weighing  2.4  and  2.6  g,  re¬ 
spectively. 

One-day-old  nestlings  were  completely  na¬ 
ked  with  purplish-black  skin  and  a  whitish- 
yellow  bill.  The  upper  bill  was  gray  and  gape 
coloration  was  yellowish  orange.  Older  nest¬ 
lings,  probably  1  week  of  age,  were  covered 
with  pin  feathers,  but  lacked  downy  feathers 
(Fig.  2).  Both  males  and  females  were  ob¬ 
served  incubating  and  brooding. 

DISCUSSION 

Band-tailed  Antbirds  exhibited  preference 
for  seasonally  flooded  forests  ( Landi  and 
Cambarazal )  and  avoidance  of  drier  habitats 
( Carvoeiro  and  Cordilheira)  even  during  the 
wet  season.  Zimmer  and  Isler  (2003)  reported 
similar  behavior  for  this  species,  which  is  de¬ 
pendent  on  the  proximity  of  water,  where  it 
forages  amidst  the  tangles  of  branches  com¬ 
mon  in  these  areas  (Ridgely  and  Tudor  1994, 
Sick  1997).  We  observed  no  seasonal  move¬ 
ments  between  forest  types.  The  absence  of 
between-habitat  or  long-distance  movements, 
together  with  apparent  site  fidelity,  suggests 
Band-tailed  Antbirds  defend  year-round  terri¬ 
tories,  a  common  strategy  among  antbirds 
(Greenberg  and  Gradwohl  1986,  Skutch  1996, 
Gorrell  et  al.  2005,  Duca  et  al.  2006). 

Capture  rates  of  Band-tailed  Antbirds  were 
relatively  low,  probably  due  to  the  low  density 
in  the  study  area.  Previous  studies  have  found 
the  density  of  this  species  in  western  Ama¬ 
zonia  to  be  0.5  pairs/100  ha  in  a  mid  succes- 
sional  forest  (Terborgh  et  al.  1990)  and  2.5 
pairs/100  ha  in  an  early  successional  forest 
(Robinson  and  Terborgh  1997).  We  have  no 


density  estimates  for  our  study  area,  but  if  we 
assume  the  local  density  was  similar  to  the 
physiognomically  similar  early  successional 
Amazonian  forests  and  considering  size  of 
forest  patches  sampled,  we  would  have  about 
one  pair  in  each  Landi  patch  and  two  to  three 
pairs  in  each  Cambarazal  patch  sampled. 

Capture  rates  were  lower  from  January  to 
July,  a  pattern  similar  to  that  also  observed  in 
the  study  area  for  resident  Mato  Grosso  Ant¬ 
birds  (Cercomacra  melanaria)  (Pinho  et  al. 
2006).  Low  capture  rates  for  Mato  Grosso 
Antbirds  were  probably  due  to  a  shift  in  ac¬ 
tivities  (e.g.,  foraging)  to  higher  forest  strata 
during  flooding  (Jan-Apr)  when  water  levels 
rise  to  1.2  m  (Pinho  et  al.  2006).  This  shift 
could  explain  the  lower  number  of  captures  of 
Band-tailed  Antbirds  during  the  flooded  peri¬ 
od.  An  alternative  hypothesis  is  that  adults 
may  be  less  mobile  during  these  months  (i.e., 
because  their  activity  may  be  focused  in  the 
vicinity  of  nests  and  young). 

The  breeding  period  of  Band-tailed  Ant¬ 
birds  was  from  January  through  April  when 
the  study  area  was  flooded.  Most  passerines 
in  the  Pantanal  breed  from  August  to  Decem¬ 
ber,  coinciding  with  the  start  of  the  rainy  sea¬ 
son  (Pinho  2005).  Most  passerines  in  the  Cer- 
rado  and  the  Atlantic  Forest  also  breed  from 
August  to  December  (Marini  and  Duraes 
2001,  Lopes  and  Marini  2005,  Medeiros  and 
Marini  2007)  suggesting  that  rain  rather  than 
flooding  influences  timing  of  reproduction. 
However,  breeding  by  Band-tailed  Antbirds 
may  be  triggered  by  the  flooding  regime  as 
suggested  by  the  unusual  close  association  be¬ 
tween  flooding  and  the  breeding  period.  To 
our  knowledge,  this  is  the  only  passerine  in 
the  study  area  that  exhibits  this  distinctive  re¬ 
productive  strategy. 

The  only  published  data  on  breeding  of 
Band-tailed  Antbirds  consists  of  records  of 
adults  feeding  stub-tailed  juveniles  during  the 
low-water  period  (Aug)  in  the  lower  Rio  Ja- 
vari,  Brazil  (Zimmer  and  Isler  2003),  where 
flooding  ceases  in  May-June  (Oliveira  2007). 
This  apparent  difference  in  the  association  be¬ 
tween  flooding  regime  and  reproductive  strat¬ 
egy  between  Pantanal  and  Amazonia  remains 
to  be  investigated.  Another  Band-tailed  Ant- 
bird  nest  found  in  Cantao  State  Park  (09°  16' 
S,  50°  00'  W)  in  central  Brazil  on  22  May 
2006  (T.  Dornas,  pers.  comm.)  corroborates 
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the  atypical  breeding  season  of  this  species. 
This  nest  was  ~1  m  high  in  an  area  subject 
to  regular  flooding  (~1  m  water  depth  when 
found)  and  contained  two  fully  grown  nest¬ 
lings. 
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First  Record  of  Nest  and  Eggs  of  the  Pale-naped  Brush  Finch 
(. Atlapetes  pallidinucha ) 


Camilo  A.  Peraza1'2 


ABSTRACT. — Few  nests  and  eggs  for  the  genus  At¬ 
lapetes  (Emberizinae)  have  been  described.  I  describe 
the  first  nest  and  egg  for  the  Pale-naped  Brush  Finch 
(. Atlapetes  pallidinucha ).  The  nest  was  a  bulky  open 
cup  similar  to  those  for  other  species  in  the  genus  Af- 
lapetes,  but  differed  from  that  of  A.  melanocephalus. 
The  egg  resembled  those  of  A.  albinucha,  A.  leucopis, 
and  A.  latinuchus  demonstrating  the  variability  among 
the  genus.  Nesting  appears  to  be  associated  with  the 
second  peak  of  rains  of  the  year.  Received  6  September 
2005.  Accepted  20  June  2008. 


Little  is  known  about  the  nests,  eggs, 
young,  and  breeding  behavior  of  members  of 
the  genus  Atlapetes,  which  comprises  27  spe¬ 
cies  in  Central  and  South  America  (AOU 
1998,  Remsen  et  al.  2008).  Published  records 
of  nests  and  eggs  are  available  only  for  six 
and  seven  species,  respectively.  This  infor¬ 
mation  is  helpful  when  studying  systematics, 
phylogeny,  and  life-history  traits  between  sub¬ 
groups  within  the  genus  and  related  genera  of 
birds  (Winkler  and  Sheldon  1993,  Collias 
1997,  Sheldon  and  Winkler  1999,  Zyskowski 
and  Prum  1999,  Winkler  2000). 

The  Pale-naped  Brush  Finch  (. Atlapetes  pal¬ 
lidinucha)  is  a  common  resident  of  temperate 
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forests,  Andean  cloud  forests,  bushy  forest 
edges,  stunted  shrubby  second  growth,  dwarf 
forest,  bamboo  thickets,  and  brush  up  to  tree 
line  (paramo  zone)  from  Venezuela  to  Ecua¬ 
dor  and  Peru.  It  usually  occurs  from  1,700  to 

3.800  m  above  sea  level,  but  is  more  common 
between  2,000  and  3,100  m  (Paynter  1978, 
Hilty  and  Brown  1986,  Ridgely  and  Tudor 
1989,  Fjeldsa  and  Krabbe  1990,  Ridgely  and 
Greenfield  2001,  Hilty  2003).  Brush  Finches 
with  enlarged  gonads  have  been  reported  by 
Hilty  and  Brown  (1986),  and  Fjeldsa  and 
Krabbe  (1990)  from  February  to  September  in 
the  central  and  eastern  Andes  of  Colombia. 
These  authors  also  report  that  begging  young 
of  A.  pallidinucha  have  been  found  in  March 
(Huila,  Parque  Nacional  Natural  Purace — pa- 
pallactae),  and  fledglings  as  well  as  juveniles 
becoming  adults  in  January,  March,  and  May 
(Cauca — papallactae )  into  June  (Cundinamar- 
ca — pallidinucha).  The  purpose  of  this  paper 
is  to  describe  the  first  nest  and  egg  of  the  Pale- 
naped  Brush  Finch  (A.  p.  pallidinucha)  in  Co¬ 
lombia. 

OBSERVATIONS 

I  found  an  A.  p.  pallidinucha  nest  in  second 
growth  vegetation  along  the  border  of  an  old 
road  (Fig.  1A)  during  routine  bird  censuses  in 
the  northeastern  Bogota,  D.C.  Mountains 
(Usaquen),  Colombia  (04°4LN,  74°01'W; 

2.800  m  elevation).  The  precipitation  in  this 
area  is  bimodal  with  peaks  of  rain  in  April- 
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FIG.  1.  Nest  placement,  nest,  and  egg  of  Atlapetes  p.  pallidinucha  in  Cundinamarca,  Colombia.  (A)  Second 
growth  vegetation  by  old  road  where  nest  was  found.  (B)  Bulky  open  cup  nest  of  dry  twigs  and  grasses.  (C) 
Lateral  view  of  the  egg  of  Pale-naped  Brush  Finch.  (D)  View  of  larger  end  of  the  egg.  Photographs  (A  and  B) 
by  the  author,  and  scanned  images  (C  and  D)  by  Tomas  Bolanos  and  the  author. 


May  and  October-November,  and  dry  seasons 
in  January-February  and  July-August  (Mora- 
Osejo  1995).  I  first  located  the  nest  on  5  Oc¬ 
tober  2000,  although  I  suspected  its  presence 
on  19  September  when  I  flushed  the  adult.  The 
nest,  egg,  and  one  adult  were  collected  on  6 
October,  and  have  been  deposited  in  the  or¬ 
nithological  collection  of  the  Instituto  de 
Ciencias  Naturales  (ICN),  Universidad  Na- 
cional  de  Colombia,  Bogota  (ICN-N183,  ICN- 
H095,  ICN-34501,  respectively).  The  general 
vegetation  around  the  nesting  site  was  dense, 
low  (<5  m)  native  scrub  (“Matorral  Nativo”) 
(Asociacion  Bogotana  de  Ornitologfa  2000) 
with  a  few  dispersed  plants  of  Cytisus  mon- 
spessulanus,  Ulex  europaeus,  and  Oxalis  min- 
utiflora. 

The  nest  was  concealed  in  a  dense  thicket 
of  grasses,  40  cm  above  the  ground  (to  the  top 
of  nest).  The  nest  was  a  bulky  open  cup,  main¬ 
ly  of  dry  twigs  and  grasses  (Fig.  IB);  the  base 
was  covered  with  mosses  and  a  few  dry  leaves 
of  bamboo  ( Chusquea  sp.)  were  attached 
around  the  outside.  The  nest  lining  was  thin, 
dry  grass  leaves  that  formed  a  tightly  inter¬ 
woven  soft  surface.  Tall  grasses  ( 1 .5  m  high) 


and  one  bamboo  supported  the  nest  base  and 
protected  it  by  providing  a  roof-like  covering. 
Two  evident  paths  through  the  vegetation  used 
for  entrance  were  on  opposite  sides  of  the 
nest.  A  third  entrance  at  the  top  was  suspect¬ 
ed,  because  the  bird  collected  arrived  at  the 
nest  even  though  the  thicket  was  completely 
surrounded  by  a  mist  net  with  only  a  small 
opening  close  to  the  bamboo.  The  nest  mea¬ 
surements  were;  external  diameter  =  12.0  cm, 
internal  diameter  =  6.5  cm,  outside  height  = 
10.0  cm,  and  depth  at  center  =  6.0  cm.  The 
nest  contained  one  pale  greenish  blue  egg  cov¬ 
ered  with  brownish-ocher  and  blackish-lilac 
blotches  of  different  sizes  and  shapes,  and 
concentrated  around  the  larger  end  (Fig.  1C, 
D).  The  egg  was  25.0  X  16.9  mm  and 
weighed  3.45  g.  It  was  being  incubated  and 
contained  an  embryo  in  the  first  stages  of  de¬ 
velopment  (ca.  stage  30,  egg  contents  weighed 
1 .96  g);  no  other  eggs  were  present  in  the  ovi¬ 
duct  of  the  female  collected,  suggesting  a 
clutch  size  of  one  egg. 

The  bird  collected  was  an  adult  female 
(100%  skull  pneumatization),  weighing  34.7  g 
with  a  developed  brood  patch,  little  body  fat, 
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and  a  stomach  full  of  insects.  Two  birds  (pre¬ 
sumably  the  paired  male  and  female)  were 
present  when  I  encircled  the  nest  site  with  a 
mist  net,  and  gave  a  long  series  of  rapid  high- 
pitched  trills  and  sibilant  notes  at  the  nest  site. 
They  fluttered  rapidly  around  the  nest  in  ap¬ 
parent  distraction  displays  but  did  not  ap¬ 
proach  within  1  m  of  the  nest. 

Two  additional  pairs  and  a  single  individual 
carrying  two  long  dry  grass  leaves  were  ob¬ 
served  in  the  same  area  from  19  September  to 
13  October.  The  ICN  ornithological  collection 
houses  two  specimens  from  this  locality.  Both 
were  collected  on  30  October  1952  by  Anto¬ 
nio  Olivares  and  represent  a  possible  female 
(ICN-3208)  and  a  juvenile  male  (ICN-3209). 

DISCUSSION 

The  nest  was  in  habitat  where  the  species 
has  been  recorded  as  a  common  resident 
(Paynter  1978,  Hilty  and  Brown  1986,  Rid- 
gely  and  Tudor  1989,  Fjeldsa  and  Krabbe 
1990,  Remsen  and  Graves  1995,  Ridgely  and 
Greenfield  2001,  Hilty  2003).  Breeding  infor¬ 
mation  for  A.  pallidinucha,  as  well  as  those 
for  other  species  occurring  in  the  paramo  zone 
(CAP,  unpubl.  data)  suggests  that  September 
to  October  is  the  breeding  season,  which 
matches  the  beginning  of  the  second  peak  of 
rain  in  the  year. 

The  nest  placement  height  is  one  of  the 
lowest  known  for  an  Atlapetes  species  with 
the  exception  of  A.  albinucha.  Nest  height 
placement  in  the  genus  is  usually  from  0  to  8 
m  above  the  ground  (Table  1)  with  a  mean 
and  median  of  1.6  and  1.1  m,  respectively. 
This  suggests  members  of  this  genus  have  a 
preference  for  low  strata  in  which  to  build 
their  nests  (Table  1). 

Atlapetes  nests  are  usually  bulky,  open,  and 
cylindrical  to  ovate  cup  in  shape  (Fig.  IB,  Ta¬ 
ble  1).  The  construction  materials  and  lining 
of  the  nest  were  similar  to  those  reported  for 
other  species  in  the  genus  (Cherrie  1 892, 
Blake  1956,  Skutch  1967,  Stiles  and  Skutch 
1989,  Salaman  et  al.  1998,  Oppel  et  al.  2003, 
Cisneros-Palacios  2005).  However,  differenc¬ 
es  in  nest  placement  and  architecture  could  be 
a  consequence  of  correlation  with  environ¬ 
mental  factors  (Kern  and  van  Riper  1984, 
Franklin  1995)  and  material  availability  in  the 
surrounding  vegetation  (Zyskowski  and  Pram 
1999,  Oppel  et  al.  2003). 
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TABLE  2.  Length  (L),  width  (W),  and  LAV  ratio  of  Atlapetes  eggs.  The  egg  of  A.  pallidinucha  was  similar 
to  those  for  other  species  in  the  genus.  No  relationship  is  apparent  between  measurements  and  weight  of  species. 
When  n  >  1,  data  are  presented  as  x  (±  SD).  Species  names  follow  Remsen  et  al.  (2008).  NA  =  Information 
Not  Available.  "Data  for  A.  albinucha  from  Sclater  and  Salvin  (1879)  (Colombia),  Cherrie  (1892)  (Costa  Rica), 
Blake  (1956)  (Costa  Rica),  and  Skutch  (1945,  1967)  (Costa  Rica  and  Guatemala);  A.  leucopis  from  Salaman  et 
al.  (1998)  (Colombia  and  Ecuador);  A.  latinuchus  from  Sclater  and  Salvin  (1879)  (Colombia);  A.  pallidiceps 
from  Oppel  et  al.  (2003)  (Ecuador);  and  A.  citrinellus  from  Dinelli  (1918)  (Argentina),  Smyth  (1928)  (Argentina), 
and  Pereyra  (1951)  (Argentina).  Hlody  mass  data  (g)  are  from  Dunning  (1993)  {pallidinucha,  albinucha,  and 
latinuchus)  and  Paynter  (1972)  (pallidiceps). 


Species2 

n 

Length  (mm) 

Width  (mm) 

LAV  ratio 

Body  massb 

A.  pallidinucha 

i 

25.0 

16.9 

1.48 

35.50 

A.  albinucha 

25 

23.6  (0.70) 

17.4  (0.71) 

1.36  (0.05) 

33.97 

A.  leucopis 

1 

27.5 

18.5 

1.49 

A.  latinuchus 

NA 

24.1 

17.8 

1.35 

25.70 

A.  pallidiceps 

9 

24.0  (0.70) 

17.8  (0.50) 

1.35  (NA) 

32.30 

A.  citrinellus 

8 

23.5  (1.57) 

17.2  (0.76) 

1.37  (NA) 

Armani  (1985:316)  describes  an  apparent 
nest  of  A.  pallidinucha,  as:  “En  forme  de  cou¬ 
pe.  Exterieur:  aspect  compact  de  feuilles  se- 
chees,  lichens,  racines.  Interieur:  vegetaux 
plus  fins,  lichens.  Situe  dans  un  arbuste  bas 
ou  un  buisson  epais  couvert  de  vegetation  par¬ 
asite.”  Todd  and  Carriker  (1922:525)  reported 
a  nest  for  A.  melanocephalus  as  “made  of 
grass  and  rootlets,  domed  over,  and  placed  in 
a  low  bush  or  shrub.”  Salaman  et  al.  (1998: 
25)  reported  for  A.  leucopis  that  “D.  M.  Lys- 
inger,  observed  two  birds  carrying  nesting  ma¬ 
terial  into  a  10  cm  diameter  hole  in  a  large 
clump  of  moss,  ca.  8  meters  above  the 
ground.”  This  suggests  that  additional  field 
data  and  voucher  nests  for  species  in  the  ge¬ 
nus  are  needed.  Data  on  locality  are  not  pro¬ 
vided  by  Armani  (1985),  no  other  Atlapetes 
species  is  known  to  build  a  domed  nest  or  use 
cavities,  and  reported  sample  sizes  are  insuf¬ 
ficient  to  detect  a  pattern  for  species,  season, 
or  locality. 

Clutch  size  reported  for  Atlapetes  species 
varies  from  one  to  three,  but  most  commonly 
is  two  (Cherrie  1892,  Dinelli  1918,  Todd  and 
Carriker  1922,  Smyth  1928,  Pereyra  1951, 
Blake  1956,  Armani  1985,  Hilty  and  Brown 
1986,  B  inford  1989,  Stiles  and  Skutch  1989, 
Salaman  et  al.  1998,  Oppel  et  al.  2003).  The 
egg  that  I  found  resembled  those  reported  for 
A.  albinucha  in  Colombia  (Sclater  and  Salvin 
1879).  However,  egg  color  is  variable  in  At¬ 
lapetes  ranging  from  completely  white  in  A. 
melanocephalus  (Todd  and  Carriker  1922)  to 
pale  creamy  with  gradation  to  greenish  white 


in  A.  leucopis  (Salaman  et  al.  1998),  buffish 
white  to  light  bluish  in  A.  pallidiceps  (Oppel 
et  al.  2003),  or  whitish  rosy-pink  or  reddish- 
brown  in  the  latter  species,  A.  latinuchus ,  and 
A.  citrinellus  (Sclater  and  Salvin  1879,  Dinelli 
1918,  Smyth  1928,  Oppel  et  al.  2003).  Spots, 
blotches,  and  specks  on  eggs  are  also  variable 
within  the  genus,  and  are  found  anywhere, 
when  present,  but  principally  at  the  larger  end 
of  the  egg  (Dinelli  1918,  Smyth  1928),  or 
around  both  poles  (Oppel  et  al.  2003).  Differ¬ 
ences  between  eggs  of  Atlapetes  deserve  fur¬ 
ther  study.  There  was  little  variation  in  size  of 
the  egg  that  I  found  compared  with  those  from 
other  Atlapetes  species,  and  no  evident  rela¬ 
tion  was  found  between  egg  size  or  its  length/ 
width  ratio  and  the  body  mass  of  species  (Ta¬ 
ble  2). 
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“Fanning”  Behavior  and  Nesting  Biology  of  the  Least  Grebe 

Michael  Patrikeev1'2 


ABSTRACT. — I  report  previously  undocumented 
“fanning:  and  “crash-diving”  behavior  of  the  Least 
Grebe  ( Tachyhaptus  dominicus).  I  speculate  that  “fan¬ 
ning”  may  be  used  to  control  egg  temperature,  and 
may  be  related  to  “rearing"  and  “wing-quivering”  be¬ 
havior  known  for  some  South  American  grebes.  I  also 
summarize  information  on  nests,  clutch  size,  and  egg¬ 
covering  by  Least  Grebes  in  the  Lower  Rio  Grande 
Valley  of  south  Texas.  Received  29  January  2007.  Ac¬ 
cepted  24  July  2008. 


The  Least  Grebe  ( Tachybaptus  dominicus ) 
has  been  little  studied  (Storer  1992)  and  a  re¬ 
cent  monograph  (Fjeldsa  2004)  devoted  only 
a  few  pages  to  this  species.  I  report  two  as¬ 
pects  of  the  behavior  of  Least  Grebes  along 
with  additional  information  on  nesting  biolo¬ 
gy  in  south  Texas. 

METHODS 

I  observed  Least  Grebes  in  2005  in  Resaca 
El  Morillo  ( resaca  =  oxbow)  at  the  boundary 
between  Bentsen-Rio  Grande  Valley  State 
Park  and  El  Morillo  Tract  of  the  Lower  Rio 
Grande  Valley  National  Wildlife  Refuge  (ca. 
26°  09'  N,  98°  22'  W)  in  Hidalgo  County,  Tex¬ 
as.  The  resaca,  which  remained  dry  for  some 
years,  was  flooded  temporarily  in  2004  and 
2005  with  fluctuations  of  water  level.  The 
west  end  of  the  resaca  was  flooded  by  late 
April  2005,  including  a  mixed  woodland  of 
retama  ( Parkinsonia  aculeata),  huisache  (Aca¬ 
cia  farnesiana),  and  non-native  tamarisk  (Ta¬ 
mar  ix  ramosissima).  Depth  of  water  in  the 
flooded  woodland  did  not  exceed  0.5— 1.2  m, 
although  it  reached  at  least  1.5  m  in  central 
parts  of  the  resaca.  Shallow  areas  along  the 
edges  were  bordered  by  reeds  (Phragmites 
spp.).  I  made  observations  of  nesting  Least 
Grebes  on  1 1  visits  to  the  flooded  woodland 
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and  other  nesting  sites  between  22  May  and 
12  July  2005,  and  observed  two  nests  from  a 
blind  for  a  total  of  10  hrs  (13  Jun,  2  Jul,  and 
3  Jul).  Another  grebe  pair  was  monitored  from 
an  observation  tower  at  the  edge  of  the  resaca. 

OBSERVATIONS 

Least  Grebes  colonized  the  flooded  area  in 
late  April  2005.  I  found  1 1  nests  with  eggs 
belonging  to  at  least  seven  pairs  between  28 
May  and  12  July.  Seven  nests  were  in  a  loose 
colony  in  the  flooded  retama-huisache  wood¬ 
land,  three  in  a  completely  open  situation,  and 
one  in  sparse  reeds.  Most  trees  in  the  flooded 
woodland  retained  leaves  and,  thus,  all  nests 
in  that  area  were  in  shade.  Distances  between 
nearest  nests  in  the  colony  varied  from  1 1  to 
33  m  (x  ±  SD  =  20.8  ±  8  m). 

Behavior. — I  observed  two  forms  of  behav¬ 
ior  previously  unreported  for  this  species. 
“Fanning”  behavior  occurred  eight  times  at 
one  nest  on  13  June  between  1230  and  1330 
hrs  CST  when  the  ambient  temperature 
reached  35°  C.  A  grebe  would  climb  onto  the 
nest  and  stand  facing  the  perimeter  of  the  nest 
with  its  back  to  the  eggs  which  were  covered 
with  wet  vegetation.  The  grebe  then  would 
beat  its  wings  downwards  for  30—60  sec  (Fig. 
1),  presumably  to  cool  the  eggs,  and  then 
leave.  It  would  return  in  5—8  min  and  repeat 
the  procedure.  The  grebes  of  the  pair  were 
similar  in  appearance,  and  I  could  not  ascer¬ 
tain  with  certainty  whether  both  members  of 
the  pair  demonstrated  “fanning”  behavior. 
Least  Grebes  at  Resaca  El  Morillo  used 
“crash-diving”  behavior  as  a  distraction  dis¬ 
play  when  I  was  examining  nests  with  eggs 
or  young  or  as  I  approached  broods.  This  in¬ 
volved  striking  of  wings  on  the  water  and  dis¬ 
appearing  with  a  splash. 

Nesting  Biology: — I  observed  a  copulation 
platform  being  built  on  29  April  and  copula¬ 
tion  on  the  platform  on  30  April.  All  nests  of 
Least  Grebes  at  El  Morillo  were  floating,  built 
in  areas  with  water  depth  of  0.4-1. 3  m  (x  ± 
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Fig.  1.  Least  Grebe  in  “fanning”  pose  at  nest  during  the  warmest  hours  of  the  day  at  Resaca  El  Morillo, 
Texas.  Photograph  by  Michael  Patrikeev. 


SD  =  0.6  ±  0.3  m ,  n  =  11)  although  the  level 
fluctuated.  Six  nests  in  the  flooded  woodland 
were  in  shallow  water  with  a  depth  of  0.4— 0.7 
m  (x  ±  SD  =  0.5  ±0.1  m).  Laying  in  three 
nests  commenced  on  27  May,  8  June,  and  10 
June.  Seven  full  clutches  contained  3,  4,  4,  5, 
5,  5,  and  5  eggs  (x  ±  SD  =  4.4  ±  0.7).  Eggs, 
including  incomplete  clutches,  were  usually 
covered  with  vegetation  when  grebes  were  not 
incubating. 

I  observed  one  nest  from  0900  to  1330  hrs 
CST  on  13  June.  The  eggs  were  covered  from 
0900  to  1050  hrs,  but  the  grebes  did  not  in¬ 
cubate.  One  was  guarding  the  nest,  often  re¬ 
maining  motionless  on  the  water  by  the  nest 
for  10  min  or  longer.  The  grebe  would  peri¬ 
odically  climb  onto  the  nest  to  adjust  the  veg¬ 
etation  covering  the  eggs  and  then  depart.  One 
grebe  uncovered  and  turned  the  eggs  at  1050 
hrs,  and  then  incubated  until  1 1 20  hrs  when 
it  was  replaced  by  its  partner.  The  second 
grebe  added  some  vegetation  to  the  nest  while 


the  first  grebe  incubated.  In  another  case, 
grebes  covered  and  uncovered  the  last  un¬ 
hatched  egg  twice  between  0900  and  1000  hrs 
CST,  and  adjusted  the  nesting  material,  but  did 
not  incubate.  The  egg  hatched  later  in  the  day. 
The  last  egg  of  another  nest  also  remained 
covered  until  hatched. 

All  five  eggs  in  each  of  two  nests  hatched; 
all  eggs  hatched  in  another  nest  found  when 
hatching  was  underway,  although  their  origi¬ 
nal  number  was  not  known.  All  eggs  in  close¬ 
ly  observed  nests  hatched,  but  two  broods  ob¬ 
served  at  nests  on  2  July  consisted  of  only  two 
and  three  young. 

DISCUSSION 

“Fanning”  behavior  possibly  indicated  fan¬ 
ning  or  cooling  of  the  eggs  as  the  ambient 
temperature  was  very  warm.  The  eggs,  how¬ 
ever,  remained  covered  (the  nest  under  obser¬ 
vation  was  in  shade),  and  I  speculate  that 
“fanning”  helped  prevent  the  eggs  from  over- 
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heating.  “Fanning”  behavior  has  not  been 
previously  recorded  in  grebes,  including  other 
members  of  genus  Tachybaptus  that  live  in 
tropical  environments  (Fjeldsa  2004).  How- 
ever,  it  may  be  normal  for  Least  Grebes  which 
nest  during  the  warmer  periods  of  the  year 
(e.g.,  usually  between  Apr  and  Aug  in  Texas; 
Oberholser  1974).  Cooling  of  eggs  was  not 
recorded  for  Pied-billed  Grebes  ( Podilymbus 
podiceps )  nesting  in  the  Imperial  Valley  of 
southern  California  (Davis  et  al.  1984).  Those 
grebes  would  cover  their  eggs  and  leave  for 
the  day  (Davis  et  al.  1984). 

There  are  similarities  between  the  “fan¬ 
ning”  behavior  I  observed  and  “rearing”  and 
“wing-quivering”  behaviors  reported  for  sev¬ 
eral  South  American  grebes  (e.g.,  White-tuft¬ 
ed  Grebe  [Rollandia  rolland]  and  Silvery 
Grebe  [Podiceps  occipitalis ])  before  settling 
to  incubate  and  to  signal  preparedness  for  cop¬ 
ulation,  and  may  serve  to  lure  the  mate  to  the 
nest  (Fjeldsa  1985,  2004).  In  “rearing”,  a  bird 
stands  high  on  its  feet  with  the  body  quite 
upright,  the  neck  bent  with  the  bill  pointing 
down,  the  feathers  of  the  mantle  are  raised, 
and  the  wings  quivered.  “Wing-quivering”  is 
interpreted  as  a  way  of  shaking  water  from  the 
plumage  before  birds  settle  to  breed  or  incu¬ 
bate  (Fjeldsa  1985,  2004).  “Rearing”  behav¬ 
ior  has  not  been  reported  for  Least  Grebes  and 
may  have  developed  into  a  purposeful  fanning 
of  the  eggs  (Jon  Fjeldsa,  pers.  comm.).  The 
water  shaken  from  the  plumage  might  have 
wet  the  vegetation  covering  the  eggs,  and  con¬ 
tributed  to  thermoregulation.  More  studies  are 
needed  to  identify  the  possible  function  and 
frequency  of  this  behavior  in  Least  Grebes. 
“Crash-diving”  near  nests  is  known  for  many 
species  of  grebes  (Fjeldsa  1985,  2004),  but 
Storer  (1992)  did  not  report  it  for  the  Least 
Grebe. 


Llimona  and  del  Hoyo  ( 1 992)  reported  that 
grebes  cover  their  eggs  only  after  a  clutch  is 
complete  (i.e.,  upon  commencing  incubation), 
but  at  El  Morillo  incomplete  clutches  were 
also  covered.  Fjeldsa  (2004)  suggested  the 
main  reason  for  covering  is  to  camouflage  the 
eggs,  but  is  also  used  to  prevent  overheating 
through  evaporative  cooling  during  intense 
sunshine.  Perhaps  in  warm  environments. 
Least  Grebes  control  egg  temperature  by  cov¬ 
ering  incomplete  clutches  before  onset  of  in¬ 
cubation. 
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Eggshell  Thickness  Variation  in  Red-legged  Partridge  ( Alectoris  rufa ) 

from  Spain 

Aurora  M.  Castilla,12-6  Juan  Martinez  de  Aragon,1 2 3  Anthony  Herrel,4  and  Sdren  M0ller5 6 


ABSTRACT. — Eggshell  thickness  is  commonly 
used  as  an  indicator  of  habitat  quality  and  effects  of 
environmental  pollution  on  avian  reproduction.  We 
present  the  first  data  available  on  eggshell  thickness 
for  Red-legged  Partridge  ( Alectoris  rufa )  in  Spain.  We 
compared  eggshell  thickness  between  eggs  collected  in 
an  agricultural  area  (wild  eggs)  and  eggs  from  game 
farms  (farm  eggs).  Wild  eggs  had  shells  significantly 
thicker  (x  =  0.32  mm,  n  =  74)  than  farm  eggs  (x  = 
0.28  mm,  n  =  89),  despite  game  farm  partridges  being 
fed  a  diet  rich  in  calcium  and  not  exposed  to  agricul¬ 
tural  pollutants.  Eggshell  thickness  did  not  affect 
hatching  success  of  wild  partridges,  and  population  de¬ 
cline  observed  in  this  species  cannot  be  linked  to  re¬ 
duction  in  egg  viability  due  to  eggshell  thickness.  Re¬ 
ceived  8  February  2008.  Accepted  6  May  2008. 


Reduction  of  egg  viability  is  an  important 
cause  of  reproductive  failure  and  has  been 
suggested  to  contribute  to  decreases  of  bird 
populations  (Drent  and  Woldendorp  1989, 
Cooper  et  al.  2005).  Eggshell  quality  and  re¬ 
production  of  bird  species  is  greatly  affected 
by  levels  of  calcium  availability  (Graveland 
and  Drent  1997,  Dhondt  and  Hochachka  2001, 
Tilgar  et  al.  2005),  which  in  turn  can  be  af¬ 
fected  by  levels  of  pesticides  (Dauwe  et  al. 
2006)  or  acidification  (Nyb0  et  al.  1997,  Pol- 
lentier  et  al.  2007). 
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High  levels  of  pesticides  are  related  to  re¬ 
duction  in  eggshell  thickness  in  many  species 
(Bunck  et  al.  1985,  Peakall  and  Lincer  1996, 
Falk  et  al.  2006).  Thus,  eggshells  are  reason¬ 
able  indicators  of  polluted  areas,  and  can  be 
used  to  monitor  health  of  populations  over 
long  periods  (Falk  et  al.  2006).  However, 
long-term  thinning  of  eggshells  may  not  uni¬ 
versally  be  related  to  pollution.  A  large  de¬ 
cline  in  eggshell  thickness  in  different  species 
of  thrushes  ( Turdus  spp.)  from  different  coun¬ 
tries  has  been  observed  since  before  the  intro¬ 
duction  of  organochlorine  pesticides,  but  the 
cause  of  the  decline  is  still  unknown  (Green 
1998,  Scharlemann  2003). 

The  Red-legged  Partridge  ( Alectoris  rufa) 
has  been  decreasing  throughout  its  range 
(Meriggi  and  Mazzoni  2004  and  references 
herein).  Lack  of  reproductive  success  has  been 
mainly  attributed  to  food  scarcity  due  to  ag¬ 
ricultural  practices  and  nest  predation  (Potts 
1980).  However,  the  reproductive  biology  of 
this  species  is  poorly  known  (Cabezas-Dfaz  et 
al.  2005)  and  little  information  is  available 
about  eggshell  characteristics,  which  could  af¬ 
fect  reproductive  success. 

Our  objectives  were  to  measure  shell  thick¬ 
ness  of  eggs  of  Red-legged  Partridge  from  a 
wild  population  to  compare  with  those  from  a 
population  where  partridges  had  no  food  lim¬ 
itations,  were  putatively  not  subjected  to  ag¬ 
ricultural  pollution,  and  were  known  to  have 
high  hatching  success.  We  tested  the  predic¬ 
tion  that  eggshells  from  the  wild  population 
should  be  thinner  than  those  from  the  game 
farm  population. 

METHODS 

We  collected  depredated  and  deserted  eggs 
of  Red-legged  Partridge  in  the  wild  (Lleida, 
Catalonia,  northeast  Spain)  during  May  to 
September  2002  and  2003.  The  procedure  for 
locating  eggs  was  to  walk  slowly  through  the 
study  area  where  reproductive  pairs  and  in- 
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cubating  females  were  previously  observed, 
while  looking  under  bushes  and  herbs.  Most 
eggs  were  found  isolated  and  dispersed  in  the 
field.  Others  were  collected  with  the  help  of 
hunters,  game  keepers,  and  volunteers  in  an 
area  of  1,500  ha.  We  were  unable  to  distin¬ 
guish  if  isolated  eggs  belonged  to  the  same 
nest  or  not.  In  the  absence  of  knowledge  of 
predator  behavior,  substrate  inclination,  or  the 
distances  eggs  could  roll  when  pushed  from 
the  nest  by  sheep  (e.g.,  Castilla  and  Rodriguez 
2002),  we  assumed  that  all  eggs  are  indepen¬ 
dent  samples.  When  eggs  were  found  in  nests 
(. n  =  19),  only  a  single  egg  was  used  to  ex¬ 
clude  dependence  of  data. 

The  study  area  is  dominated  by  cultivated 
areas  mainly  cereals  (barley,  wheat,  and  oats), 
Prunus  dulcis  and  Olea  europaea ,  mixed  with 
grasses  and  woodlands  (e.g.,  Quercus  ilex,  Q. 
coccifera,  Q.  humilis ,  Rosmarinus  officinalis. 
Thymus  spp.).  The  area  is  used  for  livestock 
production  and  agricultural  crops  (cereal 
grains,  almonds,  and  olive  trees).  Seeds  treat¬ 
ed  with  fungicides  and  insecticides  are  used. 
These  seeds  are  consumed  by  partridges  (Cas¬ 
tilla  2003).  A  large  variety  of  herbicides  and 
fertilizers  (organic  and  mineral)  are  applied  on 
farm  fields  (Castilla  et  al.  2008b). 

We  obtained  89  partridge  eggs  from  game 
farms  in  central  Spain  (Burgos,  n  =  35)  and 
northeast  Spain  (Barcelona,  n  =  54).  Each  egg 
originated  from  a  different  individual.  Non- 
developed  eggs  were  infertile  and  unincubat¬ 
ed.  Unknown  eggs  were  infertile  or  aborted  in 
different  stages  after  incubation.  Both  farms 
were  near  urban  areas  and  far  from  agricul¬ 
tural  fields. 

We  opened  and  examined  the  content  of  in¬ 
tact  eggs  to  assess  if  they  were  developed  or 
not.  Eggs  having  yolk  or  small  embryos  <10 
days  development  and  depredated  eggs  having 
small  holes  from  which  a  developed  chick 
could  not  have  been  taken  by  predators  were 
classified  as  not  fully  developed  (Castilla  et 
al.  2008a).  Pieces  of  broken  eggs  found  in  the 
wild  were  classified  as  unknown,  because  we 
had  no  evidence  that  allowed  us  to  infer  their 
developmental  stage.  Non-developed  eggs  in 
game  farms  were  infertile  and  not  incubated. 
Unknown  eggs  were  aborted  during  incuba¬ 
tion  and  their  developmental  stage  was  not  as¬ 
certained. 

Eggshells  were  cleaned,  the  membrane  re¬ 


moved,  and  eggshell  thickness  measured 
around  the  equator.  All  measurements  were 
performed  by  the  same  person  using  a  micro¬ 
meter  (Mitutoyo)  to  the  nearest  0.001  mm. 

We  used  one-way  ANOVA  to  test  differ¬ 
ences  in  eggshell  thickness  by  developmental 
stages  and  from  different  sources.  Mean  val¬ 
ues  were  compared  with  a  post-hoc  test  (Fi¬ 
scher’s  protected  least  significant  difference,  P 
<  0.05).  Analyses  were  performed  using 
SPSS  V13  (Statistical  Package  for  the  Social 
Sciences,  Chicago,  Illinois,  USA). 

RESULTS 

Mean  eggshell  thickness  for  eggs  collected 
in  the  wild  was  0.329  mm  (SD  =  0.047,  range 
=  0.20-0.42  mm,  n  =  74).  Eggshell  thickness 
was  similar  for  eggs  from  the  two  game  farms 
for  development  stage  1  (Fl50  =  1 .07,  P  = 
0.310)  or  unknown  stage  (Fl  50  =  0.91,  P  = 
0.351),  and  we  pooled  the  data.  No  significant 
effect  of  development  stage  was  found  on 
eggshell  thickness  for  game  farm  eggs  (F2S6 
=  0.69,  P  =  0.512).  Mean  eggshell  thickness 
of  game  farm  eggs  was  0.284  mm  (SD  = 
0.03,  range  =  0.21-0.34  mm,  n  =  89).  Egg¬ 
shell  thickness  of  wild  ( n  =  74)  versus  game 
farm  eggs  ( n  =  89)  was  significantly  different 
(FU62  =  55.38,  P  <  0.001)  (Table  1). 

DISCUSSION 

Variation  in  egg  shell  thickness  has  not 
been  reported  to  our  knowledge  for  any  par¬ 
tridge  species  in  the  wild,  and  has  only  been 
reported  for  Rock  Partridge  ( Alectoris  graeca ) 
in  a  game  farm  (0.228  mm)  (Tilki  and  Saatci 
2004).  Body  size  and  egg  size  of  Rock  Par¬ 
tridge  are  similar  to  that  of  Red-legged  Par¬ 
tridge  (Cramp  and  Simmons  1980).  We  found 
that  eggshell  thickness  was  higher  for  wild 
birds  versus  the  game  farm  population,  despite 
females  in  game  farms  being  fed  a  calcium- 
rich  diet  and  were  not  exposed  to  farming  or 
agricultural  pollution.  Egg  size  and  wing  size 
of  wild  and  farm  Red-legged  Partridge  are 
similar  in  our  study  site  (Castilla  and  Pastor 
2002,  Castilla  and  Martinez  in  press),  but 
body  mass  of  game  farm  partridges  (398-496 
g)  is  higher  than  that  of  wild  partridges  (327- 
448  g)  of  —4-6  months  of  age  (Castilla  and 
Pastor  2002).  It  has  been  shown  that  stronger- 
thicker  eggs  correspond  to  heavier  bird  spe¬ 
cies  (Ar  et  al.  1979)'  but,  we  compared  pop- 
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TABLE  1.  Eggshell  thickness  (mm)  of  eggs  collected  in  the  wild  (Sanauja,  Lleida,  Spain)  or  in  game  farms 
(Barcelona:  B  and  Burgos:  BU,  Spain)  with  different  developmental  stages. 


Wild  (n  =  74) 

Game  farm  (n 

=  89) 

Not  developed 

Unknown 

Not  developed 

Unknown 

Deserted 

Depredated 

Depredated 

B 

BU 

B 

BU 

Mean 

0.25 

0.338 

0.332 

0.283 

0.276 

0.290 

0.280 

SD 

0.04 

0.04 

0.04 

0.02 

0.03 

0.03 

0.03 

Max 

0.29 

0.407 

0.419 

0.337 

0.325 

0.335 

0.331 

Min 

0.20 

0.254 

0.202 

0.241 

0.211 

0.239 

0.221 

n 

3 

24 

47 

31 

21 

23 

14 

ulations  of  about  the  same  body  size  and 
mass.  Female  partridges  in  game  farms  lay 
more  eggs  (x  =  50)  than  those  in  the  wild  (x 
=  10)  (Castilla  and  Rodriguez  2002;  game 
farms,  pers.  comm.),  which  may  result  in  egg¬ 
shell  thinning  in  game  farm  populations. 

Overall  hatching  success  in  game  farms  is 
high  (>80-90%,  game  farm  data).  We  ob¬ 
served  a  large  number  of  chicks  (8  tol4/brood 
in  the  wild  population)  after  the  hatching  pe¬ 
riod  in  May  (Castilla  and  Martinez  in  press), 
suggesting  that  hatching  success  may  also  be 
high  in  the  wild.  Eggshell  thickness  in  our 
wild  partridge  population  does  not  appear  to 
affect  hatching  success.  Thus,  the  population 
decline  that  has  been  observed  since  the  early 
1970s  in  our  study  site  should  not  be  linked 
to  the  reduction  in  egg  viability  due  to  egg¬ 
shell  thickness. 

Eggshell  thickness  may  not  be  implicated 
in  range-wide  declines  of  Red-legged  Par¬ 
tridge.  However,  our  finding  should  be  ex¬ 
plored  in  other  studies  conducted  at  larger 
scales.  Eggshell  thickness  and  hardness  can  be 
extremely  variable  due  to  factors  including 
pollution,  individual  female,  clutch  size,  se¬ 
quence  of  laying,  egg  characteristics,  devel¬ 
opmental  stage,  etc.  (Falk  and  Mpller  1990, 
Burger  et  al.  1995,  Massaro  and  Davis  2004, 
Gosler  et  al.  2005,  Higham  and  Gosler  2006, 
Kemps  et  al.  2006,  Castilla  et  al.  2007).  How¬ 
ever,  for  many  species  the  causes  of  eggshell 
thickness  variation  remain  unknown  (e.g.. 
Green  1998,  Scharlemann  2003).  More  basic 
research  is  needed  to  fully  understand  the  fac¬ 
tors  affecting  eggshell  thinning  in  bird  popu¬ 
lations. 
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Accidental  Egg  Removal  by  Incubating  Piping  Plovers 
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ABSTRACT. — Clutch  reduction  (the  disappearance 
of  1  or  more  eggs)  is  often  reported  in  studies  exam¬ 
ining  avian  reproductive  success  and  has  typically 
been  attributed  to  nest  predation.  We  recorded  clutch 
reductions  at  20  (11%)  of  188  Piping  Plover  ( Char - 
adrius  melodus )  nests  at  Chaplin  Lake,  Saskatchewan 
from  2002  to  2004.  Partial  clutch  reductions  were  ini¬ 
tially  assumed  to  be  the  result  of  predation.  However, 
all  egg  disappearances  at  three  nests  we  monitored  us¬ 
ing  video  cameras  were  due  to  accidental  removal  by 
incubating  parents.  Our  observations  suggest  that  ac¬ 
cidental  removal  may  occur  more  frequently  than  ex¬ 
pected  in  alkaline  environments,  and  are  likely  mis- 
classified  as  losses  due  to  predation.  Received  10  De¬ 
cember  2007.  Accepted  1  July  2008. 


Estimating  demographic  rates  and  identi¬ 
fying  factors  that  influence  these  rates  are  es¬ 
sential  for  understanding  population  ecology 
(Stearns  1992,  Miller  and  Knopf  1993,  Lukas 
et  al.  2004),  and  effectively  managing  wildlife 
species  (Samo  et  al.  1999).  A  large  proportion 
of  applied  ornithological  research  has  focused 
on  estimating  reproductive  success,  in  partic¬ 
ular  nest  survival  (Beauchamp  et  al.  1996, 
Knetter  et  al.  2002,  Davis  2003).  Critical  to 
this  understanding  is  the  correct  classification 
of  nest  fate.  Unfortunately,  logistical  con¬ 
straints  often  influence  nest  visitation  sched¬ 
ules  and  make  accurate  assessment  of  nest  fate 
difficult  (Pietz  and  Granfors  2000).  For  ex¬ 
ample,  reduction  in  clutch  size  between  nest 
visits  is  typically  attributed  to  predation,  but 
could  result  from  brood  parasitism  (Payne 
1977),  accidental  breakage  by  the  nest  owners 
themselves,  or  by  abiotic  factors  such  as 
strong  winds  and  heavy  rains  (Sealy  1994). 
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Video  monitoring  has  become  a  relatively 
common  means  of  studying  nesting  behavior 
and  allows  an  accurate  assessment  of  nest  fate 
(Pietz  and  Granfors  2000,  Sanders  and  Ma¬ 
loney  2002,  Williams  and  Wood  2002).  We 
documented  the  accidental  removal  of  eggs  by 
incubating  Piping  Plovers  ( Charadrius  melo¬ 
dus)  breeding  at  Chaplin  Lake,  Saskatchewan 
(50°  26'  N,  106°  40'  W)  during  a  study  which 
used  video  monitoring  of  nests  (White  2005). 

OBSERVATIONS 

Chaplin  Lake  is  a  large  saline  lake  covering 
11,777  ha.  The  basin  is  composed  of  10  in¬ 
terconnected  pools  used  for  harvesting  brine 
shrimp  ( Artemia  franciscana)  and  extraction 
of  sodium  sulfate.  This  lake  supports  a  large 
nesting  population  of  Piping  Plovers  with  up 
to  23%  of  the  Saskatchewan  population  in  a 
given  year.  Nest  searches  and  monitoring  were 
conducted  from  early  May  until  mid  August 
in  2002-2004  following  Murphy  et  al.  (1999). 
Nests  were  checked  every  3—5  days  to  assess 
hatching  success  or  failure.  Four  video  sys¬ 
tems  were  used  during  each  of  the  three 
breeding  seasons  to  monitor  nests  ( n  =  24  to¬ 
tal).  Small  (29  mm  diameter,  74  mm  long)  re¬ 
mote  color/infrared  cameras  (National  Elec¬ 
tronics  Bullet  C/IR,  B&E  Electronics,  Regina, 
SK,  Canada)  were  hidden  in  artificial  “rocks” 
constructed  from  hollow  wood  and  placed  at 
randomly  selected  nests  around  the  lake.  The 
cameras  provided  color  video  images  during 
the  day  and  black  and  white  footage  at  night. 
Video  was  continuously  recorded  (24  hrs)  on 
a  time-lapse  videocassette  recorder  (VCR, 
Sanyo  Real  Time  SRT  2400DC,  or  Sanyo 
Real  Time  4040AC).  We  reviewed  all  video 
tape  records  from  nests  at  which  egg  losses 
were  recorded  during  nest  visits. 

Clutch  size  reduction  occurred  at  10-17% 
of  monitored  nests  each  year  (n  =  188  nests, 
Table  1).  Review  of  the  video  (1,946  hrs)  at 
the  3  nests  (1  in  each  year),  where  video  cam¬ 
eras  were  used  and  which  experienced  clutch 


172 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  1,  March  2009 


TABLE  1.  Partial  clutch  reductions  recorded  at  Piping  Plover  nests  at  Chaplin  Lake,  Saskatchewan,  2002- 
2004. 


2002 

2003 

2004 

Totals 

Nests  located 

36 

41 

75 

188 

Video-monitored  nests 

11 

8 

5 

24 

Nests  with  partial  clutch  reduction  (%) 

5  (14) 

7  (17) 

8  (10) 

20  (11) 

Eggs  monitored 

136 

145 

277 

558 

Missing  eggs 

8 

11 

15 

34 

Eggs  lost  to  known  partial  predation 

0 

0 

0 

0 

Eggs  lost  to  known  accidental  egg  removal  (%) 

1  (12) 

1  (9) 

1  (7) 

3  (8) 

reduction,  revealed  in  each  case  that  an  egg 
was  accidentally  removed  by  an  incubating 
parent.  None  of  the  missing  eggs  was  the  re¬ 
sult  of  predation  (Table  1).  In  each  instance, 
the  egg  adhered  to  the  abdominal  feathers  of 
the  incubating  adult  and  was  carried  by  the 
adult  as  it  left  the  nest. 

Accidental  egg  removal  accounted  for  the 
only  partial  clutch  reductions  documented  on 
video.  These  removals,  without  the  video  rec¬ 
ord,  would  have  been  attributed  to  predators. 
In  two  of  the  three  events,  the  adult  searched 
for  the  egg  within  the  scope  of  the  video  cam¬ 
era  and  either  incubated  the  egg  where  it  de¬ 
tached  from  the  feathers  or  attempted  to  roll 
the  egg  back  into  the  nest  bowl.  The  egg  that 
was  incubated  where  it  fell  hatched.  The  other 
egg  was  rolled  into  the  nest  by  one  or  both 
tending  adults  over  the  course  of  26  hrs.  This 
latter  egg  was  damaged  and  failed  to  hatch.  In 
the  third  case,  the  adults  did  not  search  for  the 
egg  within  the  field  of  view  of  the  camera  and 
the  fate  of  the  egg  is  unknown.  Additionally, 
at  the  same  study  site  in  2001,  one  egg  from 
each  of  three  plover  nests  was  found  outside 
but  near  nests  (£3.0  m),  consistent  with  ac¬ 
cidental  removal. 

DISCUSSION 

Reports  of  accidental  egg  removal  have 
also  been  reported  for  Black  Stilts  ( Himanto - 
pus  novaezelandiae).  Black-fronted  Terns 
(, Sterna  albostriata),  and  Double-banded  Dot¬ 
terels  ( Charadrius  bicinctus )  (Sanders  and 
Maloney  2002),  all  of  which  nest  in  marine 
habitats.  One  explanation  for  eggs  sticking  to 
the  plumage  is  that  high  salinity  leads  to  the 
egg  becoming  encrusted  in  salt,  which  adheres 
to  the  feathers.  Chaplin  Lake  is  highly  saline 
and  a  number  of  plover  eggs  have  been  en¬ 
crusted  in  salt,  particularly  after  heavy  rains 


(CLW,  pers.  obs.).  An  additional  reason  for 
egg  adherence  to  feathers  may  be  due  to 
pipped  eggs  that  catch  on  the  feathers  of  the 
incubating  adult,  although  only  one  of  the 
three  eggs  removed  by  parents  in  our  study 
was  close  to  hatching. 

Removal  of  a  single  egg  from  a  nest  does 
not  represent  reproductive  failure  for  a  breed¬ 
ing  pair,  but  an  egg  failing  to  hatch  represents 
an  energetic  cost  to  the  bird  that  laid  it  as  well 
as  to  the  individuals  that  participated  in  in¬ 
cubation  (Koenig  1982,  Clutton-Brock  1991). 
Partial  clutch  reduction  was  recorded  at  10— 
17%  of  nests  in  any  given  year  at  Chaplin 
Lake.  Although  it  is  unknown  whether  acci¬ 
dental  removal  by  incubating  parents  was  the 
cause  at  all  nests,  our  results  suggest  that  re¬ 
searchers  should  exercise  caution  when  attri¬ 
buting  partial  clutch  loss  to  predators,  partic¬ 
ularly  on  highly  alkaline  lakes.  Misidentifi- 
cation  of  sources  of  reproductive  loss  may  re¬ 
sult  in  misdirected  management  efforts  for 
this  endangered  species.  Our  observations 
provide'  additional  examples  of  the  uncertainty 
associated  with  inferring  the  fate  of  eggs  when 
direct  evidence  of  nest  fate  is  unavailable. 
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Gray  Jays  Accept  Brown-headed  Cowbird  Eggs 
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ABSTRACT. — Results  of  simulated  brood  parasit¬ 
ism  on  five  Gray  Jay  ( Perisoreus  canadensis )  nests 
suggest  acceptance  of  model  Brown-headed  Cowbird 
(Molothrus  ater )  eggs.  This  finding  is  contrary  to  re¬ 
sults  of  experimental  parasitism  on  four  other  species 
of  jays,  also  with  little  or  no  recent  history  of  parasit¬ 
ism,  which  eject  cowbird  eggs.  Given  that  Gray  Jays 
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nest  in  the  boreal  forest  and  earlier  in  the  season  than 
cowbirds  initiate  breeding,  it  may  be  that  neither  Gray 
Jays  nor  their  congeners  have  been  parasitized  regu¬ 
larly  in  their  evolutionary  histories,  which  may  explain 
acceptance  of  cowbird  parasitism.  Received  22  Janu¬ 
ary  2008.  Accepted  15  July  2008. 


Gray  Jays  ( Perisoreus  canadensis)  initiate 
clutches  in  late  winter  in  boreal  and  sub-alpine 
forests  of  North  America  (Strickland  and 
Ouellet  1993)  and  are  largely  isolated  from 
brood  parasitism  by  the  Brown-headed  Cow¬ 
bird  ( Molothrus  ater),  both  spatially  and  tem¬ 
porally.  In  Ontario,  where  Gray  Jays  have 
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been  studied  most  extensively,  the  mean  date 
of  first  eggs  was  26  March  (±9.4  days  [SD]) 
(Strickland  and  Ouellet  1993),  whereas  the 
earliest  laying  date  for  cowbirds  there  is  17 
April  (Peck  and  James  1987).  Not  surprising¬ 
ly,  no  one  has  reported  cowbird  parasitism  of 
nests  of  Gray  Jays  (Friedmann  and  Kiff  1985, 
Strickland  and  Ouellet  1993,  Ortega  1998). 
Gray  Jays  should  be  expected  to  accept  for¬ 
eign  eggs,  if  parasitism  occurred  naturally  or 
experimentally,  because  there  has  not  been  se¬ 
lective  pressure  for  evolution  of  the  ability  to 
discriminate  and  reject  foreign  eggs  (Briskie 
et  al.  1992,  Peer  et  al.  2007). 

We  tested  this  hypothesis  by  introducing  a 
non-mimetic  model  cowbird  egg  into  Gray 
Jay  nests  with  the  knowledge  that  all  other  jay 
species  and  most  other  corvids  that  have  been 
tested  in  North  America,  and  which  also  have 
little  or  no  recent  history  of  brood  parasitism, 
reject  eggs.  Thus,  this  behavior  appears  to  be 
deeply  rooted  in  this  group  and  has  been  re¬ 
tained  in  the  absence  of  brood  parasitism 
(Bolen  et  al.  2000,  Rothstein  2001,  Fleischer 
and  Woolfenden  2004,  Underwood  et  al. 
2004,  Peer  et  al.  2007).  Gray  Jays  belong  to 
the  Old  World  clade  of  corvids  (Ericson  et  al. 
2005)  and  are  closely  related  to  New  World 
jays  (Bonaccorso  and  Peterson  2007).  Rejec¬ 
tion  of  foreign  eggs  by  Gray  Jays  would  likely 
be  a  result  of  past  parasitism  by  Old  World 
cuckoos  ( Cuculus  spp.),  as  has  been  suggested 
by  Bolen  et  al.  (2000)  for  Black-billed  Magpie 
( Pica  hudsonia)  and  Yellow-billed  Magpie  ( P . 
nuttalli).  This  paper  reports  the  results  of  test¬ 
ing  whether  Gray  Jays  are  an  accepter  or  re¬ 
jecter  of  foreign  eggs. 

METHODS 

DS  initiated  a  study  of  the  population  bi¬ 
ology  of  the  Gray  Jay  >30  years  ago  (Rutter 
1969,  Strickland  and  Ouellet  1993)  in  Algon¬ 
quin  Park,  Ontario,  adjacent  to  Provincial 
Highway  60  where  it  crosses  the  southwest 
corner  of  the  Park  (45°  33'  N,  78°  33'  W).  The 
study  site  has  been  described  elsewhere  (Rut¬ 
ter  1969,  Strickland  and  Ouellet  1993).  DS 
conducted  the  experiment  in  March  and  early 
April  1999,  and  in  April  2000  under  condi¬ 
tions  of  thick  snow  and  low  temperatures.  One 
model  cowbird  egg  made  of  plaster-of-Paris 
painted  with  acrylic  paint  to  match  real  cow¬ 
bird  eggs  (Rothstein  1975),  warmed  by  hand 


or  in  a  vehicle,  was  introduced  into  accessible 
nests  from  which  Gray  Jay  females  flushed 
from  eggs.  No  jay  egg  was  removed  from  any 
clutch  when  the  model  was  introduced.  Each 
nest  was  inspected  the  next  day  or  as  soon  as 
conditions  permitted.  A  model  egg  was  con¬ 
sidered  accepted  if  it  and  the  jay’s  eggs  were 
incubated  at  least  5  days,  whereas  rejection 
was  recorded  if  the  model  disappeared  and  the 
jays  continued  to  incubate  (Rothstein  1975). 
All  adults  except  the  female  tested  in  2000 
were  color-banded  and  there  is  no  possibility 
the  same  female  was  tested  twice.  All  trials 
were  restricted  to  exceptionally  low  nests  that 
could  be  reached  from  the  ground  or  with  a 
small  ladder  to  avoid  disturbance  that  never¬ 
theless  occurred  at  nest  #2. 

Gray  Jay  eggs  are  larger  than  Brown-head¬ 
ed  Cowbird  eggs  and  have  a  different  base 
color  and  pattern  (Lowther  1993,  Strickland 
and  Ouellet  1993).  Mean  (±  SD)  length  and 
width  of  16  Gray  Jay  eggs  from  Algonquin 
Park  were  28.30  ±  1.6  X  20.5  ±  1.0  mm, 
respectively,  versus  21.5  ±  1.10  X  16.5  ± 
0.61  mm  for  127  Brown-headed  Cowbird  ( M . 
a.  ater )  eggs.  Gray  Jay  eggs  are  pale  greenish 
white,  or  gray,  finely  covered  with  irregular 
dots  or  flecks  that  range  from  dark  olive  to 
rusty,  whereas  the  model  cowbird  eggs  were 
white  or  grayish  white  and  heavily  spotted 
with  brown  or  gray,  usually  slightly  more 
densely  at  the  large  end. 

RESULTS 

Five  Gray  Jay  nests  were  tested,  nests  #1- 
3  in  1999  and  nests  #4  and  #5  in  2000. 

Nest  #1  (Mud  Creek  Territory):  under  con¬ 
struction  on  23  February,  the  nest  was 
checked  on  7  March  and  appeared  complete 
but  was  empty.  On  16  March  the  female 
flushed  from  three  eggs,  the  model  was  intro¬ 
duced,  and  about  5  min  later,  the  female  re¬ 
turned  to  the  nest,  paused  on  the  rim,  looked 
briefly  as  usual  into  the  nest,  then  hopped  on 
and  snuggled  down  on  the  eggs.  Five  minutes 
later,  the  female  stood  up  and  put  her  head 
into  the  cup,  then  sat  back  down  on  the  eggs. 
The  next  day,  the  female  flushed  from  three 
jay  eggs  plus  the  model,  as  she  did  also  on  23 
and  31  March.  The  model  egg  was  removed 
on  12  April  when  the  three  nestlings  —10  days 
of  age  were  banded.  Backdating  revealed  the 
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third  (last)  egg  had  been  laid  on  15  March, 
the  day  before  the  model  had  been  introduced. 

Nest  #2  (Sim’s  Pit  Territory):  the  model 
was  introduced  on  23  March  when  the  nest 
contained  one  jay  egg.  A  shower  of  snow  was 
accidentally  dislodged  from  upper  branches  of 
the  nest  tree  when  DS  leaned  the  ladder 
against  it;  some  snow  fell  into  the  nest  and 
had  to  be  scooped  out  by  hand  before  the 
model  was  added.  The  female  returned  im¬ 
mediately  to  the  nest  and  sat  on  the  eggs.  The 
next  day  the  incubating  female  flushed  from 
two  jay  eggs  plus  the  model,  but  by  28  March 
the  intact  nest  was  empty  likely  due  to  pre¬ 
dation.  Two  days  later  the  pair  was  building  a 
replacement  nest  in  which  the  female  even¬ 
tually  laid  four  eggs  that  produced  three 
young. 

Nest  #3  (East  Beach  Territory):  found  on  9 
March,  the  nest  was  checked  on  13  March  and 
again  on  20  March  when  the  female  was  in¬ 
cubating  three  eggs.  The  nest  contained  two 
eggs  on  29  March  when  the  model  was  added. 
Two  jay  eggs  and  the  model  were  in  the  nest 
on  30  March  and  3  April.  On  8  and  15  April, 
the  nest  contained  the  model  and  one  nestling 
(banded  on  the  latter  visit). 

Nest  #4  (Whitefish  Territory):  this  pair  was 
one  of  several  in  2000  that  apparently  had 
barely  enough  fat  reserves  to  support  nesting 
and,  which  consequently  started  late  and 
failed  early.  The  nest  was  found  on  17  March 
but  no  egg  was  detected  until  3  April  when 
the  female  was  sitting  on  one  egg  and  the 
model  was  introduced.  The  next  day,  there 
was  still  only  one  jay  egg  plus  the  model.  On 
8  April  the  nest  contained  two  jay  eggs  and 
the  model;  the  jays  were  nearby  but  showed 
no  interest  in  the  nest. 

Nest  #5  (Bell  Telephone  Territory):  this  nest 
contained  three  eggs  when  the  model  was  add¬ 
ed  late  in  the  incubation  period,  on  15  April 
2000.  The  next  day,  two  young  were  draped 
over  the  model  egg  and  one  jay  egg  was  vis¬ 
ible.  On  22  April,  three  begging  jays  obscured 
the  model,  but  when  the  nest  was  visited  on 
28  April  to  band  the  young,  only  the  model 
was  present. 

Acceptances  were  recorded  at  nests  #1  and 
#3  with  models  added  during  the  jays’  incu¬ 
bation  periods.  Results  at  the  other  three  nests 
suggest  acceptance  but  disruptions  at  two  and 
hatching  of  jays  at  one  leave  the  results  only 


suggestive.  At  nest  #2,  the  model  was  accept¬ 
ed  for  24  hrs  after  parasitism  during  laying, 
but  when  inspected  on  the  fifth  day,  the  nest 
was  empty  and  abandoned. 

DISCUSSION 

The  results  suggest  that  Gray  Jays  accept 
model  cowbird  eggs,  although  a  larger  sample 
might  reveal  a  low  level  of  ejection.  Tests  at 
two  nests  resulted  in  acceptance  and  cowbird 
egg  models  remained  at  least  24  hrs  in  two 
other  active  nests,  which  suggest  acceptance 
because  ejection  likely  would  have  occurred 
on  the  first  day  of  “parasitism.”  One-day 
ejection  is  characteristic  of  most  ejecter  spe¬ 
cies  and  all  cowbird  eggs  are  usually  either 
rejected  or  accepted  (Peer  and  Sealy  2004, 
Sealy  and  Underwood  2004;  but  see  Peer  and 
Sealy  2000).  Nest  #4  was  deserted  but  birds 
desert  nests  for  a,  variety  of  reasons  and  with¬ 
out  carefully  controlled  experiments  we  do 
not  know  whether  desertion  was  a  response  to 
the  parasitic  egg  rather  than  a  response  to 
some  other  disturbance  (Rothstein  1975) 

Four  other  species  of  jay  in  North  America, 
which  experience  little  or  no  current  brood 
parasitism,  rejected  most  experimental  eggs 
within  24  hours  (Rothstein  1975,  Fleischer 
and  Woolfenden  2004,  Peer  et  al.  2007); 
hence,  acceptance  by  Gray  Jays  is  exception¬ 
al.  Observations  of  natural  cowbird  parasitism 
by  the  Bronzed  Cowbird  ( Molothrus  aeneus ), 
including  multiple  parasitism,  of  the  Green 
Jay  ( Cyanocorax  yncas;  Collins  et  al.  1980, 
Carter  1986)  suggest  acceptance  but  experi¬ 
ments  like  those  we  conducted  are  required 
for  confirmation  (Peer  et  al.  2000,  Sealy  and 
Underwood  2004).  Non-mimetic  eggs,  similar 
to  those  of  the  Brown-headed  Cowbird, 
should  be  used  because  Bronzed  Cowbird 
eggs  are  immaculate,  pale  blue  (Peer  and  Sea¬ 
ly  2004)  and  Green  Jay  eggs  are  pale  white 
or  green  with  some  spots  at  the  larger  end 
(Gayou  1995);  Bronzed  Cowbird  eggs  may  be 
difficult  to  recognize. 

Rejection  of  cowbird  eggs  or  models  has 
been  recorded  experimentally  in  the  Blue  Jay 
( Cyanocitta  cristata )  (Rothstein  1975;  S.  G. 
Sealy,  unpubl.  data),  Florida  Scrub-Jay 
( Aphelocoma  coerulescens )  (Fleischer  and 
Woolfenden  2004),  Island  Scrub-Jay  (A.  in- 
sularis),  and  Western  Scrub- Jay  (A.  Califor¬ 
nia!)  (Peer  et  al.  2007).  In  other  North  Amer- 


176 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  1,  March  2009 


ican  corvids.  Black-billed  Magpies  and  Yel¬ 
low-billed  Magpies  eject  nonmimetic  eggs 
(Bolen  et  al.  2000,  Underwood  et  al.  2004), 
whereas  the  American  Crow  ( Corvus  bra- 
chyrhynchos)  accepts  them  (Underwood  et  al. 
2004).  Eurasian  Magpies  (Pica  pica )  reject 
non-mimetic  eggs  in  the  absence  of  cuckoo 
parasitism  (Soler  et  al.  1999)  but  other  Old 
World  corvids  that  have  been  tested  accept 
non-mimetic  eggs  (Red-billed  Chough  [Pyr- 
rhocorax  pyrrhocorax ],  Western  Jackdaw 
[ Corvus  inonedula],  Carrion  Crow  [C.  coro- 
ne\,  and  Northern  Raven  [C.  corax])  (Yom- 
Tov  1976,  Soler  1990). 

Rejection  likely  has  evolved  more  than 
once  in  corvids  because  species  of  magpie 
(Pica)  and  jay  (Aphelocoma,  Cyanocitta ), 
which  reject  cowbird  eggs,  are  in  separate 
clades  (Ericson  et  al.  2005)  and  the  former 
also  contain  accepter  species  (American 
Crow,  Red-billed  Chough,  Western  Jackdaw, 
Carrion  Crow,  Northern  Raven).  Alternative¬ 
ly,  rejection  could  have  evolved  once  but  was 
lost  in  some  species.  Rejection  may  be  lost 
through  random  genetic  drift  (Peer  et  al.  2007) 
or,  if  a  host  has  a  high  level  of  intraclutch  egg 
variation,  it  may  eject  its  own  oddly  colored 
eggs.  Thus,  selection  may  act  directly  against 
rejection  (Rothstein  2001,  Peer  and  Sealy 
2004,  Peer  et  al.  2007).  Most  corvids,  but  ap¬ 
parently  not  Gray  Jays,  demonstrate  intra-  and 
interclutch  egg  variation  (Strickland  and  Oul- 
let  1993,  Verbeek  and  Caffrey  2002,  Peer  et 
al.  2007),  and  this  may  have  affected  retention 
of  rejection.  The  core  distribution  of  jays  of 
the  genus  Perisoreus  is  in  the  Old  World, 
which  suggests  these  species  originated  there 
and  then  colonized  the  New  World  (Ericson 
et  al.  2005).  Unlike  other  Old  World  species 
that  have  apparently  retained  rejection  from 
Old  World  cuckoo  parasitism  (Bolen  et  al. 
2000,  Rothstein  2001.  Underwood  et  al. 
2004),  this  does  not  appear  to  be  the  case  for 
the  Gray  Jay.  The  Gray  Jay  and  the  other  spe¬ 
cies  of  Perisoreus ,  Siberian  Jay  (P.  infaustus) 
and  Sichuan  Jay  (P.  interni grans),  also  are  ap¬ 
parently  not  regularly  parasitized  by  cuckoos 
(Johnsgard  1 997,  Payne  2005).  Both  nest  ear¬ 
ly  and  cuckoo  parasitism  has  not  been  record¬ 
ed  in  either  species  (Blomgren  1971,  Lindgren 
1975,  Ekman  et  al.  1994;  Jing  Yu,  pers. 
comm.).  This  is  not  to  suggest  that  rejection 
has  been  lost  in  the  absence  of  parasitism, 


rather  it  may  be  more  likely  that  Gray  Jays 
and  their  congeners  were  not  parasitized  in 
their  evolutionary  histories,  given  their  pre¬ 
ferred  breeding  habitat,  early  onset  of  nesting 
seasons,  and  that  rejection  evolved  later  in 
other  species  in  the  Corvidae.  More  species 
need  to  be  tested  for  acceptance  or  rejection 
to  understand  better  the  evolution  of  this  be¬ 
havior  in  Corvidae,  especially  species  of  the 
New  World  jay  clade,  all  of  which  tested  so 
far  are  rejecters. 
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Repeated  Brown-headed  Cowbird  Parasitism  of  an  Artificial  Nest 


Bryan  R.  Coppedge1 


ABSTRACT. — On  27  May  2007  I  discovered  two 
Brown-headed  Cowbird  (Molothrus  ater)  eggs  in  an 
artificial  nest  in  a  wooded  fence  line  on  the  Tallgrass 
Prairie  Preserve,  Osage  County,  Oklahoma.  The  arti¬ 
ficial  nest  was  one  of  20  placed  along  a  transect  10 
days  earlier  and  baited  with  two  infertile  Blue  Quail 
(Coturnix  adansonii)  eggs  during  a  study  on  nest  de¬ 
tection  and  predation.  Brown-headed  Cowbird  parasit¬ 
ism  of  artificial  open-cup  nests  in  the  absence  of  host 
nesting  activity  is  rare,  but  has  been  reported.  This 
occurrence  of  superparasitism  represents  the  first  rec¬ 
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ord  wherein  more  than  one  cowbird  egg  was  deposited 
in  an  artificial  nest,  indicating  that  either  a  single  fe¬ 
male  repeatedly  parasitized  the  nest,  or  that  a  second 
female  contributed  an  egg  to  the  previously  parasitized 
nest.  Received  28  January  2008.  Accepted  2  June 
2008. 


Brown-headed  Cowbirds  ( Molothrus  ater) 
are  obligate  brood  parasites  known  to  lay  eggs 
in  nests  of  >220  host  species  (Friedmann  and 
Kiff  1985).  Cowbird  reproductive  success  is 
dependent  on  the  females’  ability  to  not  only 
find  suitable  host  nests  in  the  proper  stage  of 
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clutch  development,  but  also  on  the  tendency 
of  the  host  to  not  reject  cowbird  eggs  (Peer  et 
al.  2000).  Host  activity  and  behavior  are  im¬ 
portant  cues  in  the  nest  parasitism  process,  al¬ 
though  nests  can  be  located  and  parasitized  in 
the  absence  of  adult  hosts  (Thompson  and 
Gottfried  1981). 

Some  researchers  have  used  artificial  nests 
to  study  mechanisms  by  which  cowbirds  find 
and  select  host  nests.  These  studies  have  gen¬ 
erally  used  one  of  two  methodologies;  either 
all  eggs  in  the  clutch  are  added  to  the  nest 
simultaneously,  or  eggs  are  added  sequentially 
one  per  day  to  mimic  the  hosts’  normal  egg- 
laying  pattern.  No  cowbird  parasitism  has 
been  observed  in  studies  where  clutches  were 
added  simultaneously  (Thompson  and  Gott¬ 
fried  1976,  1981).  Studies  in  which  host  eggs 
were  added  sequentially  have  reported  three 
instances  of  parasitism  where  a  single  cowbird 
egg  was  deposited  in  the  nest  (Lowther  1979, 
Thompson  and  Gottfried  1981).  Some  studies 
using  artificial  nests  to  investigate  predation, 
rather  than  parasitism,  have  also  reported  in¬ 
cidents  of  cowbird  parasitism.  Jobin  and  Pie¬ 
man  ( 1 994)  reported  parasitism  of  an  artificial 
nest  in  marsh  habitat  that  had  been  baited  with 
a  single  King  Quail  ( Cotumix  chinensis )  egg. 
Thorington  et  al.  (2007)  reported  parasitism  of 
an  artificial  nest  in  suburban  habitat  in  Florida 
that  had  been  baited  with  a  Japanese  Quail 
( Coturnix  japonica)  egg  and  a  tethered  clay 
“sham”  egg.  In  both  instances,  a  single  cow¬ 
bird  egg  was  found  in  the  artificial  nest,  which 
lacked  any  of  the  cues  used  by  cowbirds  to 
locate  suitable  hosts  (adult  activity,  sequential 
egg-laying,  or  vocalizations)  (Clotfelter 
1998).  Thus,  cowbird  parasitism  of  artificial 
nests  is  quite  rare  with  only  five  reported  cas¬ 
es  from  >300  studies  using  artificial  nest 
methodology  (Moore  and  Robinson  2004).  I 
report  the  first  instance  of  parasitism  in  which 
two  cowbird  eggs  were  deposited  in  an  arti¬ 
ficial  nest  lacking  simulated  host  nesting  ac¬ 
tivity. 

OBSERVATIONS 

I  began  an  experimental  nest  study  in  April 
2007  to  examine  nest  detection  and  predation 
at  the  Tallgrass  Prairie  Preserve  (TGPP)  in 
Osage  County,  Oklahoma  (36°  50'  N,  96°  25' 
W).  This  15,500-ha  prairie  site  is  owned  and 
managed  by  The  Nature  Conservancy  and 


dominated  by  perennial  tallgrass  species  in¬ 
cluding  big  bluestem  ( Andropogon  gerardii), 
switchgrass  (Panicum  virgatum),  indiangrass 
( Sorghastrum  nutans ),  little  bluestem  ( Schi - 
zachryriam  scoparium ),  and  tall  dropseed 
(Sporobolus  asper).  Woody  vegetation  is  lim¬ 
ited  by  topoedaphic  factors  and  fire  with 
draws  dominated  by  Crosstimbers  forests 
comprised  of  blackjack  oak  ( Quercus  mari- 
landica ),  post  oak  (Q.  stellata),  and  black 
hickory  ( Carya  texana).  Scattered  areas  with 
cottonwood  (Populus  deltoides),  black  willow 
( Salix  nigra),  and  American  elm  ( Ulmus 
americana)  occurred  along  larger  drainages. 

I  set  out  a  replicate  of  20  artificial  nests 
along  a  wooded  fence  line  on  18  May  2007 
that  dissected  a  lightly  wooded  riparian  area. 
The  artificial  nests  were  constructed  of  grass 
stems  and  leaves  woven  into  a  cup  shape. 
Nests  had  been  aired  outdoors  immersed  in 
herbaceous  material  collected  on  site  for  4 
weeks  prior  to  deployment  to  minimize  any 
unusual  odors  that  might  attract  potential 
predators  (Whelan  et  al.  1994).  Nests  were 
placed  30-50  cm  aboveground  in  shrubs  and 
vines  to  simulate  the  natural  nests  of  locally 
abundant  species  including  Red-winged 
Blackbird  ( Agelaius  phoeniceus)  and  Dickcis- 
sel  ( Spiza  americana).  Each  nest  was  attached 
with  a  wire  to  a  supporting  branch  to  prevent 
wind  dislodgment,  baited  with  two  fresh  in¬ 
fertile  Blue  Quail  ( Coturnix  adansonii)  eggs, 
and  checked  every  fifth  day  for  a  15-day  pe¬ 
riod. 

I  checked  a  nest  45  cm  above  ground  in  a 
buckbrush  ( Symphoricarpos  orbiculatus) 
shrub  at  0800  hrs  CDT  on  27  May  2007  and 
discovered  that,  in  addition  to  the  two  quail 
eggs,  the  nest  also  contained  two  Brown-head¬ 
ed  Cowbird  eggs  (Fig.  1)  deposited  sometime 
after  22  May  2007  (the  previous  nest  check). 
The  eggs  and  nest  were  collected  to  avoid 
possible  depredation  of  the  nest  contents, 
measured  and  weighed  the  following  day.  The 
nest  cup  diameter  was  7.5  cm,  3.3  cm  deep 
with  an  overall  diameter  of  10.7  cm.  The  cow¬ 
bird  eggs  were  smaller  (21.4  X  15.8  and  20.5 
X  15.9  mm,  respectively)  than  the  quail  eggs 
(24.3  X  19.4  and  24.3  X  19.7  mm).  The  cow¬ 
bird  eggs  weighed  2.94  and  2.81  g,  roughly  a 
third  less  than  the  quail  eggs  (4.49  and  4.54 
g).  The  cowbird  eggs’  base  color  was  creamy 
white  with  dark  brown  speckling  concentrated 
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FIG.  1.  Artificial  nest  collected  on  27  May  2007  in  Osage  County,  Oklahoma  containing  two  Brown-headed 
Cowbird  eggs  (upper  pair  of  speckled  eggs)  and  two  Blue  Quail  eggs. 


at  the  larger  end.  The  quail  eggs  were  solid 
tan  with  faint  brown  speckling  (Fig.  1). 

DISCUSSION 

The  cowbird  eggs  I  discovered  are  within 
the  size  and  weight  range  of  eggs  produced 
by  captive  female  cowbirds  on  subsequent 
days  (Ankney  and  Johnson  1985).  Further¬ 
more,  variability  in  egg  weight  from  a  single 
female  is  similar  to  that  of  eggs  collected  from 
different  females  (Ankney  and  Johnson  1985). 
Thus,  egg  size  and  weight  cannot  be  used  re¬ 
liably  to  distinguish  between  female  cowbirds. 
Baicich  and  Harrison  (1997:316)  state  that 
“Usually  only  one  egg  is  laid  in  a.  nest,  but 
several  eggs  may  be  laid  by  different  cowbird 
females.”  In  their  study  of  female  cowbird 
host  use  strategies,  Strausberger  and  Ashley 
(2005)  reported  that  a  single  female  cowbird 
laid  two  eggs  each  in  two  Field  Sparrow  (Spi- 
zella  pusilla )  nests.  Other  studies  report  fre¬ 
quent  cowbird  superparasitism,  wherein  mul¬ 
tiple  females  lay  eggs  in  previously  parasit¬ 
ized  natural  nests  (Strausberger  and  Ashley 
2003,  Ellison  et  al.  2006).  Based  on  egg  size, 
shape,  and  coloration,  and  without  direct  ob¬ 
servation  of  the  event,  I  cannot  distinguish 
whether  this  superparasitism  event  arose  from 
a  single  female  cowbird  repeatedly  parasitiz¬ 


ing  the  nest,  or  from  a  second  female  contrib¬ 
uting  an  egg  to  the  previously  parasitized  nest. 

This  incident  of  brood  parasitism  is  consis¬ 
tent  with  previous  studies  in  this  grassland  re¬ 
gion  reporting  that  nests  close  to  wooded 
fences  and  roadsides  experience  high  rates  of 
cowbird  parasitism  (Patten  et  al.  2006).  Fe¬ 
male  cowbirds  often  use  elevated  perches  to 
observe  the  behavior  of  nearby  breeding  birds 
to  find  suitable  hosts  (Freeman  et  al.  1990).  I 
did  not  quantify  nest  concealment,  but  the  nest 
was  not  easily  visible  to  the  eye  and,  in  ad¬ 
dition  to  the  buckbrush  shrub  in  which  the 
nest  was  located,  several  blackberry  ( Rubus 
oklahomus)  vines  and  western  ironweed  (Ver- 
nonia  baldwinii )  stems  growing  through  the 
buckbrush  visually  concealed  the  nest  both 
from  above  and  laterally.  Several  trees  were 
nearby,  including  a  large  American  elm  15  m 
southwest  of  the  nest  location.  The  relative 
abundance  and  proximity  of  perch  sites  from 
which  to  scan  for  nests  in  this  grassland  area 
may  have  been  a  contributing  factor  in  this 
unusual  instance  of  cowbird  parasitism  of  an 
artificial  nest. 
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Proximate  Mechanisms  of  Parasite  Egg  Rejection  by 
Northern  Mockingbirds 

John  Quinn12’3  and  Kim  Marie  Tolson1 2 3 


ABSTRACT. — Northern  Mockingbirds  (Mimus  po- 
lyglottos)  are  known  to  reject  parasitic  eggs  at  an  in¬ 
termediate  rate.  However,  proximate  mechanisms  of 
rejection  remain  unexplored.  Our  objectives  were  to 
examine  the  rejection  behavior  of  Northern  Mocking¬ 
birds  in  northeast  Louisiana,  explore  if  nesting  date  or 
egg  color  of  parasitic  eggs  influence  the  rate  that 
Northern  Mockingbirds  reject  Brown-headed  Cowbird 
( Molothrus  ater)  eggs,  and  compare  results  to  those  of 
previous  studies.  Northern  Mockingbirds  rejected  68% 
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of  artificial  eggs.  Early  nesting  individuals  rejected 
50%  of  the  model  eggs  and  late  nesters  rejected  82%. 
Early  nesting  Northern  Mockingbirds  rejected  72%  of 
light  eggs  compared  to  27 %  of  dark  eggs.  Color  of  the 
parasitic  egg  and  date  of  parasitism  may  influence  re¬ 
jection  rates  of  Northern  Mockingbirds.  Received  28 
January  2008.  Accepted  2  June  2008. 


Brown  Thrasher  ( Toxostoma  rufum ),  North¬ 
ern  Mockingbird  ( Mimus  polyglottos),  and 
Eastern  Meadowlark  ( Sturnella  magna )  have 
documented  intermediate  egg  rejection  rates 
(Haas  and  Haas  1998,  Peer  et  al.  2000,  Peer 
and  Sealy  2004).  Their  rejection  rates  may 
vary  as  the  costs  of  rejection  and  acceptance 
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change.  Evolutionary  hypotheses  explaining 
this  variation  have  been  presented  (Winfree 
1999),  but  more  focus  is  needed  on  proximate 
hypotheses.  We  present  two  proximate  mech¬ 
anisms  of  parasite  egg  rejection  by  Northern 
Mockingbirds:  egg  coloration  and  nesting 
date. 

Friedmann’s  (1934)  early  compilation  of 
Brown-headed  Cowbird  ( Molothrus  ater ) 
hosts  lists  the  Northern  Mockingbird  as  an  ac¬ 
cepter  species.  Rothstein  (1975a)  reports  a  re¬ 
jection  rate  of  25%,  but  with  a  limited  sample 
size  of  four.  Friedman  and  Kiff  (1985)  report 
data  showing  this  host  rejected  50%  of 
Brown-headed  Cowbird  eggs  placed  in  nests. 
The  most  robust  survey,  presented  by  Peer  et 
al.  (2002),  reported  Northern  Mockingbird  re¬ 
jection  of  Brown-headed  Cowbird  eggs  at 
60%  (n  =  30)  and  of  Bronzed  Cowbird  ( Mol¬ 
othrus  aeneus )  eggs  at  69%  (n  =  32)  over  2 
years  in  Texas. 

Our  objectives  were  to:  (1)  examine  the  egg 
rejection  behavior  of  Northern  Mockingbirds 
in  northeast  Louisiana,  (2)  identify  proximate 
mechanisms  involved  in  Northern  Mocking¬ 
bird  response  to  Brown-headed  Cowbird  eggs, 
specifically  if  host  nesting  date  and  parasite 
egg  coloration  influence  the  probability  of  re¬ 
jection,  (3)  and  compare  results  of  previous 
studies  to  results  obtained. 

METHODS 

Northern  Mockingbird  nests  were  artificial¬ 
ly  parasitized  during  2006  within  Ouachita 
Parish,  northeast  Louisiana  (32°  30'  N,  92° 
05'  W).  The  parish  (=  county)  is  a  mix  of 
agriculture,  forest,  residential,  mixed  urban, 
and  developed  property.  Sites  for  searching 
were  chosen  based  on  presence  of  Northern 
Mockingbird  nesting  and  foraging  habitat  in 
addition  to  site  accessibility.  Nests  were  lo¬ 
cated  through  observations  and  systematic 
nest  searching. 

Model  cowbird  eggs,  because  of  the  diffi¬ 
culty  of  observing  natural  rejection,  were 
placed  in  nests  of  laying  and  brooding  North¬ 
ern  Mockingbirds  to  provoke  rejection.  There 
is  no  documented  difference  in  host  response 
to  real  cowbird  eggs  and  mimetic  eggs  created 
in  the  laboratory  (Rothstein  1975a,  Prochazka 
and  Honza  2004).  Model  mimetic  cowbird 
eggs  were  made  of  plaster  of  Paris,  coated 
with  acrylic  paint,  and  glazed  to  mimic  eggs 


of  Brown-headed  Cowbirds  (Rothstein 
1975a).  A  base  coat  of  titanium  white  acrylic 
paint  (Winsor  and  Newton  Acrylic)  was  ap¬ 
plied  to  each  egg.  Brown  spots  (Rust-oleum 
American  Accents  7642  Satin  Finish-Nutmeg) 
were  applied  on  the  egg  in  two  spotting  pat¬ 
terns,  heavy  (dark)  and  light,  mimicking  nat¬ 
ural  variation  of  cowbird  eggs.  Spots  covered 
>60%  of  the  surface  on  heavily  marked  eggs 
and  <30%  of  the  lightly  spotted  eggs. 

Nests  were  randomly  assigned  as  a  receiver 
of  dark  or  light  artificial  eggs.  Variation  in  egg 
color  allowed  us  to  test  if  heavily  spotted  or 
darker  model  eggs,  more  similar  to  Northern 
Mockingbird  eggs,  would  be  rejected  at  the 
same  or  different  frequency  than  light  colored 
model  Brown-headed  Cowbird  eggs  that  are 
dissimilar  to  Northern  Mockingbird  eggs. 

Eggs  were  placed  in  the  nest  within  5  hrs 
after  sunrise.  No  host  eggs  were  removed. 
Nests  were  checked  at  2  and  5  days  post-par¬ 
asitism  to  learn  the  fate  of  the  mimetic  egg. 
An  egg  was  considered  rejected  if  it  vanished 
from  a  nest  within  5  days.  An  egg  was  con¬ 
sidered  rejected  only  if  the  host’s  eggs  or 
fledglings  were  present  in  the  nest.  Any  egg 
that  remained  in  the  nest  after  5  days  was  con¬ 
sidered  accepted  (Rothstein  1975a).  Occur¬ 
rence  of  natural  parasitism,  date  of  artificial 
parasitism,  clutch  size,  and  model  egg  color 
were  recorded  for  each  nest  parasitized. 

The  nesting  season  was  subdivided  into  two 
periods,  early  (Mar— Apr)  and  late  (May— Jul). 
A  Chi-square  test  of  independence  was  used 
to  compare  rejection  frequencies  with  colora¬ 
tion  and  nesting  period.  Fisher’s  exact  test  was 
used  when  expected  values  were  <5.  A  Chi- 
square  Goodness  of  Fit  test  was  used  to  com¬ 
pare  results  obtained  in  northeast  Louisiana 
with  those  reported  by  Peer  et  al.  (2002).  All 
tests  were  two-tailed  with  an  alpha  level  of 
0.05.  Data  were  analyzed  using  SPSS  v.12.0 
(SPSS  Institute  Inc.  2006). 

RESULTS 

Northern  Mockingbird  nests  ( n  =  48)  were 
parasitized  with  model  eggs  between  15 
March  and  15  July  2006.  The  hosts  rejected 
68%  of  model  eggs.  Rejection  frequency  by 
Northern  Mockingbirds  differed  between  ear¬ 
ly  (Mar-Apr)  ( n  =  22)  and  late  breeding  sea¬ 
son  (May-Jul)  («  =  26)  (x2  =  5.850,  df  =  1, 
P  =  0.02).  Individuals  nesting  early  in  the 
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season  rejected  50%  of  the  model  eggs,  while 
those  nesting  late  rejected  82%.  Early  in  the 
breeding  season  rejection  frequency  differed 
between  light  and  dark  colored  eggs  (x2  = 
4.545,  df  =  1,  P  —  0.03).  Early  breeding 
mockingbirds  rejected  72%  of  light  colored 
eggs  compared  to  27%  of  the  dark  eggs.  Re¬ 
jection  rate  by  late  nesting  mockingbirds  did 
not  differ  between  egg  color  (Fisher’s  exact 
test,  P  =  0.13).  Egg  rejection  rate  for  the  en¬ 
tire  season  did  not  differ  between  egg  color 
(X2  =  0.048,  df  =  1,  P  =  0.83).  The  rejection 
rate  of  Northern  Mockingbirds  in  Ouachita 
Parish  did  not  differ  from  that  (60%)  reported 
by  Peer  et  al.  (2002)  (x2  =  0.527,  df  =  1,  P 
=  0.47).  We  found  no  Brown-headed  Cowbird 
eggs  in  nests  of  Northern  Mockingbirds  in 
2006.  Cowbirds  and  evidence  of  cowbird  par¬ 
asitism  were  recorded  in  Ouachita  Parish. 

DISCUSSION 

Early  nesting  (Mar  and  Apr)  Northern 
Mockingbirds  rejected  foreign  eggs  less  fre¬ 
quently  than  late  nesting  hosts  and  rejected 
dissimilar  model  eggs  more  frequently  than 
similar  eggs.  Our  results  indicate  that,  early  in 
the  breeding  season.  Northern  Mockingbirds 
may  not  be  as  adept  at  recognizing  foreign 
eggs.  Early  in  the  breeding  season  the  risk  of 
rejecting  one’s  own  egg  may  outweigh  the 
benefits  of  rejecting  a  foreign  egg.  Tolerance 
to  foreign  eggs  reduces  the  likelihood  that 
hosts  will  reject  their  own  atypical  eggs 
(Rothstein  1982).  However,  the  host’s  toler¬ 
ance  of  foreign  eggs  may  change  as  costs  and 
benefits  of  rejection  shift  within  the  breeding 
season. 

Victoria  (1972)  and  Rothstein  (1975a)  sug¬ 
gested  that  egg  size,  color,  or  pattern  may  be 
a  factor  in  the  evolution  of  egg  rejection.  Oth¬ 
er  studies  reported  it  is  difficult  for  host  spe¬ 
cies,  whose  eggs  resemble  cowbirds,  to  dif¬ 
ferentiate  between  their  eggs  and  those  of 
cowbirds  (Rothstein  1975b,  Peer  and  Sealy 
2000).  The  physical  appearance  of  Northern 
Mockingbird  and  Brown-headed  Cowbird 
eggs  is  similar  (Friedmann  et  al.  1977,  Peer 
and  Sealy  2004).  Rejecter  species  have  been 
documented  to  show  varied  tolerance  towards 
parasitic  eggs  based  on  similarity  to  its  (the 
host)  own  eggs  (Rothstein  1982). 

Our  results  suggest  a  greater  level  of  dis¬ 
crimination  by  Northern  Mockingbirds  versus 


other  mockingbird  species.  Peer  et  al.  (2002) 
reported  that  spotless  eggs  of  Bronzed  Cow¬ 
birds  ( Molothrus  aenous)  were  rejected  more 
frequently  than  spotted  Brown-headed  Cow¬ 
bird  eggs.  Fraga  (1985)  reported  the  Chalk- 
browed  Mockingbird  ( Mimus  saturninus), 
which  lays  spotted  eggs,  accepted  marked 
eggs  but  rejected  immaculate  eggs  of  the 
Shiny  Cowbird  ( Molothrus  bonariensis). 

Early  nesting  Northern  Mockingbirds  may 
have  not  learned  the  coloration  and  pattern  of 
their  eggs.  Rothstein  (1974)  suggested  that 
host  species  may  learn  the  pattern  and  design 
of  their  own  eggs  only  after  examination  of 
their  first  clutch.  Peer  et  al.  (2000)  proposed 
that  meadowlarks  ( Sturnella  spp.)  in  the 
northern  Great  Plains  might  not  reject  cowbird 
eggs  laid  early  during  the  laying  period  be¬ 
cause  they  mistake  them  for  their  own.  More¬ 
over,  they  suggest  this  may  be  the  same  for 
Brown  Thrashers,  a  member  of  the  same  fam¬ 
ily  as  Northern  Mockingbirds. 

Decreased  discrimination  and  rejection  ear¬ 
ly  in  the  breeding  season  may  be  a  result  of 
a  seasonal  threshold.  The  breeding  season  of 
the  parasite  and  host  must  overlap  for  a  spe¬ 
cies  to  encounter  the  pressure  of  parasitism 
(Ortega  and  Cruz  1991,  Peer  and  Bollinger 
1997).  The  first  Northern  Mockingbird  nest 
we  found  was  on  6  March  2006.  The  nesting 
season  of  Northern  Mockingbirds  in  Louisiana 
can  begin  as  early  as  February  and  continue 
into  August  (Lowery  1974).  Lowther  (1993) 
reported  that  Brown-headed  Cowbirds  begin 
laying  in  mid  to  late  April  continuing  until 
mid-July.  It  may  be  more  costly  to  reject  eggs 
if  the  likelihood  of  parasitism  is  low,  reducing 
an  individual’s  sensitivity  to  foreign  eggs  ear¬ 
ly  in  the  breeding  season.  If  female  Brown¬ 
headed  Cowbirds  only  lay  eggs  during  the 
middle  and  end  of  the  season.  Northern  Mock¬ 
ingbirds  may  be  less  likely  to  reject  eggs  early 
in  the  season  because  cowbird  parasitism 
pressure  is  lower. 

Rejection  behavior  should  maximize  the 
benefits  and  minimize  the  costs.  We  do  not 
know  if  the  ability  to  reject  is  a  learned  be¬ 
havior,  influenced  by  other  eggs  in  the  nest, 
or  an  inherited  picture  based  on  the  expected 
appearance  of  the  egg  of  the  host.  If  recog¬ 
nition  of  eggs  is  a  learned  behavior,  it  may  be 
less  costly  to  accept  a  parasitic  egg  early  in 
the  breeding  season  rather  than  risk  a  recog- 
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nition  error.  It  would  be  valuable  to  conduct 
a  multi-year  study  with  Northern  Mocking¬ 
birds  using  banded  individuals  to  confirm  if 
the  rejection  rate  of  this  species  varies  by  age 
or  experience  of  the  individual  in  addition  to 
egg  color. 
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Population  Decline  of  the  Island  Loggerhead  Shrike 
( Lanius  ludovicianus  anthonyi )  in  the  California 
Channel  Islands 


Julia  J.  Hicks1-2-4  and  Hartmut  S.  Walter1-3 


ABSTRACT. — The  Island  Loggerhead  Shrike  ( Lan¬ 
ius  ludovicianus  anthonyi )  is  classified  as  a  species  of 
special  concern  by  the  California  Department  of  Fish 
and  Game.  We  conducted  a  breeding  bird  census  of 
Loggerhead  Shrikes  on  Santa  Cruz  Island  in  2006 
based  on  potential  shrike  habitats  identified  using  re¬ 
mote  sensing.  Census  results  for  2006,  along  with  ad¬ 
ditional  findings,  constitute  the  first  quantitative  and 
replicable  assessment  of  the  subspecies’  status.  Popu¬ 
lation  size  is  <30  birds  with  12  on  Santa  Cruz  Island 
and  15  on  Santa  Rosa  Island.  These  observations,  cou¬ 
pled  with  comparable  surveys  on  other  northern  Chan¬ 
nel  Islands,  provide  the  basis  for  a  species  and  habitat 
conservation  management  plan.  Received  15  Novem¬ 
ber  2007.  Accepted  1  July  2008. 


An  isolated  race  of  the  Loggerhead  Shrike 
(. Lanius  ludovicianus  anthonyi)  was  described 
as  phenotypically  distinct  by  Mearns  (1898). 
The  taxonomic  identity  of  this  subspecies  has 
been  studied  using  morphological,  nuclear, 
and  mitochondrial  DNA  analyses  to  show  the 
anthonyi  subspecies  occurred  historically  on 
California's  northern  Channel  Islands  of  Santa 
Cruz,  Santa  Rosa,  Anacapa,  San  Miguel,  San¬ 
ta  Barbara,  and  Santa  Catalina  (Mundy  et  al. 
1997,  Patten  and  Campbell  2000,  Eggert  et  al. 
2004).  This  subspecies  mixes  with  the  mearn- 
si  and  gambeli  subspecies  on  Santa  Catalina 
and  San  Clemente  islands  (Eggert  et  al.  2004). 
L.  1.  anthonyi  is  listed  by  the  California  De¬ 
partment  of  Fish  and  Game  (2003)  as  a  spe¬ 
cies  of  special  concern. 

Historical  accounts  of  L.  1.  anthonyi  provide 
insight  into  its  relative  abundance  on  Santa 
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Cruz  Island,  but  descriptions  are  limited  and 
lack  quantitative  population  estimates.  Blake 
(1887:330)  described  shrikes  on  Santa  Cruz 
Island  as  “extremely  common.”  This  race  was 
considered  a  “fairly  common  resident”  on 
some  of  the  Channel  Islands  in  the  early 
1900s  (Willett  1912:92,  Howell  1917).  Grin- 
nell  and  Miller  (1944:382)  described  it  as 
“fairly  common  on  Santa  Cruz  Island;  less 
numerous  on  other  islands,”  with  the  “total 
population  .  .  .  small  by  reason  of  limited 
range  and  normal  spacing  of  individuals.” 
Miller  (1951:1 19)  later  described  the  status  of 
this  race  on  Santa  Cruz  Island  as,  “[shrikes 
occur]  regularly  on  Santa  Cruz,  but  one  must 
search  particular  areas,  chiefly  about  the 
ranches  ...  on  my  recent  trip  I  saw  none, 
although  I  took  one  in  1922.”  Collecting  of 
island  shrikes  was  not  uncommon  in  the  mid 
1900s,  with  42  anthonyi  specimens  collected 
between  1900  and  1949  (HSW,  unpubl.  data). 
These  historical  reports  clearly  indicate  that 
shrike  numbers  were  decreasing.  Between 
1900  and  1950,  L.  1.  anthonyi  went  from  being 
an  “extremely  common”  resident  to  one  of 
the  more  difficult  birds  to  observe. 

Reports  concerning  the  distribution  of  L.  1. 
anthonyi  on  the  northern  California  Channel 
Islands  were  mixed  from  the  1940s  to  the 
1980s,  and  most  accounts  were  inconsistent. 
Grinnell  and  Miller  (1944)  reported  that  an¬ 
thonyi  occurred  on  Santa  Barbara,  Santa  Rosa, 
Anacapa,  Santa  Cruz,  and  Santa  Catalina  is¬ 
lands.  L.  I.  anthonyi  was  observed  on  Santa 
Cruz,  Santa  Rosa,  Anacapa,  and  Santa  Cata¬ 
lina  during  the  1970s  (Johnson  1972).  L.  1. 
anthonyi  was  listed  as  an  inhabitant  of  Santa 
Rosa,  San  Miguel,  Santa  Cruz,  Anacapa  (spo¬ 
radically),  and  Santa  Catalina  islands  (Garrett 
and  Dunn  1981).  Breeding  anthonyi  popula¬ 
tions  on  Anacapa,  San  Miguel,  and  Santa  Bar¬ 
bara  appear  to  have  been  extirpated,  leaving 
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FIG.  1.  Santa  Cruz  Island  using  a  satellite  image  (LANDSAT  7  ETM+,  27  July  2000).  Overlaid  lines  are 
survey  routes  representing  a  total  distance  of  100  km2.  Blue  dots  are  pair  sightings.  Red  dots  are  individual 
sightings. 


shrikes  on  only  three  of  the  Channel  Islands: 
Santa  Cruz,  Santa  Rosa,  and  as  hybrids  on 
Santa  Catalina  (Yosef  1996,  Roemer  and 
Wayne  2003,  Walter  2005). 

Historical  accounts  indicated  that  L.  1.  an- 
thonyi  was  once  common  but  became  more 
difficult  to  find.  Based  on  this  evidence,  a  cen¬ 
sus  was  required  to  ascertain  the  total  number 
of  individuals  remaining  on  Santa  Cruz  Island. 
Our  objectives  were  to  observe  as  many 
shrikes  as  possible  on  Santa  Cruz  Island  dur¬ 
ing  the  2006  breeding  season. 

METHODS 

Study  Area. — The  study  site  consisted  of 
Santa  Cruz  Island  (34°  N,  119°  W),  which  is 
owned  by  the  Nature  Conservancy  (western 
76%)  and  the  National  Park  Service  (eastern 
24%).  It  is  the  largest  of  the  Channel  Islands, 
consisting  of  249  km2.  The  island  is  30  km 
west  of  Santa  Barbara,  California,  and  has  two 
mountain  ranges  bisected  by  a  central  valley. 
The  southern  mountain  range  contains  road 
accessible  canyons,  while  the  northern  moun¬ 
tain  range  is  mostly  inaccessible  with  steep 
terrain  and  few  roads.  The  island  has  four  eco¬ 
logical  zones  (Junek  et  al.  1995).  Three  of  the 
ecological  zones  were  covered  in  this  study  as 
the  north-facing  slopes  and  canyons  on  the 
north  side  of  the  island  were  eliminated  due 


to  inaccessibility,  and  a  lack  of  potential 
shrike  habitat. 

Remote  Sensing. — We  surveyed  shrike  hab¬ 
itats  during  spring  (25  Mar-15  May)  2006. 
Potential  Loggerhead  Shrike  habitats  were 
identified  using  remotely  sensed  images  of 
Santa  Cruz  Island.  Grassland  on  gentle  slopes 
close  to  a  water  source  was  the  criterion  used 
to  select  the  spring  2006  survey  sites  (Scott 
and  Morrison  1990,  Yosef  1996,  Cade  and 
Woods  1997).  Most  potential  shrike  habitat 
was  on  the  south  mountain  range  and  on  the 
south-facing  slope  of  the  Central  Valley.  The 
entire  north  side  of  the  Island  was  eliminated 
from  the  survey  because  of  the  steep  hillsides 
and  lack  of  potential  shrike  habitat.  The  im¬ 
age,  taken  in  March  2000,  was  retrieved  from 
the  Global  Land  Cover  Facility  (2004).  Dif¬ 
ferent  bands,  produced  by  the  LANDSAT  7 
ETM+  sensor,  were  combined  to  produce  im¬ 
ages  that  highlighted  different  vegetation. 
LANDSAT  7  ETM'  band  4  (0.750-0.9  urn) 
and  band  5  (1.55-1.75  um)  were  used  to  cre¬ 
ate  an  image  that  showed  densely  vegetated 
areas  in  red  or  brown,  and  grassland  habitat 
in  green  (Fig.  1).  The  image  was  compared  to 
a  vegetation  map  of  the  island  created  by  Min- 
nich  (1980)  to  verify  vegetation  types  identi¬ 
fied  on  the  image.  A  normalized  difference 
vegetation  index  (NDVI)  was  created  of  the 
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entire  island  and  vegetation  density  was  used 
as  a  guideline  for  identifying  potential  shrike 
habitat.  A  3-D  Surface  Model  was  created  us¬ 
ing  two-arc  second  National  Elevation  Data 
(USGS  1999)  for  Santa  Cruz  Island  to  identify 
areas  with  gentle  grassland  slopes.  Geograph¬ 
ic  coordinates  were  recorded  when  a  shrike 
was  detected  and  Loggerhead  Shrike  habitats 
were  recorded  for  each  sighting  as  to  vegeta¬ 
tion  type,  water  sources,  slope,  and  distance 
to  the  coast. 

RESULTS 

The  2006  spring  survey  of  Loggerhead 
Shrike  habitat  on  Santa  Cruz  Island  covered 
an  area  of  —100  km2.  The  survey  route  was 
confined  to  the  island’s  dirt  roads  and  paths 
with  about  1  km2  of  visibility  from  any  given 
point  of  observation.  Five  shrike  pairs  and 
two  individual  shrikes  were  observed  during 
the  survey.  Shrikes  were  observed  at  Potato 
Harbor  (individual),  Chinese  Harbor  (pair), 
Del  Norte  Ranch  (pair).  Orange  Grove  by  Val¬ 
ley  Anchorage  (2  pairs),  Pozo  Canyon  (indi¬ 
vidual),  and  Christy  Beach  (pair). 

Every  observation  of  shrikes  occurred  on  a 
gentle  grassland  slope  with  mixed  vegetation 
that  included  lemonade  berry  ( Rhus  integri- 
folia)  and  non-native  fennel  ( Foeniculum  vul- 
gare).  A  source  of  fresh  water  was  within  the 
birds’  active  foraging  area.  Three  pairs  had  a 
cattle  trough  as  the  water  source,  while  two 
pairs  were  found  near  drainages  near  the 
coast.  Five  of  the  observation  areas  were  with¬ 
in  1  km  of  the  coast.  Shrikes  on  Santa  Cruz 
Island  closely  associated  with  barbed  wire 
fences  and  dense  bushes  such  as  lemonade 
berry,  fennel,  and  mule  fat  (Baccharis  salici- 
folia). 

The  average  size  of  each  shrike  territory 
was  estimated  at  2  km2.  The  seven  shrike  ter¬ 
ritories  comprised  about  14  km2  of  island  hab¬ 
itat.  We  extrapolate  that  between  24  and  36 
km2  of  habitat  may  have  been  occupied  on 
Santa  Cruz  Island  in  2006.  The  total  popula¬ 
tion  of  birds  could  range  from  24  to  36,  as¬ 
suming  pairs  of  Loggerhead  Shrikes  in  habitat 
not  covered  by  this  survey  also  occupy  2.0 
km2  during  the  breeding  season.  We  surveyed 
canyons  that  appeared  to  contain  shrike  hab¬ 
itat  including  Coches  Prietos,  Willows,  and 
Laguna,  but  found  no  shrikes.  Each  of  these 
canyons  contained  open  grassland,  shrubs  for 


perches,  and  fresh  water,  suggesting  shrikes 
are  not  sufficiently  abundant  to  fill  the  poten¬ 
tial  habitat. 

DISCUSSION 

We  identified  locations  of  12  individual 
shrikes  in  100  km2.  This  is  low  compared  to 
1887  when  they  were  considered  “extremely 
common”  (Blake  1887:330).  The  breeding 
bird  census  conducted  on  Santa  Rosa  in  spring 
2006  season  detected  only  about  15  adults  af¬ 
ter  surveying  every  canyon  on  the  island 
(Cedrick  Villasenor,  unpubl.  data).  Once 
abundant  on  the  Channel  Islands,  the  anthonyi 
subspecies  of  Loggerhead  Shrike  has  become 
one  of  the  top  conservation  priorities  in  Cal¬ 
ifornia. 
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ABSTRACT. — We  describe  long-term  pair  bonds  in 
the  endangered  Laysan  Duck  (Anas  laysanensis),  a 
dabbling  duck  endemic  to  the  Hawaiian  Archipelago. 
Individually  marked  birds  were  identified  on  Laysan 
Island  between  1998  and  2006  ( n  =  613  marked 
adults).  We  recorded  pair  bonds  while  observing 
marked  birds,  and  documented  within  and  between 
year  mate  switches  and  multi-year  pair  bonds.  Twenty 
pairs  banded  before  2001  had  stable  pair  bonds  lasting 
>5  years  with  a  maximum  enduring  pair  bond  of  nine 
breeding  seasons.  Understanding  reproductive  strategy, 
including  mate  retention,  would  aid  conservation  plan¬ 
ning  and  management  efforts  for  the  Laysan  Duck. 
Further  study  is  needed  to  characterize  the  social  sys¬ 
tem  of  this  endangered  species.  Received  12  December 
2007.  Accepted  20  June  2008. 
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Waterfowl  (Anseriformes)  typically  form 
either  new  seasonal  pair  bonds,  multi-year 
pair  reunions,  or  continuous  life-time  monog¬ 
amous  pair  bonds  (Oring  and  Sayler  1992). 
The  Laysan  Duck,  or  Teal  ( Anas  laysanensis), 
a  critically  endangered  island  species  (IUCN 

2006) ,  illustrates  the  diversity  of  breeding 
strategies  within  Anatidae.  This  non-migrato- 
ry  species  is  endemic  to  the  Hawaiian  Islands 
and  isolated  anthropogenically  for  150  years 
to  Laysan  Island  (USFWS  2004).  The  Laysan 
Duck’s  breeding  ecology  is  under-studied  in 
part  because  of  its  isolated  location  on  a  re¬ 
mote  atoll  of  the  Hawaiian  Archipelago.  Its 
life  history  on  Laysan  Island  is  characterized 
by  high  adult  survival  (Reynolds  and  Citta 

2007)  and  low  recruitment  (Reynolds  and 
Work  2005).  Laysan  Ducks  typically  court 
and  form  pair  bonds  in  fall  and  initiate  nests 
in  spring  and  summer.  Males  of  this  species 
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do  not  engage  in  nest  building,  incubation,  or 
brood  rearing  (Warner  1963,  Moulton  and 
Marshall  1996).  Moulton  and  Weller  (1984) 
described  “breaks”  in  pair  bonds  during  fe¬ 
male  incubation,  brood  rearing,  and  male 
molt.  Mate  reunion  during  a  mark-recapture 
study  over  two  breeding  seasons  was  42%  ( n 
=  19  pairs;  Moulton  and  Weller  1984)  and 
mate  fidelity  within  a  breeding  year  based  on 
observing  marked  birds  was  83%  for  35 
known  pairs  (Reynolds  2002).  Over  three 
breeding  seasons  (1998-2000),  69%  of  mated 
pairs  ( n  =  26)  reunited  for  >2  years  after  molt 
and  brood  rearing  (Reynolds  2002). 

We  had  the  opportunity  to  identify  long¬ 
term  pair  bonds  from  individually  marked 
Laysan  Ducks  during  multi-year  studies  to  ex¬ 
amine  survival  and  population  demographics 
(Reynolds  and  Citta  2007).  Our  objective  in 
this  paper  is  to  describe  the  maximum  known 
pair  bond,  and  the  first  known  long-term  pair 
bonds  >3  years  for  this  species. 

The  following  definitions  are  used:  (1)  a 
long-term  pair  bond  is  between  a  male  and  a 
female  lasting  for  multiple  breeding  seasons, 
but  may  be  interrupted  during  incubation  and 
duckling  rearing  (Fowler  1995);  (2)  a  reunion 
is  pairing  with  the  same  mate  for  a  second  or 
subsequent  year;  and  (3)  a  mate  change  (or 
divorce)  refers  to  pair  termination,  or  failure 
to  reunite  due  to  death,  or  disappearance  of 
one  mate  (Black  1996),  followed  by  survivors 
pairing  with  new  partners  (Rowley  1983). 

METHODS 

Laysan  Island  is  part  of  the  Hawaiian  Is¬ 
lands  National  Wildlife  Refuge  and  the  newly 
created  Papahanaumokuakea  Marine  National 
Monument  (USFWS  2004,  NOAA  2006). 
Laysan  Island  (25°  46'  N,  171°  44' W)  is 
1,463  km  northwest  of  Honolulu,  and  acces¬ 
sible  only  by  boat,  a  5-day  journey.  It  is  —415 
ha  and  the  majority  of  the  island  is  covered 
with  vegetation.  Scattered  coastal  vines  ( Ipo - 
moea  spp.,  Sicyos  spp.)  and  shrubs  ( Scaevola 
sericea ,  Tournefortia  argentea )  characterize 
the  coastal  vegetation.  The  inland  vegetation 
consists  of  vines,  shrubs,  bunch  grass  ( Era - 
grostis  variabilis),  sedges,  and  matted  vege¬ 
tation.  There  is  a  hypersaline  lake  along  with 
adjacent  freshwater  and  brackish  seeps  in  the 
center  of  the  island. 

We  captured  Laysan  Ducks  between  March 


1998  and  October  2005  using  a  flexible  hand¬ 
held  net  or  a  noose  carpet  (Bub  1991).  Birds 
were  individually  marked  with  federal  num¬ 
bered  aluminum  bands  on  one  leg,  and  unique 
color-bands,  some  with  alpha  or  numeric 
codes,  on  the  opposite  leg  (Reynolds  2004). 
We  conducted  surveys  at  least  twice  monthly 
on  Laysan  Island  to  monitor  population  status 
through  July  2006.  Observers  recorded  gen¬ 
der,  age,  mate  status  and  affiliation,  presence 
and  age  of  ducklings,  and  the  band  combina¬ 
tion  of  each  bird  identified.  We  monitored 
hens  with  broods  daily  with  a  spotting  scope 
during  March-July  1998-2000  and  2003,  and 
April— September  2004—2006.  We  read  bands 
twice  each  month  at  areas  on  the  coast  where 
ducks  congregated  from  March  1998  to  Oc¬ 
tober  1999  and  March  to  July  2000.  Incidental 
observations  of  individually  marked  birds 
were  also  included. 

We  defined  a  “pair”  as  an  adult  male  and 
female  observed  together  (within  1  m)  in  at 
least  75%  of  observations  of  pairs.  We  ob¬ 
served  pairs  traveling,  foraging,  loafing,  cop¬ 
ulating,  courting,  defending  (by  males),  and 
inciting  (by  females)  with  each  other  on  mul¬ 
tiple  occasions.  Pairs  typically  maintained 
close  proximity  to  each  other  in  comparison 
to  distances  of  other  flock  members,  and  typ¬ 
ically  did  not  exhibit  aggression  towards  their 
mate. 

RESULTS 

We  marked  358  post-fledgling  females  and 
255  post-fledgling  males  during  1998-2005, 
and  recorded  —20,300  observations  of  these 
marked  birds  through  July  2006.  We  observed 
changes  in  Laysan  Duck  pair  bonds,  including 
within  a  breeding  season,  between  breeding 
seasons,  ■  and  among  prolonged  pair  bonds 
lasting  >3  years.  We  observed  one  pair  bond 
lasting  8  years  (9  breeding  seasons).  The  fe¬ 
male  (#103)  and  male  (#100)  were  first 
marked  on  18  May  1998  as  After-Hatch- Year 
(AHY)  and  were  observed  together  between 
June  1998  and  June  2006.  We  recaptured  the 
female  three  times  and  observed  her  35  times. 
We  did  not  defect  her  with  ducklings  during 
6  years  when  we  monitored  brood  production. 
This  pair  holds  the  record  for  mate  retention 
longevity  during  our  study;  however,  long¬ 
term  pair  bonds  were  common.  Twenty  pairs 


SHORT  COMMUNICATIONS 


189 


banded  before  2001  had  stable  pair  bonds  last¬ 
ing  at  least  5  years. 

DISCUSSION 

Many  factors  inherent  to  the  life  history  and 
environment  of  a  species  influence  whether  a 
pair  reunites  for  multiple  years.  The  Laysan 
Duck  and  most  Northern  Hemisphere  conti¬ 
nental  ducks  share  mating  characteristics  such 
as  timing  of  pair  bond  breaks  and  female-only 
parental  care  (Moulton  and  Weller  1984). 
However,  unlike  many  migratory  Anas,  the 
Laysan  Duck  is  long-lived,  has  low  reproduc¬ 
tive  rates  on  Laysan  Island  (Lack  1974,  Weller 
1980),  and  commonly  forms  long-term  pair 
bonds.  This  contrasts  greatly  to  migratory 
Mallards  (A,  platyrhynchos)  where  mate  re¬ 
unions  are  rare  (<1%  of  marked  pairs)  (Losito 
and  Baldassarre  1996).  Rowley  (1983)  corre¬ 
lated  avian  mortality  and  longevity  with  rates 
of  mate  change  and  suggested  the  probability 
of  mate  change  is  higher  in  short-lived  spe¬ 
cies.  When  pair  members  reunite,  it  may  re¬ 
duce  the  costs  of  courtship  and  pair  bond 
maintenance  (Robertson  and  Cooke  1998),  or 
result  in  more  successful  breeding  (Rowley 
1983,  Black  1996).  However,  with  intensive 
brood  monitoring  observations  during  six  of 
their  nine  breeding  seasons,  we  have  no  ob¬ 
servations  of  female  #103  with  ducklings;  it 
is  unknown  if  the  pair  successfully  repro¬ 
duced.  Hepp  and  Hair  (1984)  found  that  pair¬ 
ing  in  waterfowl  enhanced  the  dominance  sta¬ 
tus  of  both  partners  and  improved  their  for¬ 
aging  opportunities.  Similarly,  long-term  pair 
bonds  in  Laysan  Ducks  may  increase  their  sta¬ 
tus  or  fitness  (survival  or  reproduction  or 
both).  Further  analysis  of  long-term  pairs  will 
aid  our  understanding  of  mate  retention  for 
this  species.  Mating  strategies  influence  pop¬ 
ulation  genetics  and  dynamics,  and  estimates 
of  effective  population  sizes.  The  influence  of 
long-term  pair  bonds  in  the  Laysan  Duck  are 
of  concern  for  conservation,  and  the  species 
mating  strategy  warrants  further  study. 
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Return  Rates  in  Two  Temperate  Breeding  Orioles  {Icterus) 

Jenelle  L.  Dowling1-2  and  Kevin  E.  Omland1 


ABSTRACT. — We  monitored  two  migratory  oriole 
species,  Baltimore  (Icterus  galbula)  and  Orchard  (I. 
spurius)  orioles,  for  information  on  return  rate  and  pair 
fate  over  4  years.  The  return  rate  after  migration  for 
Baltimore  and  Orchard  orioles  was  low  (38  and  35%, 
respectively).  Pairs  were  more  likely  to  dissolve  due 
to  non-return  of  one  or  both  members  than  they  were 
to  reunite  or  change  mates.  Pair  members  infrequently 
returned  to  the  study  site  and  previous  pairs  had  little 
opportunity  to  reunite  in  the  next  year.  Birds  with  non¬ 
returning  mates  appeared  to  take  advantage  of  the  first 
available  mating  opportunity  instead  of  waiting  for  the 
return  of  their  previous  partners.  Received  4  February 
2008.  Accepted  11  July  2008. 


An  individual  bird  that  forms  a  seasonal 
pair  bond  has  two  choices  if  it  survives  to 
return  to  its  breeding  site;  either  reunite  with 
its  partner  from  the  previous  year  or  seek  a 
new  mate  (Black  1996).  Each  strategy  has 
specific  advantages  and  disadvantages.  Re¬ 
union  or  mate  change  are  often  not  options  in 
species  where  survival  is  low  and  pair  mem¬ 
bers  frequently  do  not  return  to  the  breeding 
site  (Choudhury  1995). 

We  investigated  rates  of  seasonal  return  af¬ 
ter  migration,  and  patterns  of  pair  formation 
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in  Baltimore  ( Icterus  galbula)  and  Orchard  (/. 
spurius)  orioles.  Both  species  are  temperate- 
breeding,  migratory  birds  which  are  consid¬ 
ered  socially  monogamous  (Ollason  and  Dun- 
net  1978,  Rising  and  Flood  1998,  Jaramillo 
and  Burke  1999).  The  maximum  observed  life 
spans  for  Baltimore  and  Orchard  orioles  are 
1 1  and  9  years,  respectively  (Rising  and  Flood 
1998,  Jaramillo  and  Burke  1999).  Previous 
studies  have  addressed  the  issue  of  monogamy 
and  extra-pair  mating  in  orioles  (Edinger 
1988,  Richardson  and  Burke  1999),  but  few 
data  have  been  published  on  post-migration 
return  rates  and  pair  fates  of  oriole  species. 
Our  objectives  were  to:  (1)  examine  return 
rates  after  seasonal  migration,  and  (2)  identify 
which  pair  fate  is  most  common  (reunion, 
mate  change  or  loss  of  mate  due  to  non-re¬ 
turn). 

METHODS 

We  captured  53  Baltimore  Orioles  (26 
pairs)  and  78  Orchard  Orioles  (39  pairs)  using 
mist  nets  and  marked  them  with  three  band 
combinations  (1  aluminum  band  and  2  color 
bands).  Pairs  were  observed  at  three  study 
sites  in  Maryland,  USA  during  the  breeding 
seasons  of  2002—2005.  These  sites  were  desr 
ignated  Croom  (89.  ha),  Monocacy  (24  ha), 
and  University  of  Maryland,  Baltimore  Coun¬ 
ty  (UMBC,  24  ha).  Baltimore  Orioles  were 
absent  from  the  Croom  site  and  data  for  this 
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TABLE  1.  Baltimore  and  Orchard  oriole  return  rates,  Maryland  2002-2005. 


Species/Parameter 

2002 

2003 

2004 

2005 

Average 

Baltimore  Oriole 

Newly  arrived 

14 

9 

8 

22 

Returned 

NA 

6 

5 

5 

Did  not  return 

NA 

8 

10 

8 

Total  present 

14 

15 

13 

27a 

Return  rate,  % 

NA 

43  (6/14) 

33  (5/15) 

38  (5/13) 

38  (16/42) 

Orchard  Oriole 

Newly  arrived 

16 

27 

15 

20 

Returned 

NA 

4 

9h 

12b 

Did  not  return 

NA 

12 

23b 

15b 

Total  present 

16 

31 

24 

32a 

Return  rate,  % 

NA 

25  (4/16) 

29  (9/31) 

50  (12/24) 

35  (25/71) 

a  Increased  sample  size  due  to  intensive  work  at  the  Monocacy  field  site. 

b  [#  birds  returned  from  a  previous  year  +  #  not  returned]  does  not  equal  total  birds  present  from  the  previous  year  because  some  birds  were  absent 
for  a  year  or  more  before  returning. 


species  were  only  available  at  the  Monocacy 
and  UMBC  sites. 

We  conducted  thorough  searches  of  each 
study  site  6  days  a  week  to  identify  individ¬ 
uals  from  previous  years,  and  recorded  the  lo¬ 
cation  and  whether  the  individual  was  seen 
with  another  bird.  Nests  («  =  30)  for  Balti¬ 
more  and  Orchard  (n  =  43)  orioles  were  lo¬ 
cated  by  conducting  daily  nest  searches  at  the 
beginning  of  the  breeding  season.  Most  nests 
were  found  during  the  building  stage  by  ob¬ 
serving  and  following  a  female  carrying 
building  material.  Pairs  were  confirmed  when 
a  male  was  seen  interacting  with  a  nest-build- 
ing  female  (e.g.,  copulating  with  female,  land¬ 
ing  repeatedly  on  or  close  to  nest,  feeding  fe¬ 
male  on  nest).  We  monitored  and  confirmed 
pairing  status  throughout  the  nesting  cycle,  es¬ 
pecially  noting  provisioning  visits  made  by 
males.  Data  for  each  species  were  pooled  from 
all  three  study  sites. 

We  defined  return  rate  as  the  percentage  of 
banded  birds  observed  the  following  year. 
Baltimore  and  Orchard  oriole  pairs  were  di¬ 
vided  into  three  main  categories  to  investigate 
pair  fate:  reunited  pairs,  lost  pairs,  and  pairs 
that  changed  mates.  These  terms  describe  the 
fate  of  a  pair  in  the  next  season  after  they  have 
paired  for  one  season.  A  lost  pair  occurred 
when  at  least  one  member  of  a  previous  pair 
failed  to  return  to  the  study  site.  Lone  return¬ 
ers  were  individuals  that  returned  while  their 
mate  did  not. 

Two  additional  categories  were  defined  to 


encompass  the  remainder  of  the  pairs  ob¬ 
served:  first  pairs  and  mixed  pairs.  Placement 
in  these  categories  was  based  on  each  pair 
member’s  experience  on  the  study  site.  A  pair 
that  formed  between  two  newly  banded  birds 
was  considered  a  first  pair,  whereas  a  pair  that 
formed  between  a  newly  banded  bird  and  a 
banded/experienced  bird  was  considered  a 
mixed  pair.  An  experienced  bird  was  a  bird 
that  had  previous  pairing  experience  on  the 
study  site.  A  newly  banded  bird  was  a  bird 
with  no  previous  experience  on  the  study  site. 
Pairs  present  in  2002  were  not  placed  into  cat¬ 
egories  because  all  birds  in  the  first  year  of 
the  study  were  newly  banded.  A  proportion  of 
the  birds  we  designated  newly  banded  may 
have  obtained  breeding  experience  at  a  differ¬ 
ent  site  and  arrived  at  one  of  our  sites  via 
breeding  dispersal. 

RESULTS 

Return  Rates  and  Pair  bonds. — The  major¬ 
ity  of  pairs  that  formed  during  one  breeding 
season  had  no  opportunity  to  reunite  in  the 
next  season  because  one  or  both  pair  members 
did  not  return.  The  return  rate  was  38%  for 
Baltimore  Orioles  and  35%  for  Orchard  Ori¬ 
oles  (Table  1).  Pair  bond  duration  for  both 
species  averaged  about  one  season.  Only  two 
pairs  (Orchard  =  1,  Baltimore  =  1)  during  our 
4-year  study  remained  paired  for  more  than 
one  season.  Baltimore  Orioles  averaged  0.87 
(SD  =  0.98)  mates  per  study  period  (4  years), 
while  Orchard  Orioles  averaged  0.92  (SD  = 
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TABLE  2.  Frequency  of  mate  change  and  reunion 
with  both  mates  returning. 

for  all  Baltimore  and  Orchard  oriole  pairs,  and  for  pairs 

Year3 

All  pairs 

Mate  change  due  to 
partner’s  death  or 
disappearance,  % 

Both  mates 
returned  (Pairs) 

%  Change 

%  Reunite 

Baltimore  Oriole 

2002 

3 

33  (1/3) 

2 

100  (2/2) 

0  (0/2) 

2003 

3 

67  (2/3) 

1 

100  (1/1) 

0  (0/1) 

2004 

4 

75  (3/4) 

1 

0  (0/1) 

100  (1/1) 

Overall 

10 

60  (6/10) 

4 

75  (3/4) 

25  (1/4) 

Orchard  Oriole 

2002 

5 

100  (5/5) 

0 

0  (0/0) 

0  (0/0) 

2003 

11 

100  (11/1 1) 

0 

0  (0/0) 

0  (0/0) 

2004 

7 

71  (5/7) 

2 

50  (1/2) 

50  (1/2) 

Overall 

23 

91  (21/23) 

2 

50  (1/2) 

50  (1/2) 

3  Pairs  present  in  2005  were  excluded  from  this  analysis  because  fates  of  these  pairs  in  the  next  year  (2006)  were  not  known. 


0.83)  mates.  The  individual  with  the  highest 
number  of  mates,  a  male  Baltimore  Oriole, 
had  a  different  mate  each  breeding  season  for 
4  years. 

Mechanism  of  Pair  Formation. — Baltimore 
Oriole  pairs  between  2002  and  2004  became 
lost  pairs  in  the  next  year  more  often  than  they 
reunited  or  changed  mates  (pairs  were  lost 
60%  of  the  time,  reunited  10%  of  the  time, 
and  changed  mates  30%  of  the  time,  when  all 
pairs  are  considered).  The  same  was  true  for 
Orchard  Orioles  (pairs  were  lost  91%  of  the 
time,  reunited  4%  of  the  time,  and  changed 
mates  4%  of  the  time,  when  all  pairs  are  con¬ 
sidered).  More  mixed  pairs  (n  =  16)  were  pre¬ 
sent  than  first  pairs  (n  =  6)  for  Baltimore  Ori¬ 
oles  between  2003  and  2005.  The  same  was 
true  for  Orchard  Orioles  (n  =  16  mixed  pairs, 
n  =  13  first  pairs). 

The  pattern  of  pair  formation  that  was  most 
often  observed  involved  pairing  of  a  lone  re¬ 
turner  with  another  available  bird.  The  lone 
returner  either  paired  with  a  newly  banded 
bird  or  with  an  experienced  bird.  We  observed 
no  situations  in  which  a  lone  returner  disrupt¬ 
ed  a  pair  that  had  formed  that  same  season, 
and  no  situations  in  which  a  lone  returner  did 
not  pair.  Lone  returners  most  frequently  paired 
with  newly  banded  birds  (80%  of  the  time). 
When  lone  returners  paired  with  experienced 
birds  (20%  of  the  time),  the  experienced  birds 
were  most  often  available  because  they  were 
lone  returners  as  well,  although  one  experi¬ 
enced  bird  was  available  to  pair  with  a  lone 
returner  because  he  did  not  pair  with  his  pre¬ 


vious  mate  (which  was  present  on  the  study 
site). 

Mate  Change  in  Orioles. — Both  Baltimore 
and  Orchard  orioles  most  often  changed  mates 
due  to  the  death  or  disappearance  of  their  part¬ 
ner  (Table  2).  Six  of  10  Baltimore  Oriole  pairs 
changed  mates  in  the  next  year  due  to  their 
partner’s  death  or  disappearance.  Twenty-one 
of  23  Orchard  Oriole  pairs  changed  mates  in 
the  next  year  due  to  their  partner’s  death  or 
disappearance.  Three  of  four  Baltimore  Oriole 
pairs  in  which  both  partners  returned  in  the 
next  year  changed  mates  and  one  pair  reunit¬ 
ed.  One  of  two  Orchard  Oriole  pairs  with  both 
partners  returning  in  the  next  year  changed 
mates  and  one  pair  reunited. 

DISCUSSION 

Baltimore  and  Orchard  orioles  had  low 
rates  of  return  to  the  study  site  and  had  a  low 
tendency  to  reunite.  It  was  more  likely  for  a 
pair  bond  to  dissolve  in  the  next  season,  after 
pairing  for  one  season,  due  to  non-return  of 
one  or  both  pair  members  than  it  was  for  a 
pair  to  reunite  or  change  mates.  The  remain¬ 
ing  (lone  returner)  mate  was  more  prone  to 
pair  with  a  newly  banded  bird  than  to  not  pair 
at  all  or  to  pair  with  an  experienced  bird. 

Reunion  occurred  infrequently,  as  should  be 
expected  given  the  low  probability  that  both 
previous  mates  will  return.  There  is  a  14% 
chance  that  both  members  of  a  previous  Bal¬ 
timore  Oriole  pair  will  return  and  a  12% 
chance  that  both  members  of  a  previous  Or¬ 
chard  Oriole  pair  will  return.  Both  members 
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of  previous  Baltimore  Oriole  pairs  actually  re¬ 
turned  more  often  than  expected  from  return 
rates  (29%  of  the  time)  while  both  members 
of  previous  Orchard  Oriole  pairs  returned  less 
often  than  expected  from  return  rates  (8%  of 
the  time). 

The  patterns  observed  in  these  two  oriole 
species  closely  parallel  the  mating  systems  of 
other  temperate-breeding  migratory  birds  that 
have  low  return  rates.  For  example,  the  Amer¬ 
ican  Redstart  ( Setophaga  ruticilla)  is  a  long¬ 
distance  migratory  bird  with  a  return  rate  of 
—50%  (Sherry  and  Holmes  1992,  Sherry  and 
Holmes  1997),  and  a  similar  pairing  strategy 
in  that  pair  bonds  are  maintained  only  during 
the  breeding  season  (Sherry  and  Holmes 
1997).  A  similar  pattern  has  also  been  report¬ 
ed  for  Great  Reed  Warblers  ( Acrocephalus 
arundinaceus),  which  have  an  annual  return 
rate  of  —55%  (Hansson  et  al.  2002)  and  a  low 
tendency  to  reunite  (Bensch  and  Hasselquist 
1991).  A  conflicting  pattern  is  shown  in  the 
Black- throated  Blue  Warbler  ( Dendroica  ca- 
erulescens).  This  species  has  a  low  return  rate 
(between  36  and  39%),  yet  —80%  of  pairs  re¬ 
unite  between  seasons  (Holmes  et  al.  2005). 
The  mating  system  of  the  Eastern  Kingbird 
( Tyrannus  tyrannus)  has  a  different  pattern  in 
that  both  return  rate  (69%  for  males,  54%  for 
females)  and  reunion  rate  (85%)  are  relatively 
high  (Murphy  1996).  Little  is  known  about 
other  orioles,  but  tropical  orioles,  such  as  the 
Altamira  Oriole  ( Icterus  gularis),  maintain 
pair  bonds  year-round  and  are  thought  to 
maintain  pair  bonds  for  life  (Brush  and  Pleas¬ 
ants  2005).  This  pattern  in  a  non-mi gratory, 
tropical  oriole  species  suggests  that  migration 
affects  how  likely  a  pair  is  to  maintain  pair 
bonds  between  breeding  seasons. 
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Return  Rates  of  Breeding  Henslow’s  Sparrows  on  Mowed  versus 
Unmowed  Areas  on  a  Reclaimed  Surface  Mine 

Danny  J.  Ingold,1'3  James  L.  Dooley,1  and  Nicole  Cavender2 


ABSTRACT. — We  monitored  return  rates  of  114 
breeding  Henslow’s  Sparrows  ( Ammodramus  henslo- 
wii)  on  mowed  and  unmowed  areas  on  a  reclaimed 
surface  mine  during  seven  breeding  seasons.  We  ob¬ 
served  15  returns  (13%)  among  10  individuals  (9%), 
all  on  unmowed  areas.  No  individuals  banded  on 
mowed  areas  were  observed  in  subsequent  years  on 
the  same  areas.  Return  rates  increased  slightly  when 
hatching  year  birds  were  excluded.  No  individuals 
banded  during  their  hatching  year  were  subsequently 
seen  again.  Three  of  10  returning  individuals  were  ob¬ 
served  during  multiple  years.  These  observations  sup¬ 
port  previous  findings  that  reclaimed  surface  mines 
provide  adequate  nesting  habitat  for  Henslow’s  Spar¬ 
rows.  Early-season  mowing  as  a  management  strategy 
should  be  used  with  care.  Received  28  January  2008. 
Accepted  9  May  2008. 


Populations  of  Henslow’s  Sparrows  ( Am¬ 
modramus  henslowii)  have  steadily  declined 
in  the  glaciated  portions  of  Ohio  (Swanson 
1996,  Sauer  et  al.  2005),  but  have  increased 
in  the  southeastern,  unglaciated  counties 
where  reclaimed  surface  mines  are  common 
(Peterjohn  and  Rice  1991,  Sauer  et  al.  2005). 
Recent  studies  have  shown  that  nesting  suc¬ 
cess  of  Henslow’s  Sparrows  on  reclaimed  sur¬ 
face  mines  is  comparable  to  that  on  a  variety 
of  unmined  lands  (Monroe  and  Ritchison 
2005,  Galligan  et  al.  2006). 

An  important  component  that  should  be 
considered  in  weighing  the  long-term  useful¬ 
ness  of  reclaimed  surface  mines  for  Henslow’s 
Sparrows  and  other  grassland  birds  is  the  rate 
at  which  individuals  return  to  previous  breed¬ 
ing  and  nesting  areas.  Nest-site  fidelity,  the 
propensity  of  individuals  to  return  to  breed  at 
a  previous  breeding  site,  has  been  documented 
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in  a  variety  of  bird  species  (Gavin  and  Bollin¬ 
ger  1988,  Bollinger  and  Gavin  1989,  Porne- 
luzi  2003).  Fidelity  in  grassland  birds  has 
been  positively  associated  with  hatching  and/ 
or  fledging  success  of  individuals  during  the 
previous  year  (Gavin  and  Bollinger  1988). 
Relatively  few  studies  have  focused  on  nest- 
site  fidelity  in  grassland  birds,  and  even  fewer 
have  examined  return  rates  (marked  individ¬ 
uals  returning  to  previous  nest  sites)  of  grass¬ 
land  birds  on  reclaimed  surface  mines.  We 
found  two  studies  that  addressed  return  rates 
of  Henslow’s  Sparrows  on  a  reclaimed  surface 
mine.  Skipper  (1998)  reported  that  five  of  27 
(18.5%)  color-banded  male  Henslow’s  Spar¬ 
rows  and  zero  of  seven  color-banded  females 
returned  to  nest  in  the  same  location  as  in  the 
previous  year  in  Maryland.  Monroe  and 
Ritchison  (2005)  reported  that  two  of  nine 
(22%)  marked  male  Henslow’s  Sparrows  re¬ 
turned  to  the  same  location  on  one  study  site 
and  that  two  of  18  (11%)  males  returned  to  a 
second  study  site,  both  in  Kentucky. 

Reclaimed  surface  mines  in  some  cases 
provide  suitable  nesting  habitat  for  a  variety 
of  grassland  birds.  One  of  the  next  steps  is  to 
consider  extrinsic  factors  that  influence  grass¬ 
land  habitat  structure  (e.g.,  mowing,  hay-crop¬ 
ping,  burning,  and  grazing)  by  examining  re¬ 
productive  success  and/or  return  rates  to  pre¬ 
vious  breeding  sites.  Numerous  studies  have 
shown  that  mowing  and  hay-cropping,  partic¬ 
ularly  between  May  and  August,  adversely  af¬ 
fect  reproductive  success  of  several  grassland 
bird  species  in  the  midwest  and  northeastern 
United  States  (Bollinger  et  al.  1990;  Frawley 
and  Best  1991;  Herkert  1994a,  b;  Swanson 
1996;  Ingold  2002).  Few  studies,  particularly 
on  reclaimed  surface  mines,  have  examined 
the  effects  of  early-  (<1  May)  or  late-season 
(>1  Aug)  mowing  on  grassland  bird  breeding 
density,  reproductive  success,  or  return  rates 
(Herkert  1994a,  b;  Ingold  2002).  Ingold 
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(2002)  reported  that  Henslow’s  Sparrows  on  a 
reclaimed  surface  mine  usually  avoided  nest¬ 
ing  on  plots  that  were  mowed  in  mid-April 
prior  to  onset  of  nesting. 

Our  objective  was  to  compare  return  rates 
of  Henslow’s  Sparrows  on  mowed  versus  un¬ 
mowed  areas  on  reclaimed  surface  mine  hab¬ 
itat. 

METHODS 

Study  Site. — The  Wilds  (International  Cen¬ 
ter  for  the  Preservation  of  Wild  Animals)  is  a 
3,700-ha  center  for  conservation  research  and 
education  on  reclaimed  mined  land  overlap¬ 
ping  portions  of  Muskingum,  Guernsey  and 
Noble  counties  in  southeastern  Ohio.  The  area 
was  initially  mined  for  coal  by  the  Ohio  Pow¬ 
er  Coal  Company  in  the  1940s  and  1950s.  The 
land  was  again  mined  from  1969  to  1984  and 
subsequently  reclaimed.  The  landscape  is  now 
comprised  of  hilly  non-native  grasslands  with 
scattered  wood  lots,  drainage  ponds,  lakes, 
and  a  large  wetland  area  (Ingold  2002).  The 
predominate  grasses  and  herbaceous  plants 
used  for  reclamation  at  the  Wilds  include  fes¬ 
cue  ( Festuca  spp.),  orchard  grass  ( Dactylis 
glomerata ),  timothy  ( Phleum  pratense),  rye 
grass  ( Lolium  spp.),  smooth  brome  ( Bromus 
inermis ),  Kentucky  blue  grass  (Poa  pratensis), 
redtop  ( Agrostis  gigantea ),  yellow  sweet  clo¬ 
ver  ( Melilotus  officinalis),  sericea  lespedeza 
(Lespedeza  cuneata ),  and  birdsfoot  trefoil 
( Lotus  corniculatus).  The  predominate  shrubs 
and  woody  species  include  autumn  olive 
(Elaeagnus  umbellata),  black  locust  ( Robinia 
pseudoacacia),  sycamore  (Platanus  occiden- 
talis),  and  Austrian  pine  ( Pinus  nigra). 

Field  Methods. — We  established  eight  210 
X  90  m  rectangular  plots  in  1999  along  the 
western  boundary  of  the  Wilds.  Four  plots 
were  mowed  during  mid-April  each  year  from 
2000  to  2007  and  four  plots  were  left  undis¬ 
turbed.  We  captured  and  color-banded  Hen¬ 
slow’s  Sparrows  on  each  of  these  plots,  as 
well  as  on  several  unmowed  areas  between  the 
plots  during  eight  breeding  seasons  (2000- 
2007).  Each  plot,  as  well  as  the  areas  between 
them,  was  surrounded  on  at  least  three  sides 
by  a  minimum  of  10  ha  of  additional  open 
grasslands  with  some  scattered  autumn  olive 
trees.  The  same  plots  were  mowed  each  year 
in  most  cases;  however,  there  were  some  years 
in  which  a  few  previously  mowed  plots  were 


left  unmowed,  and  a  few  previously  unmowed 
plots  were  mowed.  Our  intention  was  not  to 
conduct  an  inferential  experiment  but  to  report 
return  rates  of  Henslow’s  Sparrows  on  readily 
available  mowed  and  unmowed  areas. 

Henslow’s  Sparrows  were  captured  using 
2.6  X  12  m  mist  nets  (black  nylon,  HTX  30 
mm  mesh)  and  play-back  tapes.  Captured  in¬ 
dividuals  were  fitted  with  three  plastic  color 
bands  (randomly  chosen  color  combinations) 
and  a  U.S.  Geological  Survey  aluminum  band 
(2  color  bands  on  one  leg  and  a  color  band 
and  an  aluminum  band  on  the  other  leg)  to 
facilitate  individual  identification  in  subse¬ 
quent  breeding  seasons  (Ingold  2002).  Netting 
and  searching  for  color-banded  birds  was  con¬ 
ducted  on  each  mowed  and  unmowed  area  on 
a  weekly  or  biweekly  basis  between  0800  and 
1200  hrs  (EDT)  from  early  May  through  mid- 
July  2000-2007.  The  amount  of  time  spent 
netting  birds  was  relatively  uniform  across 
each  area.  Typically  four  nets  were  placed  in 
an  area  usually  near  one  or  more  singing 
males.  We  were  fairly  thorough  in  our  capture 
efforts,  but  did  not  attempt  to  capture  every 
individual  in  every  area,  nor  did  we  spend 
much  time  netting  in  those  portions  of  study 
areas  in  which  Henslow’s  Sparrows  were  con¬ 
sistently  absent.  Captured  birds  were  classi¬ 
fied  to  gender  and  as  hatching  year  or  adult. 
Location  and  general  habitat  attributes  asso¬ 
ciated  with  the  capture  site  were  recorded.  Re¬ 
captured  birds  were  identified  from  previous 
records  and  their  recapture  location  was  com¬ 
pared  to  that  of  original  capture.  We  also  ob¬ 
served  all  individuals  that  could  be  visually 
detected  for  the  presence  of  color  bands. 

RESULTS 

We  captured  and  color-banded  114  Hen¬ 
slow’s  Sparrows  from  2000  to  2006  (Table  1). 
Ninety-nine  individuals  were  captured  on  un¬ 
mowed  areas  (87%)  and  15  (13%)  on  mowed 
areas.  We  observed  15  returns  among  10  in¬ 
dividuals  from  2001  to  2007  from  all  areas 
collectively  (13%  based  on  total  returns;  9% 
based  on  returning  individuals).  All  returns 
were  from  birds  banded  on  unmowed  areas 
and  all  returning  birds  but  two  (80%)  returned 
to  unmowed  areas.  No  individuals  banded  on 
mowed  areas  (typically  individuals  nesting 
later  in  the  season  after  grass  had  recovered 
from  early  season  mowing)  were  observed  to 
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TABLE  1.  Number  banded  (n)  and  recaptures/ 
reobservations  of  Henslow’s  Sparrows  banded  from 
2000  to  2006  on  a  reclaimed  surface  mine  in  Ohio. 

Year 

banded 

Recaptures/reobservations 
by  breeding  season 

n 

2001  2002 

2003 

2004 

2005 

2006 

2007 

2000 

s 

1  0 

0 

0 

0 

0 

0 

2001 

18 

i 

i 

0 

0 

0 

0 

2002 

20 

0 

0 

0 

0 

0 

2003 

13 

2 

1 

1 

1 

2004 

20 

3 

1 

0 

2005 

21 

2 

0 

2006 

14 

1 

return  to  these  areas  when  they  were  mowed 
again  the  following  year.  However,  two  indi¬ 
viduals  banded  on  unmowed  areas  returned  to 
the  same  area  the  following  year  (later  in  the 
nesting  season)  even  after  it  had  been  mowed 
in  April  of  that  year. 

Thirteen  (1 1%)  of  the  114  Henslow’s  Spar¬ 
rows  banded  were  captured  during  their  hatch¬ 
ing  year.  None  of  these  individuals  was  ob¬ 
served  on  any  study  area  during  subsequent 
years.  Excluding  these  individuals  from  our 
calculations,  return  rates  increased  from  13  to 
15%  based  on  total  returns  (15/101),  and  from 
9  to  1 0%  based  on  the  total  number  of  return¬ 
ing  individuals  (10/101). 

We  observed  three  of  10  returning  individ¬ 
uals  during  multiple  years  (Table  1).  Two  in¬ 
dividuals  returned  during  2  consecutive  years 
after  they  were  banded,  and  a  third  individual 
was  observed  in  the  same  area  during  4  con¬ 
secutive  years  after  it  was  banded. 

DISCUSSION 

Our  observations  of  returning  Henslow’s 
Sparrows  on  a  reclaimed  surface  mine  during 
the  breeding  season  are  among  the  few  that 
have  been  reported  for  this  area-sensitive  spe¬ 
cies.  Our  observation  numbers  were  too  low, 
as  a  consequence  of  focusing  on  a  relatively 
rare  species,  to  allow  for  use  of  robust  esti¬ 
mators  (e.g.,  routines  such  as  the  Cormack- 
Jolly-Seber  model  that  allow  for  estimating 
population  parameters  as  well  as  detection 
probability).  However,  given  our  emphasis  on 
habitat  association  for  this  species  of  concern 
(rather  than  providing  estimates  of  demo¬ 
graphic  parameters),  it  is  appropriate  to  report 


these  observations  and  our  interpretations. 
Our  findings  suggest  that  reclaimed  surface 
mines  may  provide  suitable  nesting  habitat  for 
Henslow’s  Sparrows  as  has  been  reported  in 
previous  studies  (Bajema  et  al.  2001,  De Vault 
et  al.  2002,  Ingold  2002,  Monroe  and  Ritchi- 
son  2005,  Galligan  et  al.  2006).  Diefenbach  et 
al.  (2007)  color  banded  Henslow’s  Sparrows 
on  a  reclaimed  surface  mine  during  two  breed¬ 
ing  seasons,  but  did  not  report  return  rates. 
Skipper  (1998)  reported  a  return  rate  of  18.5% 
(5  returns  from  27  bandings)  for  male  Hen¬ 
slow’s  Sparrows  while  Monroe  and  Ritchison 
(2005)  reported  return  rates  of  11%  (2  of  9) 
and  22%  (2  of  18)  for  male  Henslow’s  Spar¬ 
rows  on  two  study  sites  in  Kentucky.  We 
found  a  13%  return  rate  for  Henslow’s  Spar¬ 
rows  (15  of  114),  and  observed  three  individ¬ 
uals  that  returned  during  multiple  years. 

All  returning  birds  were  banded  on  unmow¬ 
ed  areas,  and  each  of  these  individuals  re¬ 
turned  to  the  same  area  in  the  following  year 
or  years.  None  of  the  Henslow’s  Sparrows 
banded  on  mowed  plots  during  a  given  year 
was  subsequently  relocated  on  mowed  plots. 
These  observations  are  consistent  with  results 
reported  by  Ingold  (2002)  in  which  Henslow’s 
Sparrow  densities  and  number  of  Henslow’s 
Sparrow  nests  on  unmowed  plots  were  mark¬ 
edly  higher  than  on  mowed  plots.  The  tenden¬ 
cy  for  returning  Henslow’s  Sparrows  to  avoid 
mowed  plots  is  not  surprising  and  consistent 
with  their  proclivity  to  nest  on  reclaimed 
mined  grasslands  characterized  by  relatively 
tall,  thick  vegetation  (Bajema  et  al.  2001, 
Monroe  and  Ritchison  2005).  Vegetative 
structural  characteristics  appear  to  be  more 
important  than  species  composition  for  nest¬ 
ing  sites  of  Henslow’s  Sparrows  (Cully  and 
Michaels  2000,  Bajema  and  Lima  2001, 
DeVault  et  al.  2002). 

None  of  the  13  Henslow’s  Sparrows  banded 
during  their  hatching  year  was  observed  to  re¬ 
turn  to  their  natal  area  in  subsequent  years. 
Return  rates  of  hatching  year  individuals  in 
other  grassland  sparrow  Species  have  gener¬ 
ally  been  low  (Wheelwright  and  Rising  1993, 
Balent  and  Norment  2003,  Jones  et  al.  2007), 
although  Gill  et  al.  (2006)  reported  a  12%  re¬ 
turn  rate  in  hatching  year  Grasshopper  Spar¬ 
rows  ( Ammodramus  savannarum )  in  Mary¬ 
land. 

Our  observations  suggest  that,  unlike  for 
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Grasshopper  and  Savannah  (Passerculus 
sandwichensis )  sparrows  (Ingold  2002,  un- 
publ.  data),  early  season  mowing  may  have 
adversely  affected  Henslow’s  Sparrows,  which 
had  a  clear  preference  for  nesting  in  densely 
vegetated  areas.  It  is  encouraging  that  Hen- 
slow’s  Sparrows,  a  species  of  special  concern 
in  Ohio,  were  consistently  found  on  this  re¬ 
claimed  surface  mine.  However,  we  must  pro¬ 
ceed  cautiously  when  using  early  season 
mowing  or  haying  as  a  potential  management 
strategy. 
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Post-fledging  Movements  of  Sprague’s  Pipit 

Stephen  K.  Davis12'3  and  Ryan  J.  Fisher1 2 3 


ABSTRACT. — Sprague’s  Pipit  ( Anthus  spragueii)  is 
a  threatened  grassland  songbird  that  has  been  de¬ 
scribed  as  one  of  the  least  known  species  in  North 
America.  We  attached  radio  transmitters  to  19 
Sprague’s  Pipit  nestlings  in  south-central  Saskatche¬ 
wan  in  2004  and  2005  as  part  of  a  study  to  quantify 
post-fledging  movements.  Eleven  juveniles  died  before 
leaving  the  nest  (58%)  and  five  survived  for  at  least  9 
days.  Predation  was  the  most  common  cause  of  mor¬ 
tality  of  young  pipits  both  before  and  after  fledging. 
Distances  moved  between  days  steadily  increased  but 
fledglings  typically  remained  within  100  m  of  their 
nest  during  the  first  week  post-fledging.  Movement  by 
fledglings  after  the  first  week  were  typically  >100  m. 
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Sprague’s  Pipit  ( Anthus  spragueii)  is  an  en¬ 
demic  ground- nesting  passerine  of  the  north¬ 
ern  mixed-grass  prairie.  Populations  have  de¬ 
clined  dramatically  and  the  species  is  recog¬ 
nized  as  a  species  of  high  conservation  con¬ 
cern  in  North  America  (Ruth  2006),  and  is 
listed  as  threatened  in  Canada  (COSEWIC 
2000).  Little  is  known  regarding  its  natural 
history  and  demography,  and  Sprague’s  Pipit 
has  been  described  as  one  of  the  least  known 
species  in  North  America  (Robbins  and  Dale 
1999). 

We  initiated  a  study  in  2004  on  the  natural 
history  and  demography  of  Sprague’s  Pipit  in 
native  and  planted  grasslands  in  south-central 
Saskatchewan.  We  chose  to  focus  on  post- 
fledging  behavior  because  no  information 
concerning  this  period  currently  exists  for 
Sprague’s  Pipit.  This  period  may  also  act  as  a 
demographic  bottleneck  for  grassland  species 
(Berkeley  et  al.  2007,  Suedkamp  Wells  et  al. 
2007,  Yackel  Adams  et  al.  2007).  Our  objec¬ 
tives  were  to:  (1)  describe  the  movement  and 
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behavior  of  fledglings  using  radiotelemetry, 
and  (2)  develop  protocols  to  more  rigorously 
quantify  juvenile  survival,  dispersal,  and  hab¬ 
itat  selection. 

METHODS 

Our  study  was  conducted  on  two  hayfields 
and  two  native  pastures  at  Last  Mountain 
Lake  National  Wildlife  Area,  Saskatchewan, 
Canada  (51°  2'  N,  105°  15'  W).  Pastures  were 
dominated  by  salt  grass  ( Distichlis  stricta), 
foxtail  barley  ( Hordeum  jubatum),  northern 
wheatgrass  ( Agropyron  dasystachyum ),  west¬ 
ern  wheatgrass  ( Agropyron  smithii ),  and  Poa 
spp.  Patches  of  smooth  brome  ( Bromus  iner- 
mis)  and  quack  grass  ( Agropyron  repens)  oc¬ 
curred  on  sites  that  had  been  cultivated  in  the 
past.  Forbs  ( Salicornia  europea ,  Iva  axillar- 
ies,  Grindelia  squarrosa,  Achillea  millefolium, 
and  Aster  spp.)  and  small  patches  of  western 
snowberry  ( Symphoricarpos  occidentalis) 
were  scattered  throughout  the  pastures.  Hay- 
fields  were  mowed  the  previous  summer  and 
were  composed  predominantly  of  Poa  spp. 
and  smooth  brome  with  sparsely  scattered  al¬ 
falfa  ( Medicago  spp.).  All  study  sites  were 
within  3.2  km  of  each  other. 

We  located  and  monitored  nests  from  19 
May  to  10  August  between  0800  and  1930  hrs 
CST  by  flushing  adult  females  from  their  nests 
with  a  25-m  nylon  rope  weighted  with  alu¬ 
minium  and  tin  cans  attached  every  0.5  m 
(Davis  2003).  Nest  locations  were  recorded 
with  a  Global  Positioning  System  (GPS)  unit 
and  were  marked  with  color  surveyor  flags 
placed  5  m  north  and  south  of  the  nest.  Nests 
were  monitored  every  2-3  days  until  young 
fledged  or  the  nesting  attempt  failed.  We 
checked  nests  more  frequently  at  the  expected 
time  of  hatching  and  fledging  to  obtain  accu¬ 
rate  hatching  and  fledging  dates. 

Pipit  young  fledge  at  1 1-15  days  of  age  de¬ 
pending  upon  weather  conditions  during  the 
nestling  period  (SKD,  unpubl.  data).  We  at¬ 
tached  transmitters  to  nestlings  2-3  days  prior 
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to  the  expected  fledging  date  and  on  the  ex¬ 
pected  fledging  date.  We  chose  these  different 
attachment  periods  because  we  were  unsure 
whether  there  was  an  optimal  period  that  re¬ 
sulted  in  minimal  impact  to  nestlings  and  at¬ 
tending  parents.  We  weighed  nestlings  and  at¬ 
tached  a  0.90  g  radio-transmitter  (Model  BD- 
2,  Holohil  Systems  Ltd.,  Ottawa,  ON,  Canada) 
with  a  modified  Rappole  and  Tipton  (1991) 
leg  harness  (Suedkamp  Wells  et  al.  2003). 
Signals  could  be  detected  <700  m  under  ideal 
conditions,  but  detection  distance  varied  de¬ 
pending  on  topography.  Battery  life  of  the 
transmitters  was  estimated  to  be  41  days.  All 
nestlings  were  banded  with  a  U.S.  Geological 
Survey  aluminium  leg  band,  but  only  nest¬ 
lings  that  were  at  least  17  g  received  a  trans¬ 
mitter  (5%  of  body  mass;  Gaunt  et  al.  1997) 
regardless  of  age.  We  placed  transmitters  on 
1-4  individuals  from  each  brood. 

We  tracked  each  pipit  fledgling  once  daily 
between  0830  and  1830  hrs  using  ATS  telem¬ 
etry  receivers  and  3-element  Yagi  antennae. 
Tracking  periods  were  not  allocated  to  partic¬ 
ular  times  within  a  day  and  were  largely  in¬ 
fluenced  by  weather  and  time  required  to  con¬ 
duct  other  research  activities.  We  did  not  track 
young  during  periods  of  cold  and  wet  weather. 
We  identified  a  fledgling’s  location  using  a 
GPS  unit,  documented  the  behavior  when  we 
approached  (e.g.,  remained  motionless, 
hopped  or  flew  away),  and  retreated  from  the 
area.  When  possible,  we  recaptured  individu¬ 
als  every  second  day  by  hand  to  check  trans¬ 
mitter  attachment  and  to  verify  whether  trans¬ 
mitters  were  affecting  growth.  We  weighed  re¬ 
captured  individuals  and  returned  them  to  the 
same  location  where  they  were  found.  Young 
fledglings  (1-4  days  post  fledging)  stayed 
where  they  were  placed,  but  older  fledglings 
often  retreated  short  distances  after  being  re¬ 
turned  to  their  capture  location.  We  system¬ 
atically  searched  for  lost  signals  daily  from  a 
truck  and  all  terrain  vehicles  within  a  4-km 
buffer  area  surrounding  our  study  fields  for  1 
week  and  sporadically  thereafter. 

RESULTS 

We  found  56  nests  and  attached  transmitters 
to  19  nestlings  from  10  nests.  High  mortality 
rates  due  to  prolonged  periods  of  cold,  wet 
weather  and  predation  substantially  reduced 
the  number  of  young  that  could  be  fitted  with 


transmitters.  Weekly  precipitation  during  the 
nestling  period  in  mid  June  was  3  times  higher 
than  the  long-term  mean  (1975—2003)  in  2004 
and  5  times  higher  in  2005.  Mean  tempera¬ 
tures  were  4-5°  C  cooler  in  2004  than  the 
long-term  mean  for  the  same  period.  Approx¬ 
imately  20%  of  nests  failed  due  to  inclement 
weather  as  a  result  of  flooding  or  desertion 
(SKD,  unpubl.  data).  Eleven  of  19  individuals 
(58%)  with  transmitters  died  before  leaving 
the  nest.  We  witnessed  predation  of  two  nests 
(6  young)  by  Northern  Harrier  ( Circus  cy- 
aneus)  and  recovered  two  transmitters  with 
nestling  remains  in  and  around  a  thirteen-lined 
ground  squirrel  ( Spermophilus  tridecemlinea- 
tus )  burrow.  One  nestling  was  trampled  by 
cattle,  two  nestlings  from  one  nest  appeared 
to  have  died  from  exposure,  and  two  trans¬ 
mitters  were  removed,  or  fell  off  prior  to 
fledging. 

Attaching  transmitters  to  pipit  young  the 
day  of  fledging  affected  their  balance  and  abil¬ 
ity  to  walk  and  run.  It  took  15-30  min  for 
fledglings  to  move  as  well  as  their  transmitter- 
free  nest  mates.  Pipits  that  had  a  transmitter 
attached  2-3  days  before  leaving  the  nest  (9- 
10  days  of  age)  behaved  similar  to  transmitter- 
free  birds  at  fledging.  Six  radio-marked  nest¬ 
lings  from  six  nests  successfully  fledged  and 
five  survived  for  at  least  9  days.  We  found  the 
plucked  remains  of  two  individuals  from  two 
different  nests;  one  nestling  had  been  out  of 
the  nest  for  at  least  8  days  and  another  only 
1  day.  We  failed  to  detect  signals  from  two 
transmitters  before  individuals  were  able  to  fly 
long  distances  (9-11  days  post-fledging)  in¬ 
dicating  either  transmitter  failure  or  the  trans¬ 
mitter  had  been  carried  out  of  our  detection 
range.  We  lost  the  signal  of  the  remaining  two 
fledglings  17  and  29  days  after  attaching  the 
transmitter,  both  were  capable  of  sustained 
flight. 

Pipit  young  with  transmitters  left  the  nest 
11-13  days  after  hatching.  Fledglings  spent 
the  first  2  days  sitting  in  relatively  tall  (20— 
30  cm  high)  grasses  and,  for  the  most  part, 
remained  motionless  when  approached.  At  3 
days  post-fledging,  juveniles  attempted  to  es¬ 
cape  when  we  reached  to  grab  them  by  hop¬ 
flying  10-15  cm  at  a  time.  Fledglings  quickly 
grew  tired  and  were  easily  captured  at  this 
time.  Fledglings  were  difficult  to  capture  by 
day  5  as  they  would  make  2-3  short  flights 
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TABLE  1.  Mean  (±  SD)  distances  (m)  moved  from  the  nest  and  between  days  by  Sprague’s  Pipit  fledglings 
in  2004  and  2005  in  south-central  Saskatchewan.  Day  1  =  first  day  after  leaving  nest. 


Post-fledging  day 

Mean  distance  from 
nest  ( n ) 

Range  (m) 

Mean  distance 
travelled  from 
previous  day  (n) 

Range  (m) 

1 

19 

22  (6) 

0.1-54 

19  ±  22  (6) 

0.1-54 

2 

53 

+ 

56  (4) 

3-123 

36  ±  50  (4) 

1-108 

3 

50 

18  (4) 

30-70 

46  ±  22  (2) 

30-61 

4 

75 

-+■ 

31  (4) 

30-102 

39  ±  8  (2) 

34-45 

5 

81 

+ 

56  (5) 

23-149 

86  ±  31  (3) 

58-120 

6 

95 

24  (6) 

67-109 

92  ±  41  (3) 

45-122 

7 

153 

-+■ 

61  (4) 

68-200 

71  ±  29  (2) 

50-91 

8 

97 

27  (3) 

68-121 

181  ±  113  (2) 

101-261 

9 

197 

34  (2) 

172-221 

10- 

-28 

243 

181  (4“) 

85-576 

a  These  four  individuals  were  found  at  12  locations  during  this  time  period;  however,  only  one  individual  survived  >13  days. 


when  we  approached  (10-25  m).  We  could  no 
longer  catch  fledglings  by  day  9  as  they  re¬ 
peatedly  flew  at  least  25  m  when  approached. 
By  1 1  days,  young  pipits  were  able  to  make 
longer  distance  flights  (50-60  m). 

Young  pipits  typically  remained  within  100 
m  of  the  nest  and  within  the  male’s  territory 
(x  ±  SD  area  of  30  territories  =  2.5  ±  0.5  ha; 
unpubl.  data)  during  the  first  week  after  Hedg¬ 
ing  (Table  1).  However,  some  individuals 
were  at  greater  distances  within  2  days  of 
leaving  the  nest  (Table  1).  The  distance  fledg¬ 
lings  moved  from  the  nest  and  distances 
moved  between  days  increased  as  birds  be¬ 
came  older  (Table  1).  Between-day  move¬ 
ments  were  generally  <100  m  within  the  first 
week  after  leaving  the  nest,  however,  some  in¬ 
dividuals  made  movements  >100  m  by  day  2 
(Table  1).  We  were  able  to  track  one  bird  until 
27  days  after  leaving  the  nest.  Patterns  of 
movement  by  this  individual  were  similar  to 
average  movements  by  all  birds  as  there  was 
a  steady  increase  in  both  the  distance  moved 
between  days  and  from  the  nest. 

We  captured  and  weighed  four  fledglings  on 
multiple  occasions.  Each  of  the  fledglings 
gained  mass  after  having  transmitters  attached 
(Fig.  1).  One  fledgling  reached  the  mass  of 
adults  (females  =  23.7  ±  0.3,  range  =  20.4— 
27.8  g,  n  =  48;  males  =  24.0  ±0.1,  range  = 
21.4-27.0  g,  n  =  100)  by  14  days  post-fledg¬ 
ing,  while  the  other  fledglings  grew  at  a  slow¬ 
er  rate  (Fig.  1 ).  Mass  of  one  individual  was 
0.7  g  lower  2  days  after  transmitter  attachment 
(Fig.  1).  Weight  loss  may  have  been  due  to 
this  individual  having  its  harness  caught  on  a 


grass  stem.  The  young  pipit  continued  to  gain 
mass  and  exhibit  normal  behavior  after  we  ad¬ 
justed  its  harness  (Fig.  1). 

DISCUSSION 

Predation  was  the  primary  factor  influenc¬ 
ing  survival  of  pipit  young,  both  in  and  out 
of  the  nest.  Video-monitoring  of  pipit  nests 
from  2005  to  2007  indicate  that  ground  squir¬ 
rels,  corvids,  and  raptors  are  the  main  preda¬ 
tors  of  pipit  nestlings  (SKD,  unpubl.  data). 
Raptors  are  likely  important  predators  of 
fledglings  as  we  found  the  plucked  remains  of 
pipit  young  near  fence  posts  and  hay  bales. 
Predation  pressure  during  the  post-fledging 
period  is  typically  high  for  many  species  (Ker- 
shner  et  al.  2004,  Suedkamp  Wells  et  al. 
2007),  usually  accounting  for  60-70%  of  the 
mortality.  Yackel  Adams  et  al.  (2001)  found 
that  61%  of  Lark  Bunting  ( Calamospiza  me- 
lanocorys)  young  survived  the  first  15  days 
after  leaving  the  nest.  Suedkamp  Wells  et  al. 
(2007)  observed  63%  mortality  for  Eastern 
Meadowlarks  ( Sturnella  magna)  and  56%  for 
Dickcissels  ( Spiza  americana )  over  58  and  72 
day  post-fledging  periods,  respectively. 

Young  pipits  showed  steady  increases  in 
distances  moved  between  days,  similar  to  oth¬ 
er  grassland  birds  (Berkeley  et  al.  2007,  Sued¬ 
kamp  Wells  et  al.  2008).  Young  birds  usually 
remain  close  to  the  nest  when  parents  are  still 
caring  for  them  and  then  conduct  larger  ex¬ 
ploratory  movements  as  they  become  older 
(Cohen  and  Lindell  2004).  Distances  moved 
from  the  nest  by  pipit  fledglings  were  slightly 
lower  than  those  for  Lark  Bunting  fledglings 
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FIG.l.  Patterns  of  mass  gain  for  four  Sprague’s  Pipit  fledglings  recaptured  multiple  times  in  south-central 
Saskatchewan. 


(Yackel  Adams  et  al.  2001).  By  day  3,  juve¬ 
nile  Lark  Buntings  were  typically  over  100  m 
from  their  nest.  We  recorded  some  juvenile 
pipits  over  1 00  m  from  the  nest  by  day  3,  but 
most  were  recorded  within  100  m  of  the  nest 
until  day  5  or  6.  A  similar  pattern  was  ob¬ 
served  for  Dickcissels  in  the  midwestern  Unit¬ 
ed  States  (Berkeley  et  al.  2007).  Differences 
in  dispersal  patterns  among  species  may  re¬ 
flect  variation  in  resources  (Suedkamp  Wells 
et  al.  2008)  or  life  history  strategies.  The 
small  scale  movements  from  the  nest  and  the 
cryptic  nature  of  pipit  young  reveal  the  need 
for  researchers  and  land  managers  to  be  cau¬ 
tious  in  areas  where  young  have  recently 
fledged.  The  short  distances  traveled  after 
fledging  coupled  with  increased  response  to 
intruders  by  both  parents  may  also  allow  in¬ 
vestigators  to  more  accurately  assess  nest  fate 
for  this  species.  Adult  pipits  only  responded 
aggressively  (passing  overhead  and  emitting 
alarm  calls)  to  our  presence  if  nestlings  or  de¬ 


pendant  young  were  nearby.  On  rare  occa¬ 
sions  a  single  adult  would  respond  similarly 
during  late  incubation. 

Our  research  activities  may  have  influenced 
survival  and  behavior  of  young  pipits  via 
transmitter  effects.  We  suggest  that  research¬ 
ers  attach  transmitters  to  pipit  young  at  9-10 
days  of  age  to  allow  them  to  become  accus¬ 
tomed  to  the  transmitter  prior  to  leaving  the 
nest.  Attaching  transmitters  at  9-10  days  post¬ 
hatch  should  reduce  the  risk  of  forced  fledging 
as  all  juveniles  remained  in  the  nest  for  1-3 
days  before  fledging.  We  believe  our  obser¬ 
vations  using  radio  transmitters  are  represen¬ 
tative  of  pipit  fledglings  in  our  area  because 
they  continued  to  gain  mass  and  evade  our 
capture  efforts.  Recent  work  on  grassland  pas¬ 
serines  (Kershner  et  al.  2004,  Davis  et  al. 
2006,  Guzy  and  Ribic  2007,  Suedkamp  Wells 
et  al.  2007)  demonstrates  that  gaining  insight 
into  the  post-fledging  ecology  and  demogra- 
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phy  of  these  species  is  possible  and  necessary 
for  guiding  conservation  actions. 
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Migration  Routes,  Reproduction,  and  Lifespan  of  a  Translocated  Osprey 

William  E.  Stout.14  Vanessa  L.  Greene,1 2  and  Sergej  Postupalsky3 4 


ABSTRACT. — We  monitored  one  female  hack-re- 
leased  Osprey  ( Pandion  haliaetus )  across  her  lifespan 
and  identified  her  migration  routes  over  a  4-year  period 
(2002-2006)  using  satellite  radiotelemetry.  We  docu¬ 
mented  the  recruitment  of  this  bird  into  the  breeding 
population  and  her  lifetime  reproductive  success.  This 
Osprey  was  raised  at  Big  Muskego  Lake  in  southeast 
Wisconsin,  wintered  at  Lake  Bayano  in  Panama  (3,877 
km  south-southeast  [163°]  of  Big  Muskego  Lake),  and 
nested  near  St.  Paul,  Minnesota  (4,183  km  north-north¬ 
west  [343°]  of  Lake  Bayano  and  446  km  northwest 
[300°]  of  Big  Muskego  Lake).  The  lifespan  of  this  fe¬ 
male  was  5  years,  5  months,  and  her  lifetime  repro¬ 
ductive  success  was  three  young  over  a  period  of  3 
years,  2005-2007,  as  a  breeder.  Migration  routes  of 
this  individual  Osprey  changed  over  her  lifespan;  these 
changes  may  have  been  influenced  by  weather.  Re¬ 
ceived  22  February  2008.  Accepted  17  June  2008. 


Hacking  (nestlings  translocated,  raised  by  hu¬ 
mans,  and  subsequently  released  to  the  wild)  of 
Ospreys  ( Pandion  haliaetus )  has  been  success¬ 
ful  at  reintroducing  this  species  to  locations  that 
were  previously  unoccupied  (Poole  1989,  Poole 
et  al.  2002),  including  the  upper  midwestem 
United  States  (Martell  et  al.  2002).  Satellite  ra¬ 
diotelemetry  has  been  used  to  monitor  migration 
routes  of  Ospreys  breeding  in  Europe  (e.g., 
Hake  et  al.  2001)  as  well  as  in  North  America 
(e.g.,  Martell  et  al.  2001).  These  studies  did  not 
report  on  the  lifespan  or  lifetime  reproductive 
success  of  Ospreys.  We  also  know  little  about 
migration  routes  or  about  changes  in  migration 
patterns  of  translocated,  hack-released  Ospreys. 
We  monitored  the  migration  routes  of  a  hack- 
released  Osprey  over  a  4-year  period,  ascer¬ 
tained  its  lifespan,  and  documented  its  lifetime 
reproductive  success. 

METHODS 

Osprey  nestlings  (37  total,  5-7  annually, 
1998-2003)  were  released  at  Big  Muskego  Lake 

1  W2364  Heather  Street,  Oconomowoc,  WI  53066, 
USA. 

2  3632  Arbor  Lane,  Minnetonka,  MN  55305,  USA. 

3  P.  O.  Box  132,  Prairie  du  Sac,  WI  53578,  USA. 

4  Corresponding  author; 
e-mail:  stoutw@hotmail.com 


(42.89°  N,  88.11°  W),  Waukesha  County,  Wis¬ 
consin,  through  hacking  (Hammer  and  Hatcher 
1983,  Schaadt  and  Rymon  1983).  The  Big  Mus¬ 
kego  Lake  area  was  a  suburban  landscape  and 
part  of  the  greater  metropolitan  Milwaukee  area. 
Big  Muskego  Lake  covered  914.59  ha  with  a 
maximum  depth  of  1.2  m;  Bass  Bay  (adjoining 
Big  Muskego  Lake)  covered  40.47  ha  with  a 
maximum  depth  of  7.0  m.  The  Big  Muskego 
Lake  area  consisted  of  the  city  of  Muskego  (hu¬ 
man  population  —21,400,  a  human  density  of 
—265/km2;  U.S.  Department  of  Commerce 
2000)  with  suburban  residential  areas  surround¬ 
ed  by  agricultural  land  and  natural  habitat  (e.g., 
marshes  and  grasslands).  Osprey  nestlings  were 
banded  with  U.S.  Geological  Survey  (USGS) 
lock-on  aluminum  leg  bands  anodized  to  a  year- 
specific  color.  Solar-powered  satellite  radio 
transmitters  (35  g  Platform  Transmitter  Termi¬ 
nals  [PTTs];  Microwave  Telemetry,  Columbia, 
MD,  USA)  were  installed  on  two  Osprey  nest¬ 
lings  in  2002  and  on  one  nestling  in  2003.  Sat¬ 
ellite  radiotelemetry  tracking  data  were  obtained 
from  Service  Argos  (now  CLS  America,  Largo, 
MD,  USA);  accuracy  of  locations  was  si  km. 
Distances  and  directions  were  calculated  from 
Global  Positioning  System  (GPS)  locations. 

RESULTS 

We  ascertained  the  migration  routes  of  one 
hack-released  Osprey  over  a  4-year  period  (51 
months;  2002-2006),  including  its  first  2  years 
of  breeding,  with  satellite  telemetry  and  moni¬ 
tored  two  additional  Ospreys  for  <1  month  until 
their  PTTs  stopped  transmitting.  The  Osprey 
that  we  monitored  for  a  4-year  period  (a  female; 
hereafter  referred  to  as  Osprey  2002A)  hatched 
in  northwestern  Wisconsin  (Sawyer  County), 
was  raised  and  released  at  Big  Muskego  Lake 
in  southeast  Wisconsin,  wintered  at  Lake  Bay¬ 
ano  in  Panama  (9.14°  N,  78.52°  W;  3,877  km 
south-southeast  [163°]  of  the  Big  Muskego  Lake 
release  site),  and  nested  near  St.  Paul,  Minnesota 
(44.79°  N,  93.00°  W;  4,183  km  north-northwest 
[343°]  of  Lake  Bayano  and  446  km  northwest 
[300°]  of  Big  Muskego  Lake;  Fig.  1).  Osprey 
2002A  remained  in  the  localized  area  of  Lake 
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FIG.  1 .  Release  site  (Big  Muskego  Lake,  Waukesha  County,  Wisconsin),  winter  non-breeding  range  (Lake 
Bayano  area,  Panama),  summer  breeding  range  (St.  Paul  area,  Minnesota),  and  migration  routes  for  translocated, 
hack-released,  female  Osprey  2002A  based  on  satellite  radiotelemetry. 


Bayano  for  over  1 7  months  (26  Oct  2002-6  Apr 
2004)  before  returning  as  a  2-year-old;  she  re¬ 
mained  in  the  same  localized  area  for  5  months 
during  each  of  the  two  subsequent  winters.  The 
nest  location  in  Minnesota  was  a  suburban  land¬ 
scape  near  Cottage  Grove  (human  population 
~30,600,  a  human  density  of  ~347/km2;  U.S. 
Department  of  Commerce  2000),  a  suburb  of  St. 
Paul.  The  nest  was  adjacent  to  a  gravel  pit  and 
Moore  Lake  on  Grey  Cloud  Island  in  the  Mis¬ 


sissippi  River;  the  greater  area  was  surrounded 
by  low-human  density  residential  land  use. 

Osprey  2002A  followed  the  Mississippi 
River  for  both  fall  and  spring  migration 
routes,  crossed  the  Gulf  of  Mexico  (except  in 
fall  2006),  and  followed  the  Yucatan  Penin¬ 
sula  and  Central  America  to  and  from  Panama 
(Fig.  1).  Her  initial  fall  migration  lasted  44 
days  and  subsequent  fall  migrations  (2004- 
2006)  averaged  23  days  ( n  =  3,  range:  22-24 
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days);  spring  migrations  (2004-2006)  aver¬ 
aged  17  days  (n  =  3,  range:  16-19  days). 

Osprey  2002A  traveled  directly  south  during 
her  initial  fall  migration,  east  of  the  Mississippi 
River,  to  near  New  Orleans.  She  spent  ~3 
weeks  during  this  migration  at  Coffeen  Lake 
near  Hillsboro,  Illinois  (13  Sep— 5  Oct  2002)  and 
5  days  at  Ross  R.  Barnett  Reservoir  near  Jack- 
son,  Mississippi  (8-12  Oct  2002).  She  crossed 
the  Gulf  of  Mexico  on  14  October  2002  and 
was  in  the  Yucatan  Peninsula  by  15  October 
2002.  Subsequent  fall  migrations  from  the  St. 
Paul  area  were  directly  south  but  on  the  west 
side  of  the  Mississippi  River.  These  migrations 
crossed  the  Gulf  of  Mexico  from  near  New  Or¬ 
leans  in  2004  (16-17  Sep)  and  from  the  north¬ 
east  coast  of  Texas  in  2005  (23—25  Sep)  to  the 
Yucatan  Peninsula.  Osprey  2002A  followed  the 
Gulf  of  Mexico  in  2006  south  along  the  east 
coast  of  Texas  and  Mexico  (19-24  Sep). 

Spring  migrations  north  from  Panama  fol¬ 
lowed  a  similar  route  over  the  Yucatan  Pen¬ 
insula,  across  the  Gulf  of  Mexico  (16-17  Apr 
2004,  10  Apr  2005,  5  Apr  2006),  to  the  north¬ 
east  coast  of  Texas,  and  north  to  the  St.  Paul 
area  on  the  west  side  of  the  Mississippi  River. 
Spring  migrations  north  through  the  United 
States  were  farther  west  than  fall  migrations 
south  (Fig.  1). 

Osprey  2002A  was  widely  transient  in  Min¬ 
nesota  and  northern  Wisconsin  for  about  5 
days  in  2004  (23-27  Apr)  before  settling  near 
St.  Paul.  Based  on  field  observations,  she  ap¬ 
parently  formed  a  pair  bond  in  summer  2004 
with  a  male  that  had  lost  his  mate  from  the 
previous  year.  Osprey  2002A  paired  with  this 
male  in  2005-2007  and  made  nesting  attempts 
each  year.  They  successfully  fledged  three 
young  in  2005,  failed  with  young  during  the 
early  nestling  stage  in  2006  (feeding  behavior 
was  observed  but  no  young  were  present  at 
banding  time),  and  failed  with  advanced 
young  in  2007  (1  young  was  raised  to  an  ad¬ 
vanced  nestling  stage  but  disappeared  from 
the  nest  before  fledging).  Osprey  2002A  was 
reported  “found  dead”  on  3  November  2007 
(near  St.  Paul,  Minnesota)  on  a  band  encoun¬ 
ter  report  through  the  USGS  Bird  Banding 
Laboratory  (BBL);  her  age  was  5  years,  5 
months  (65  months).  Her  remains  were  found 
on  17  December  2007  in  the  same  urban  lo¬ 
cation  on  the  bank  of  the  Mississippi  River  in 
the  middle  of  St.  Paul  (—18  km  northwest 


[313°]  of  her  nest  site),  and  the  satellite  radio 
transmitter  was  recovered.  The  lifetime  repro¬ 
ductive  success  of  this  female  was  3  young 
over  a  period  of  3  years  as  a  breeder  (mean 
=  1  young/year,  range:  0-3). 

DISCUSSION 

Martell  et  al.  (2001)  used  satellite  radiote¬ 
lemetry  to  document  migration  routes  of  adult 
Ospreys  that  nested  across  North  America. 
Ospreys  nesting  in  Minnesota  followed  three 
different  routes  to  Central  or  South  America: 
(1)  south  through  Texas  and  along  the  east 
coast  of  Mexico,  (2)  south  along  the  Missis¬ 
sippi  River  and  across  the  Gulf  of  Mexico,  or 
(3)  southeast  to  Florida  and  across  the  Carib¬ 
bean  Islands  (Martell  et  al.  2001).  All  individ¬ 
ual  Ospreys  from  the  upper  Midwest  followed 
the  same  routes  south  in  different  years  and 
each  individual  Osprey  wintered  in  the  same 
location  each  year.  Osprey  2002A  initially  fol¬ 
lowed  the  central  migration  route  along  the 
Mississippi  River  and  across  the  Gulf  of  Mex¬ 
ico,  and  wintered  in  the  same  location  each 
year.  Osprey  2002A  changed  her  southward 
migration  route  by  crossing  the  Gulf  of  Mex¬ 
ico  farther  west  in  2005  (near  the  location  at 
which  she  arrived  in  the  U.S.  during  her 
northward  spring  migrations).  Hurricane  Rita 
made  landfall  along  the  Texas-Louisiana  bor¬ 
der  early  on  24  September  2005  (U.S.  De¬ 
partment  of  Commerce  2007),  <24  hrs  after 
Osprey  2002A  passed  through  this  area,  and 
may  have  influenced  this  change.  Osprey 
2002A  traveled  southwest  through  Texas  and 
along  the  east  coast  of  Mexico  in  2006. 

Some  individual  raptors  tend  to  select  nest¬ 
ing  habitat  similar  to  that  in  which  they  were 
raised  (Tordoff  et  al.  1998,  Rosenfield  et  al. 
2000,  Kenward  2006).  Both  the  release  site  at 
Big  Muskego  Lake  and  the  nest  site  in  the  St. 
Paul,  Minnesota  area  were  comprised  of  sim¬ 
ilar  suburban  landscapes,  and  habitat  specific¬ 
ity  may  have  had  a  role  in  nest  site  selection 
for  Osprey  2002A.  This  Osprey  apparently 
was  tolerant  of  urban  landscapes  because  her 
remains  were  found  in  a  highly  developed 
area  in  St.  Paul. 

Lifespan  estimates,  and  annual  and  lifetime 
reproductive  success  for  Ospreys  suggest  that 
Osprey  2002A  at  least  exceeded  the  average 
for  these  population  metrics.  Osprey  2002A 
(over  5  years  of  age)  survived  at  least  beyond 
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the  75th  survivorship  percentile  for  Ospreys 
based  on  life  tables  compiled  by  Henny  and 
Wight  (1969;  the  longevity  record  for  Ospreys 
is  26  years,  2  months  [USDI  2007]).  Postu- 
palsky  (1989)  reported  that  22%  of  female 
breeders  (i.e.,  those  that  laid  eggs)  did  not  pro¬ 
duce  young  and  mortality  before  recruitment 
into  the  breeding  population  prevented  most 
individuals  (70.5%)  in  his  study  from  contrib¬ 
uting  fledglings  to  the  next  generation  (Poole 
et  al.  2002).  Postupalsky  (1989)  also  found 
that  lifetime  reproductive  success  ranged  from 
0  to  29  for  female  breeders  with  —57%  of  all 
female  breeders  producing  <3  young.  Osprey 
2002 A  reached  approximately  the  57  th  per¬ 
centile  of  female  breeding  Ospreys  for  life¬ 
time  reproductive  success.  Average  annual  re¬ 
productive  success  for  Osprey  2002A  was 
about  average  for  Ospreys  (Poole  et  al.  2002) 
and  was  above  estimates  of  average  annual 
reproduction  required  to  maintain  a  stable 
population  (0.79  young/pair;  Spitzer  1980, 
Postupalsky  1989;  SP,  unpubl.  data). 
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Selection  of  Fresh  Vegetation  for  Nest  Lining  by  Red-shouldered  Hawks 

Cheryl  R.  Dykstra,1,4  Jeffrey  L.  Hays,1 2  and  Melinda  M.  Simon3 4 


ABSTRACT. — Red-shouldered  Hawks  ( Buteo  li- 
neatus)  typically  line  their  nests  with  fresh  branches 
of  coniferous  and  deciduous  trees.  We  recorded  all  spe¬ 
cies  of  green  material  present  in  63  nests  from  2003 
to  2005  in  suburban  Cincinnati  in  southwestern  Ohio, 
and  in  35  nests  in  Hocking  Hills  in  southeastern  Ohio, 
United  States.  We  identified  all  trees  within  0.08-ha 
plots  at  33  nest  sites  in  southwestern  Ohio  and  30  in 
Hocking  Hills.  Red-shouldered  Hawks  in  southwestern 
Ohio  and  Hocking  Hills  used  black  cherry  (Prunus 
serotina )  branches  as  a  nest  lining  more  frequently 
than  expected,  based  on  Bailey’s  95%  confidence  in¬ 
tervals.  Black  cherry  was  found  in  >80%  of  nests  but 
present  in  only  57-58%  of  the  vegetation  plots,  and 
composed  only  4-5%  of  the  trees  in  the  forests  of  the 
study  areas.  White  pine  ( Pinus  strobus),  red  pine  (P. 
resinosa),  and  eastern  hemlock  (Tsuga  canadensis) 
also  were  used  more  than  expected  in  both  study  areas. 
Black  cherry  is  a  cyanogenic  species  and  may  provide 
an  advantage  to  nesting  Red- shouldered  Hawks  by 
functioning  as  a  natural  pesticide.  Received  26  Feb¬ 
ruary  2008.  Accepted  1  July  2008. 


Many  raptors  line  their  nests  with  fresh 
green  vegetation  consisting  primarily  of 
branches  or  sprigs  of  trees  (hereafter  “green¬ 
ery”)  (Preston  and  Beane  1993,  England  et  al. 
1997,  Buehler  2000,  Ferguson-Lees  and 
Christie  2001).  The  purpose  of  the  lining  has 
not  been  definitively  shown.  However,  it  has 
been  suggested  that  vegetation  brought  to  the 
nest  might  serve  a  signaling  function,  indicat¬ 
ing  the  occupancy  status  of  the  nest  to  con- 
specifics  and  others  (Newton  1979),  or  a  nest- 
sanitation  function,  covering  prey  remains  and 
waste  (Newton  1979). 

Red- shouldered  Hawks  ( Buteo  lineatus )  line 
their  nests  with  branches  of  fresh  vegetation 
(Dykstra  et  al.  2008).  They  begin  bringing 
greenery  during  the  nest-building  phase  (early 


1  Raptor  Environmental,  7280  Susan  Springs  Drive, 
West  Chester,  OH  45069,  USA. 

2  RAPTOR  Inc.,  1419  Holmanview,  Wyoming,  OH 
45215,  USA. 

3  9016  Winthrop,  Cincinnati,  OH  45249,  USA. 

4  Corresponding  author; 
e-mail:  cheryldykstra@juno.com 


Feb  in  southern  Ohio;  Dykstra  et  al.  2008)  and 
continue  to  add  fresh  vegetation  throughout  the 
incubation  and  nestling  phases.  Red-shouldered 
Hawks  in  southern  Ohio,  United  States,  bring 
only  coniferous  greenery  from  February  through 
mid- April,  but  after  leaves  appear  on  deciduous 
trees,  they  carry  both  deciduous  and  coniferous 
branches  to  the  nests  (C.  R.  Dykstra  and  J.  F. 
Hays,  unpubl.  data).  The  objective  of  our  study 
was  to  examine  if  Red-shouldered  Hawks  selec¬ 
tively  used  particular  species  of  green  vegetation 
to  line  their  nests. 

METHODS 

Study  Areas. — We  studied  Red-shouldered 
Hawks  nesting  in  two  regions  of  southern  Ohio. 
The  southwest  Ohio  study  area  (SWOH)  in 
Hamilton,  Clermont,  and  Warren  counties  in  the 
suburbs  of  Cincinnati,  is  composed  of  residenc¬ 
es  surrounded  by  lawns  and  non-native  plant¬ 
ings,  interspersed  with  small  areas  of  natural 
forest  dominated  by  second-growth  mixed  me- 
sophytic,  oak-hickory  ( Quercus  spp.,  Carya 
spp.)  and  beech-maple  ( Fagus  grandifolia,  Acer 
saccharum)  associations. 

The  Hocking  Hills  study  area  (HH)  in 
southeastern  Ohio  is  composed  of  portions  of 
Wayne  National  Forest,  Hocking  State  Forest, 
Zaleski  State  Forest,  and  associated  private 
lands  in  Athens,  Hocking,  Vinton,  and  Perry 
counties.  The  predominant  forest  type  is  oak- 
hickory  with  plantations  of  white  pine  ( Pinus 
strobus)  and  red  pine  ( P .  resinosa). 

Green  Vegetation  Used  in  Nests. — Red¬ 
shouldered  Hawk  nest  locations  and  breeding 
areas  were  previously  known  to  us  (Dykstra  et 
al.  2000,  2004).  We  climbed  to  all  accessible 
nests  containing  nestlings  between  4  May  and 
13  June,  2003-2005  to  document  greenery  and 
to  band  nestlings.  We  identified  all  branches  or 
sprigs  of  fresh  green  vegetation  in  the  nests  to 
species  or  species-group,  and  recorded  the  pres¬ 
ence/absence  of  each  species.  We  identified  only 
fresh  greenery;  it  is  likely  this  vegetation  was 
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collected  by  hawks  after  deciduous  leaves  had 
emerged  in  mid-April. 

Tree  Species  Available  in  the  Study  Areas. — 
We  recorded  tree  species  and  diameter  at  breast 
height  (dbh)  of  trees  >8  cm  dbh  to  provide  a 
sample  for  trees  available  near  Red- shouldered 
Hawk  nest  sites  in  the  SWOH  and  HH  study 
areas  in  1997-1998  (Dykstra  et  al.  2000).  We 
centered  a  0.04-ha  circular  plot  (James  and  Shu- 
gart  1970)  on  each  nest  tree  ( n  =  33  in  SWOH, 
n  —  30  in  HH)  and  located  a  paired  random 
plot  at  a  distance  of  75-200  m  in  a  random 
direction  from  the  nest.  All  trees  within  the  plots 
were  identified  and  measured  (Dykstra  et  al. 
2000).  We  combined  data  from  each  nest  plot 
with  that  from  its  paired  random  plot  to  create 
a  combination  vegetation  plot  of  0.08  ha.  Nests 
for  which  we  identified  trees  in  circular  plots  in 
1997-1998  were  not  the  same  as  those  where 
we  identified  green  vegetation  in  nests  in  2003- 
2005;  however,  plots  and  nests  were  well  dis¬ 
tributed  throughout  the  same  study  areas.  This 
study  design  necessitated  a  pooled  statistical 
analysis. 

Statistical  Analyses. — We  recorded  nest  lin¬ 
ing  vegetation  at  some  breeding  areas  in  2  or 
3  years  during  2003-2005.  We  randomly  se¬ 
lected  1  year  of  data  for  inclusion  in  the  data 
set  for  these  breeding  areas  to  avoid  pseudo¬ 
replication  associated  with  individual  pairs  of 
birds  or  territories,  leaving  63  independent 
nests  in  SWOH  and  35  in  HH.  We  limited  our 
analyses  to  the  10  species  of  greenery  most 
commonly  found  in  nests.  We  used  Bailey’s 
95%  Cl  (following  Boal  et  al.  2005)  con¬ 
structed  following  a  x2  goodness-of-fit  test 
(with  Systat  8.0).  The  CIs  for  the  proportion 
of  nests  using  a  particular  species  for  nest  lin¬ 
ing  were  compared  to  the  proportion  of  veg¬ 
etation  plots  containing  at  least  one  tree  of 
that  species  (availability).  If  the  proportion  of 
plots  containing  the  species  was  below  or 
above  the  95%  Cl,  we  considered  the  nesting 
Red-shouldered  Hawks  had  used  that  species 
as  a  lining  more  or  less  than  expected,  re¬ 
spectively.  We  also  recorded  the  number  of 
trees  of  each  species  in  the  combination  plots 
and  reported  the  sum  as  a  percentage  of  total 
trees  in  all  plots  combined. 

RESULTS 

Red-shouldered  Hawks  in  both  study  areas 
used  black  cherry  ( Prunus  serotina )  branches 


as  a  nest  lining  more  frequently  than  expected 
(Table  1).  Black  cherry  was  found  in  >80% 
of  nests  but  present  in  only  57-58%  of  the 
0.08-ha  vegetation  plots  (Table  1),  and  com¬ 
posed  only  4-5%  of  the  trees  in  the  forests  of 
the  study  areas  (i.e.,  in  the  vegetation  plots). 

The  95%  Cl  assessment  indicated  white 
pine,  red  pine,  and  eastern  hemlock  ( Tsuga 
canadensis)  were  used  as  nest-lining  material 
more  than  expected  based  on  availability  in 
both  SWOH  and  HH  (Table  1).  Red  cedar 
(Juniperus  virginiana )  was  used  more  than 
expected  in  SWOH.  The  remaining  species 
were  used  in  proportion  to  their  availability  or 
less  often  than  expected  (Table  1). 

The  average  number  of  species  of  greenery 
was  4.3  ±  0.2  (SE)  per  nest  in  SWOH  and 
3.5  ±  0.2  per  nest  in  HH.  However,  the 
amount  of  greenery  in  nests  varied  widely, 
from  a  few  small  sprigs  in  the  center  of  the 
nest  cup  to  many  large  branches  that  covered 
the  entire  nest  (C.  R.  Dykstra  and  J.  L.  Hays, 
unpubl.  data).  The  average  number  of  trees 
per  0.08-ha  plot  was  32.7  ±  2.5  in  SWOH  and 
33.4  ±  2.5  in  HH.  Totals  of  1,079  and  1,001 
trees  were  identified  in  circular  plots  in 
SWOH  and  HH,  respectively. 

DISCUSSION 

Use  of  Coniferous  Species  as  Nest  Lining. — 
Red- shouldered  Hawks  in  both  study  areas  ap¬ 
parently  used  red  pine,  white  pine,  and  eastern 
hemlock  more  than  expected  based  on  avail¬ 
ability.  Both  pines  are  non-native  in  the  study 
areas  and  are  nonrandomly  distributed  (i.e., 
planted  primarily  in  plantations  or  in  residential 
areas);  it  is  possible  that  our  vegetation  plots 
may  not  have  adequately  sampled  the  distribu¬ 
tion  of  pines  in  the  habitat.  Hemlock  is  native 
in  the  Hocking  Hills  region,  growing  primarily 
in  north-facing  ravines  and  along  streams.  It  is 
not  native  to  southwestern  Ohio  although  it  is 
planted  in  some  residential  areas.  Red  cedar, 
used  more  than  expected  in  SWOH  but  not  in 
HH,  is  native  to  both  study  areas.  It  is  much 
more  common  in  SWOH  than  in  HH,  proba¬ 
bly  because  the  species’  nature  as  a  scrubby, 
early-colonizer  makes  it  more  suited  to  the  de¬ 
veloped  habitats  of  SWOH  than  to  the  heavily 
forested  HH.  Red-shouldered  Hawks  also  car¬ 
ry  significant  amounts  of  these  conifers  to 
their  nests  before  deciduous  leaf-out  (C.  R. 
Dykstra  and  J.  L.  Hays,  unpubl.  data). 
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TABLE  1.  Tree  -species  used  in  nest  linings  of  Red-shouldered  Hawk  nests  vs.  tree  species  availability, 
southwestern  Ohio  and  Hocking  Hills  region  in  southeastern  Ohio.  Assessment  based  on  Bailey’s  95%  Cl, 
comparing  the  percentage  of  nests  using  each  tree  species  as  a  nest  lining  vs.  the  percentage  of  vegetation  plots 
containing  that  species  (availability). 

Region  Tree  species 

Percent  of  nests  having 
species  as  nest  lining 
material  (Use) 

Percent  of 
vegetation  plots 

Use  vs. 
Availability3 

Mean 

95%  Cl 

(Availability) 

Southwestern  Ohio  Black  cherryb 

81.0 

66.1-90.3 

57.8 

More 

Red  cedar 

73.0 

57.9-84.2 

9.1 

More 

White  pine 

28.6 

16.2-42,7 

0 

More 

Red  pine 

7.9 

1.9-18.7 

0 

More 

Ash  spp. 

22.2 

11.3-35.8 

78.8 

Less 

Buckeye  spp. 

1.6 

0-9.4 

24.2 

Less 

White  oak 

11.1 

3.7-22.8 

18.2 

No  difference 

Northern  red  oak 

15.9 

6.7-28.6 

33.3 

Less 

Sugar  maple 

28.6 

16.2-42.7 

72.7 

Less 

Eastern  hemlock 

14.3 

5.6-26.7 

0 

More 

Hocking  Hills  Black  cherry 

82.9 

62.5-93.9 

56.7 

More 

Red  cedar 

2.9 

0-16.3 

0 

No  difference 

White  pine 

48.6 

28.4-67.5 

23.3 

More 

Red  pine 

28.6 

12.5-48.0 

3.3 

More 

Ash  spp. 

5.7 

0.2-20.7 

•26.7 

Less 

Buckeye  spp. 

20.0 

6.7-38.7 

33.3 

No  difference 

White  oak 

20.0 

6.7-38.7 

26.7 

No  difference 

Northern  red  oak 

11.4 

2.1-28.4 

36.7 

Less 

Sugar  maple 

2.9 

0-16.3 

46.7 

Less 

Eastern  hemlock 

22.9 

8.5-41.9 

3.3 

More 

a  We  consider  the  species  was  used  as  a  nest  lining  more  or  less  than  expected  based  on  availability,  respectively,  if  the  percent  of  vegetation  plots 
containing  the  species  was  below  or  above  the  95%  Cl. 

b  Scientific  names  of  tree  species:  black  cherry  (. Prunus  serotina),  red  cedar  (Juniper us  virginiana),  white  pine  (Pinus  strobus ),  red  pine  (P .  resinosa). 
Ash  spp.  ( Fraxinus  americana  and  F.  pennsylvanica),  Buckeye  spp.  (Aesculus  glabra  and  A.  octandra),  white  oak  ( Quercus  alba),  northern  red  oak  ( Q . 
rubra),  sugar  maple  (Acer  saccharum),  and  eastern  hemlock  (Tsuga  canadensis). 


Use  of  Deciduous  Species  as  Nest  Lining. — 
Red-shouldered  Hawks  in  both  study  areas  used 
black  cherry  more  than  expected  based  on  avail¬ 
ability:  more  than  80%  of  nests  we  studied  con¬ 
tained  this  species  as  a  nest  lining.  Black  cherry, 
a  medium-sized  tree  native  to  both  study  areas, 
is  present  in  small  numbers  in  most  forest  types 
throughout  the  region.  Black  cherry  is  a  cya- 
nogenic  species,  releasing  volatile  hydrogen  cy¬ 
anide  (HCN)  from  its  leaves  when  they  wilt  or 
become  damaged  by  herbivory  (Conn  1979). 
The  cyanogenesis  reaction,  in  addition  to  HCN, 
also  releases  other  volatile  compounds  such  as 
acetone,  2-butanone,  and  benzaldehyde,  the  last 
of  which  has  been  shown  to  repel  ants  (For- 
micidae)  (Peterson  et  al.  1987). 

We  suggest  the  black  cherry  used  by  Red¬ 
shouldered  Hawks  may  provide  an  advantage 
to  the  nesting  birds  by  functioning  as  a  bac¬ 
tericide,  insecticide,  or  insect  repellent.  Clark 
(1991)  suggests  greenery  some  passerines  add 
to  their  nests  may  release  volatile  compounds 


having  insecticidal  properties.  The  addition  of 
yarrow  {Achillea  millefolium)  to  Tree  Swallow 
( Tachycineta  bicolor)  nest  boxes  reduced  flea 
abundance  (Shutler  and  Campbell  2007),  and 
removal  of  greenery  from  nests  of  European 
Starlings  {Sturnus  vulgaris)  resulted  in  an  in¬ 
crease  in  mite  populations  (Clark  1991).  It 
would  be  interesting  to  examine  the  relation¬ 
ship  between  microbe  and  insect  abundance, 
and  presence  of  black  cherry  in  hawk  nests, 
to  learn  if  black  cherry  has  a  positive  effect 
on  reproductive  success.  It  would  also  be  in¬ 
teresting  to  learn  if  Red-shouldered  Hawks  in 
other  regions  selectively  line  their  nests  with 
black  cherry  or  any  other  species. 
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Ad  Libitum  Water  Source  for  a  Common  Raven 
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ABSTRACT. — We  report  a  Common  Raven  (Corvus 
corax)  that  learned  to  turn  on  a  water  faucet  in  a  camp¬ 
ground  at  Death  Valley  National  Park,  Inyo  County,  Cal¬ 
ifornia,  USA,  and  drink  from  it.  Ad  libitum  availability 
of  water  has  important  implications  for  survival  and  re¬ 
productive  success  of  desert  birds.  Ravens  commonly  ex¬ 
ploit  anthropogenic  sources  of  water  and  food;  these  be¬ 
haviors  are  of  interest  because  ravens  can  be  important 
predators  of  the  federally-threatened  desert  tortoise  (Go- 
pherus  agassizii).  Our  observation  is  further  evidence  of 
the  resourcefulness  of  ravens  and  challenges  involved  in 
limiting  access  to  anthropogenic  resources  for  an  intelli¬ 
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Anthropogenic  sources  of  water,  whether 
provided  intentionally  or  not,  can  influence 
the  size  and  quality  of  habitats  for  birds  that 
require  free  water  (Fisher  et  al.  1972,  Kotler 
et  al.  1998,  Harrington  2002,  Boarman  2003). 
Ravens  ( Corvus  spp.)  commonly  drink  from 
unrestricted  artificial  water  sources  such  as 
stock  tanks  (Knight  et  al.  1998,  Harrington 
2002),  sewage  ponds  (Boarman  2003),  and 
wildlife  water  catchments  (O’Brien  et  al. 
2006).  Common  Ravens  (C.  corax)  in  the  Mo¬ 
jave  Desert  of  North  America  greatly  improve 
their  survivorship  and  fecundity  by  exploiting 
anthropogenic  subsidies  (Webb  et  al.  2004, 
Kristan  and  Boarman  2007),  which  has  re¬ 
sulted  in  a  dramatic  increase  in  their  popula¬ 
tion  size  in  recent  years  (Boarman  and  Berry 
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1995,  Kristan  and  Boatman  2007).  This  in¬ 
crease  in  raven  abundance  is  of  concern  be¬ 
cause  Common  Ravens  can  be  important 
predators  of  the  federally-threatened  desert 
tortoise  ( Gopherus  agassizii)  (Boarman  2003). 
We  observed  a  Common  Raven  that  learned 
to  exploit  an  artificial  water  source  usually  un¬ 
available  to  wildlife:  a  water  faucet  that  was 
intended  for  use  of  campers  and  travelers  in 
Death  Valley  National  Park  where  Common 
Ravens  are  abundant  year  round  (National 
Park  Service  2006)  and  the  desert  tortoise  is 
present  (Morafka  and  Berry  2002). 

OBSERVATIONS 

At  -1700  hrs  PST  on  9  April  2007,  three 
of  the  authors  (LMH,  JDB,  and  KK)  observed 
a  Common  Raven  at  Emigrant  Campground 
(36°  29'  47.73"  N,  1 17°  13'  39.26"  W;  eleva¬ 
tion  656  m)  in  Death  Valley  National  Park, 
Inyo  County,  California,  USA.  Natural  sourc¬ 
es  of  water  were  limited  at  the  time  because 
of  low  amounts  of  precipitation  during  the 
previous  6  months  (Western  Regional  Climate 
Center  2007).  The  raven  landed  on  the  ground 
near  a  picnic  table  and  walked  slowly  by,  un¬ 
successfully  searching  for  food.  After  a  few 
minutes,  it  flew  to  a  sign  above  a  nearby  water 
faucet.  It  then  hopped  down  to  the  faucet, 
turned  it  on,  and  bent  down  to  drink  several 
times.  The  raven  hopped  back  onto  the  sign 
and  then  flew  to  a  tree  —30  m  away.  There 
also  was  a  smaller  raven  perched  in  the  tree, 
and  it  visited  the  campground,  but  did  not 
drink  from  the  faucet.  The  two  birds  were  the 
only  ravens  in  the  vicinity  of  the  trees  at  that 
time.  We  suspected  the  larger  raven  was  a 
male  and  the  smaller  raven  was  its  mate  be¬ 
cause  male  ravens  are  larger  than  females, 
they  more  readily  engage  in  potentially  risky 
foraging  behaviors,  and  because  the  two  birds 
were  amicable  and  in  close  association  (all  di¬ 
agnostic  of  mated  pairs;  WCW,  unpubl.  data). 
The  smaller  bird  was  probably  not  a  juvenile, 
because  juveniles  of  the  current  year  would 
not  yet  have  fledged  at  the  time  of  our  obser¬ 
vation,  and  juveniles  of  the  previous  year 
would  have  dispersed  from  their  natal  territory 
by  that  time  (Heath  and  Ballard  2003,  Webb 
et  al.  2004). 

The  larger  raven  returned  to  the  sign  after 
<30  min  and  again  turned  on  the  faucet  and 
drank  from  it.  We  photographed  the  male  dur¬ 


ing  the  second  visit,  and  also  video  recorded 
it  with  a  digital  camera  (Olympus  C-765  Ultra 
Zoom,  Olympus  America  Inc.,  Center  Valley, 
PA,  USA).  The  faucet  was  a  brass  self-closing 
hose  bib  with  a  lever  handle  with  an  internal 
spring  that  shut  it  off  automatically.  It  was 
operated  by  pushing  down  on  the  lever  to  start 
the  flow  of  water,  then  releasing  the  lever  to 
stop  the  flow.  The  raven  landed  with  its  left 
foot  on  the  handle;  it  was  not  possible  to  iden¬ 
tify  the  position  of  its  right  foot.  Water  began 
flowing  immediately,  the  raven  bent  down  and 
the  flow  stopped,  then  started  again,  and  the 
raven  drank  for  about  1  sec.  The  raven  then 
straightened  up,  and  the  flow  of  water  nearly 
stopped,  apparently  because  the  bird  had  re¬ 
duced  pressure  on  the  lever.  It  bent  down 
again,  the  flow  of  water  increased,  it  drank  for 
about  1  sec,  straightened  up,  and  the  flow 
nearly  stopped  again.  It  repeated  this  sequence 
of  behaviors  (bending  down  and  increasing 
the  flow,  drinking  for  1  sec,  then  straightening 
up  and  slowing  the  flow)  another  four  times. 
The  entire  process,  from  landing  on  the  faucet 
to  the  last  drink,  lasted  —20  seconds.  A  raven 
of  similar  size  drank  from  the  faucet  later  that 
afternoon  in  a  similar  manner,  but  we  could 
not  be  certain  it  was  the  same  bird. 

DISCUSSION 

Desert  birds  are  subject  to  desiccation  by 
water  loss  from  respiration  and  evaporative 
cooling  that  may  be  exacerbated  by  flight 
(Fisher  et  al.  1972,  Kotler  et  al.  1998).  Des¬ 
iccation  can  be  a  leading  cause  of  mortality  of 
birds  in  lower  elevation  areas  of  Death  Valley 
(Wauer  1962).  Availability  of  free  water  has 
important  implications  for  desert  birds,  partic¬ 
ularly  because  it  may  be  of  much  higher  qual¬ 
ity  than  water  from  natural  desert  sources 
(California  Department  of  Water  Resources 
2004).  This  is  especially  true  for  diurnal  spe¬ 
cies  that  are  permanent  residents  (Bartholo¬ 
mew  and  Cade  1963,  Lynn  et  al.  2006). 

Ravens  are  capable  of  learning  sophisticat¬ 
ed  behaviors  to  solve  problems  (Range  et  al. 
2006,  Heinrich  and  Bugnyar  2007),  allowing 
them  to  adapt  to  extreme  environments  and 
obtain  essential  resources  (Restani  et  al. 
2001).  The  raven  we  observed  may  have 
learned  to  operate  the  faucet  by  individual 
problem-solving,  imitating  another  raven,  or 
by  imitating  human  campground  visitors  (e.g.. 
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Hosey  et  al.  1997,  Sasvari  and  Hegyi  1998). 
Ravens  use  a  wide  variety  of  anthropogenic 
resources,  including  those  available  in  camp¬ 
grounds  (Marzluff  and  Neatherlin  2006).  Our 
observation  is  evidence  of  the  resourcefulness 
of  the  Common  Raven  and  challenges  in¬ 
volved  in  limiting  access  to  anthropogenic  re¬ 
sources  for  an  intelligent,  subsidized  predator. 
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First  Observation  of  Sap  Well  Use  and  Maintenance  by  the  Glossy 
Flowerpiercer  ( Diglossa  lafresnayii)  (Thraupidae) 

Paul  R.  Martin,1-2'4  Frances  Bonier,1-3  and  Ignacio  T.  Moore3 


ABSTRACT. — We  report  observations  of  a  Glossy 
Flowerpiercer  ( Diglossa  lafresnayii,  Thraupidae)  using 
and  maintaining  sap  wells  on  three  shrubs  (Asteraceae: 
Baccharis  arbutifolia)  on  the  east  slope  of  the  Ecua¬ 
dorian  Andes.  The  flowerpiercer  rotated  among  shrubs 
in  a  trapline  fashion,  licking  and  drinking  sap  and 
dragging  its  hooked  upper  mandible,  and  possibly  also 
its  lower  mandible,  along  the  wounds  in  the  Baccharis 
trunks,  presumably  to  keep  sap  flowing.  This  repre¬ 
sents,  to  our  knowledge,  the  first  description  of  sap 
well  use  and  maintenance  in  the  Thraupidae.  Received 
12  August  2008.  Accepted  14  December  2008. 


Plant  phloem  sap  is  primarily  used  in  trans¬ 
port  of  nutrients  (predominantly  sugars)  from 
photosynthetic  tissues  to  other  regions  of  the 
plant  (Freeman  2002,  Douglas  2006).  Sap  is 
protected  in  woody  plants  by  outer  cork  layers 
that  include  the  outer  bark  of  trees  and  shrubs 
(Fahn  1990,  Freeman  2002),  and  by  exudates 
that  impede  and  eventually  stop  sap  flow  from 
wounds  (Crafts  and  Crisp  1971).  Many  spe¬ 
cies  have  overcome  these  protections  to  feed 
on  phloem  sap,  including  insects  (notably  He- 
mipterans;  Douglas  2006),  mammals  (e.g., 
Goldingay  1987),  and  birds,  most  notably  sap- 
suckers  ( Sphyrapicus )  (Picidae)  (Tate  1973, 
Eberhardt  2000). 

Many  bird  species  across  diverse  families 
feed  on  sap  flowing  from  pre-existing  wounds 
(Foster  and  Tate  1966,  Daily  et  al.  1993,  Witmer 
1996,  Blendinger  1999,  Chapman  et  al.  1999, 
Pejchar  and  Jeffrey  2004,  Schlatter  and  Vergara 
2005)  or  exuded  in  a  modified  forcn  by  sap¬ 
feeding  insects  (“honeydew”)  (Reicholf  and 
Reicholf  1973,  Paton  1980,  Gaze  and  Clout 
1983,  Douglas  2006).  However,  few  bird  spe¬ 
cies  actively  cause  and  maintain  wounds  in  trees 
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or  other  plants  to  feed  on  sap.  Causing,  main¬ 
taining,  and  attending  sap  wells  has  been  de¬ 
scribed  for  several  genera  of  woodpeckers  (Pi¬ 
cidae;  e.g.,  Melanerpes,  Sphyrapicus,  Dendro- 
copos,  Pico  ides,  Campephilus )  (Tate  1973, 
Blendinger  1999,  Eberhardt  2000,  Winkler  and 
Christie  2002,  Schlatter  and  Vergara  2005),  and 
in  one  species  each  in  Psittacidae  (New  Zealand 
Kaka,  Nestor  meridionalis)  (O’Donnell  and 
Dilks  1989,  Morehouse  1997)  and  Drepanididae 
(Akiapolaau,  Hemignathus  munroi)  (Pratt  et  al. 
2001,  Pejchar  and  Jeffrey  2004).  Crimson  Ro- 
sella  ( Platycercus  efegans)  have  also  been  ob¬ 
served  maintaining  sap  flow  from  wounds  cre¬ 
ated  by  a  mammal  (yellow-bellied  glider,  Pe- 
taurus  australis )  (Chapman  et  al.  1999).  We  de¬ 
scribe  sap  well  use  and  maintenance  by  a 
neotropical  tanager,  the  Glossy  Flowerpiercer 
C Diglossa  lafresnayii )  representing,  to  our 
knowledge,  the  first  description  of  the  behavior 
in  the  Thraupidae. 

OBSERVATIONS 

We  found  an  adult  Glossy  Flowerpiercer  on 
17  October  2006  flying  between  several  Bac¬ 
charis  arbutifolia  (Asteraceae)  shrubs  above 
Lago  Papallacta,  Napo,  Ecuador  (00°  22'  S, 
78°  10'  W)  at  3,350  m  in  montane  Andean 
forest.  The  mean  annual  temperature  in  this 
area  is  8.7  °C  with  mean  annual  precipitation 
of  972.4  mm  (climate  data  from  <5  km  at 
3,300  m;  ITM,  unpubl.  data).  The  flowerpier¬ 
cer  would  spend  brief  amounts  of  time  at  each 
shrub,  scraping  wounds  on  the  trunk,  and  lick¬ 
ing  the  exuding  sap  with  its  tongue  before  fly¬ 
ing  5—10  m  to  another  shrub.  The  bird  would 
return  to  each  shrub  every  5-10  min  and  re¬ 
peat  the  behavior.  Upon  inspection,  we  found 
sweet-tasting  sap  slowly  welling  in  the  scars 
that  were  apparently  being  maintained  by  the 
flowerpiercer  through  the  repeated  dragging  of 
the  hook  at  the  tip  of  the  upper  mandible  (and 
possibly  also  the  lower  mandible)  along  the 
wounds.  Wounds  in  the  shrubs  varied  in  size, 
but  consisted  of  a  section  without  bark  that 
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transected  the  trunk  (usually  extending  one 
third  to  one  half  of  the  way  around  the  small 
2-3  cm  diameter  trunks),  in  addition  to  longer 
sections  that  ran  parallel  to  the  trunk  for  10- 
20  cm.  Wounds  were  a  few  millimeters  deep 
but,  in  some  cases,  appeared  worn  on  one 
side.  We  observed  the  flowerpiercer  drinking 
sap  and  dragging  its  bill  along  only  one  side 
of  the  scar,  at  the  abrupt  border  of  the  scar 
and  bark.  The  flowerpiercer  did  not  attend  the 
remaining  worn  side  of  the  scar  and  area  with¬ 
out  bark  during  our  observations. 

We  identified  three  shrubs  the  flowerpiercer 
was  attending  sequentially,  possibly  attending 
additional  shrubs  out  of  view  before  returning 
to  locations  we  identified.  All  three  shrubs  were 
the  same  species  and  of  similar  size  (diameter 
at  breast  height  2-4  cm;  3-5  m  tall).  Wells 
ranged  from  ~1  to  2  m  above  the  ground.  Ad¬ 
ditional  Baccharis  arbutifolia  shrubs  near  those 
with  active  wells  showed  scars  that  resembled 
healed  wounds  used  by  the  flowerpiercer.  The 
shrubs  being  used  were  >5  m  apart,  despite  the 
presence  of  other  similar  size  Baccharis  arbu¬ 
tifolia  in  closer  proximity.  At  least  one  addi¬ 
tional  Glossy  Flowerpiercer  was  frequently 
heard  singing  and  seen  in  the  immediate  area  of 
the  sap  wells,  and  was  chased  from  the  vicinity 
of  one  of  the  wells  by  the  one  confirmed  indi¬ 
vidual  that  attended  the  wells.  Birds  were  not 
banded,  and  we  could  not  distinguish  or  identify 
the  gender  of  individuals;  we  cannot  dismiss  the 
possibility  that  more  than  one  individual  attend¬ 
ed  the  wells. 

We  returned  to  the  location  on  19  October 
2006  and  obtained  a  video  of  presumably  the 
same  bird  at  one  of  the  sap  wells,  allowing 
close  observation  of  the  bird’s  behavior.  The 
video  is  available  in  the  Handbook  of  the 
Birds  of  the  World’s  Internet  Video  Collection, 
(http://ibc.hbw.com/ibc/).  The  bird  first  ar¬ 
rived  at  the  wound,  and  licked  and  drank  sap 
that  had  accumulated  in  the  upper  part  of  the 
wound.  The  bird  then  dragged  its  hooked  up¬ 
per  mandible  (and  possibly  also  its  lower 
mandible)  along  the  wound  in  the  trunk, 
working  its  way  down.  Twenty-three  sec  later, 
the  bird  reappeared,  dragging  its  hooked  upper 
mandible  along  the  same  sections  of  wounded 
trunk,  dragging  downward  in  independent  mo¬ 
tions,  hopping  up  to  attend  progressively 
higher  sections  of  the  wounded  trunk.  Once 
the  entire  wound  had  been  scraped  twice,  the 


bird  flew  away.  We  presume  dragging  of  the 
hooked  upper  mandible  reopened  the  wound 
to  allow  continued  sap  flow.  We  are  unclear 
as  to  the  extent  to  which  the  lower  mandible 
was  dragged  along  the  wound  on  the  shrub, 
and  it  is  possible  the  lower  mandible  had  an 
important  role  in  keeping  open  the  wound.  No 
other  birds  were  seen  attending  the  sap  wells 
during  video-taped  or  direct  observations  at 
the  site.  Our  total  observation  time  at  the  site 
over  the  2  days  was  ~4  hrs.  Weather  during 
our  observation  period  on  both  days  was  cool 
and  cloudy  with  brief  periods  of  sun. 

DISCUSSION 

Flowerpiercers  are  generally  well-known  for 
their  ability  to  obtain  nectar  from  flowers  by 
piercing  the  base  of  corollas  and  drinking  the 
nectar  without  pollinating  the  plant  (Skutch 
1954,  Moynihan  1963,  Vuilleumier  1969,  Isler 
and  Isler  1999).  Flowerpiercers  also  feed  on 
nectar  by  entering  the  corolla  directly  (and  pol¬ 
linating  some  flowers),  and  eat  fruit,  Mullerian 
bodies  of  Cecropia  trees,  flower  petals,  and  in¬ 
sects  (Skutch  1954;  Moynihan  1963;  Vuilleu¬ 
mier  1969;  Hilty  and  Brown  1986;  Fjeldsa  and 
Krabbe  1990;  Isler  and  Isler  1999;  Rojas-Nossa 
2007;  R.  C.  Dobbs,  pers.  comm.).  We  regularly 
observed  Glossy  Flowerpiercers  feeding  on  nec¬ 
tar  (both  by  piercing  the  base  of  corollas  and  by 
probing  the  corollas)  within  5  km  of  the  sap 
wells,  but  did  not  observe  the  focal  bird  forag¬ 
ing  on  anything  but  sap. 

Sap  wells  are  often  attended  (or  parasitized) 
by  other  species  that  consume  the  exuding  sap 
(e.g.,  Foster  and  Tate  1966,  Daily  et  al.  1993, 
Blendinger  1999,  Chapman  et  al.  1999),  and 
we  observed  a  similar  situation  at  the  sap  well 
we  video-taped.  We  observed  5  insects  at¬ 
tending  the  sap  well  (including  Diptera)  dur¬ 
ing  12  min  of  video,  apparently  consuming 
sap.  No  other  birds  were  observed  attending 
the  sap  well  during  our  limited  time  of  obser¬ 
vation,  despite  many  co-occurring  humming¬ 
birds  and  tanagers  in  the  area:  We  did  not  ob¬ 
serve  flowerpiercers  eating  insects  that  were 
attending  the  sap  well. 

We  suspect  this  Glossy  Flowerpiercer  inflict¬ 
ed  the  original  wound  in  the  Baccharis  using 
the  same  technique  that  it  used  to  maintain  sap 
flow;  however,  we  did  not  witness  the  original 
formation  of  the  wound.  Other  species  have 
been  observed  secondarily  maintaining  sap 
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wells  they  did  not  create  (e.g.,  Platycercus  ele- 
gans ;  Chapman  et  al.  1999);  however,  no  other 
species  of  vertebrate  is  presently  known  to  cre¬ 
ate  sap  wells  in  montane  forests  of  the  eastern 
Andes  of  Ecuador.  The  distinct  wound  pattern 
used  by  the  Glossy  Flowerpiercer  is  unlike  most 
others  described  for  sap  feeders.  The  use  and 
maintenance  of  this  trapline  of  sap  wells  rep¬ 
resents,  to  our  knowledge,  a  novel  behavior  in 
the  Thraupidae. 
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CHICO,  GEORGE,  THE  BIRDS,  AND 
ME.  By  Dorothy  Chapman  Saunders.  Texas 
A&M  University  Press,  College  Station,  USA. 
2008:  217  pages,  16  black  and  white,  and  20 
color  photos,  map,  and  bird  checklist.  ISBN- 
13:  978-1-60344-061-5.  $34.00  (cloth).— Not 
many  American  newlyweds  get  to  spend  5 
months  on  a  biological  survey  in  a  foreign 
country  courtesy  of  the  U.S.  government,  but 
that  is  just  what  happened  to  botanist  Dorothy 
Saunders  and  her  husband  ornithologist 
George  Saunders  on  a  trip  to  Mexico  in  1948 
and  1949  where  George  conducted  field  sur¬ 
veys  of  waterfowl  (Anseriformes)  and  White¬ 
winged  Doves  (Zenaida  asiatica).  Dorothy, 
who  went  along  as  an  unpaid  “scientific  col¬ 
laborator,”  kept  a  delightful,  first-person  diary 
of  that  trip  which  is  the  basis  of  this  book. 

It  is  likely  that  few  new  brides  would  have 
been  as  tolerant  of  getting  food  poisoning, 
traveling  hundreds  of  kilometers  over  primi¬ 
tive  roads  in  an  underpowered  Jeep  named 
“Chico,”  or  camping  out  with  mosquitoes, 
ticks,  and  intoxicated  fishermen  who  threat¬ 
ened  their  lives,  but  Dorothy  was  tough,  tal¬ 
ented,  and  apparently  fearless.  Even  before 
she  met  George,  Dorothy  had  completed  a 
Ph.D.  in  botany  with  high  honors  from  the 
University  of  Michigan,  Ann  Arbor.  She  was 
an  artist,  musician,  newspaper  reporter,  and 
ham  radio  operator.  She  participated  in  sports 
(including  baseball,  basketball,  swimming, 
skiing,  and  rifle  marksmanship).  She  earned  a 
pilot’s  license  and  bought  and  flew  her  own 
plane.  She  spoke  French,  Latin,  and  Spanish. 
Dorothy  traveled  widely  and  worked  for  the 
U.S.  Department  of  Agriculture  as  a  research 
agriculturist  in  Peru,  Ecuador,  El  Salvador, 
Cuba,  and  Guatemala.  It  was  at  the  U.S.  em¬ 
bassy  in  Guatemala  where  she  met  George 
Saunders  whom  she  married  in  1947. 

George  Saunders  earned  a  Ph.D.  from  Cor¬ 
nell  University,  Ithaca,  New  York  in  1932  for 
his  taxonomic  studies  on  meadowlarks  ( Stur - 
nella).  He  later  made  an  ornithological  expe¬ 
dition  to  southern  Africa  for  the  Philadelphia 
Academy  of  Sciences.  In  1937,  he  joined  the 


federal  Bureau  of  Biological  Survey,  U.S.  De¬ 
partment  of  Agriculture  as  that  agency’s  first 
Central  Flyway  biologist.  In  this  capacity, 
George  literally  followed  waterfowl  from  their 
Canadian  and  U.S.  breeding  areas  to  Mexico 
and  Central  America.  He  was  among  the  first 
waterfowl  biologists  to  champion  the  use  of 
low-flying  aircraft  to  survey  waterfowl  and 
their  habitats.  After  1939,  his  summer  assign¬ 
ment  was  to  study  White-winged  Doves  in 
south  Texas  and  the  Southwest.  U.S.  obliga¬ 
tions  under  the  Migratory  Bird  Treaty  Act  and 
the  U.S. -Mexican  Treaty  were  the  primary 
justifications  for  the  Saunders’s  1948-1949 
trip  to  Mexico  to  conduct  field  studies  on  wa¬ 
terfowl  and  White-winged  Doves. 

After  months  of  preparation  and  intense 
last-minute  hassle  of  clearing  Customs  and 
importing  firearms  across  the  border  into 
Mexico,  George  and  Dorothy  drove  south 
from  Reynosa  to  Mexico  City,  then  Acapulco 
and  Oaxaca,  east  to  Veracruz,  north  to  Ta- 
maulipas  and  finally  back  to  McAllen,  Texas. 
Along  the  way,  they  visited  numerous  wet¬ 
lands  that  George  had  previously  seen  only 
from  the  air.  George  surveyed  waterfowl  pop- 
ulations  at  all  wetland  sites,  and  collected  wa¬ 
terfowl  and  other  birds  for  study  skins  for  the 
National  Museum  of  Natural  History  in  Wash¬ 
ington,  D.C.  Meanwhile,  Dorothy  helped  col¬ 
lect  birds,  collected  and  preserved  wetland 
and  terrestrial  plants,  drew  and  painted  with 
watercolors,  and  wrote  about  their  trip. 

At  Lake  Patzcuaro,  Michoacan,  they  ob¬ 
served  Indios  (natives)  hunting  from  dugout 
canoes  for  waterfowl  and  coots  ( Fulica  amer- 
icana)  with  muzzle-loading  shotguns  and  at - 
latls  (spears  propelled  by  throwing  sticks). 
Many  of  the  wetlands  they  encountered  ap¬ 
peared  to  be  shrinking  in  size  from  centuries 
of  overuse,  and  several  large  lakebeds  near 
Mexico  City  and  west  were  only  blowing 
dust. 

At  the  beginning  of  their  trip,  Dorothy  was 
a  birding  novice,  but  she  learned  quickly  and 
added  170  new  species  to  her  life  list.  She  and 
George  often  named  their  campsites  after  the 
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first  new  bird  seen.  Thus,  early  in  the  trip,  she 
writes  of  places  they  named  “Camp  of  the 
Black  Robin”  (Black  Thrush,  Turdus  infus- 
catus)  and  “Camp  of  the  Canyon  Wren” 

( Catherpes  mexicanus).  At  one  campsite,  a  fe¬ 
male  American  Redstart  ( Setophaga  ruticilla ) 
came  into  their  camp  at  night,  fed  on  insects 
attracted  to  their  lantern,  and  perched  on  their 
heads  and  shoulders. 

George  was  especially  interested  in  White¬ 
winged  Doves,  and  Dorothy  used  a  recorder 
(the  ancient  wooden  musical  instrument)  to 
work  out  the  notes  of  their  lovely  calls  so  she 
could  accurately  transcribe  the  musical  score 
on  paper.  She  and  George  later  observed  the 
White-winged  Dove  spring  migration  where 
the  birds  were  flying  from  their  Pacific  Coast 
lowland  wintering  areas  across  the  low  moun¬ 
tains  of  the  Isthmus  of  Tehuantepec  to  the 
Gulf  Coast  lowlands  near  Veracruz.  This  part 
of  the  migration  route  had  not  previously  been 
recorded  by  biologists. 

Dorothy  and  George  were  both  fluent  in 
Spanish,  and  most  of  the  people  encountered 
on  their  trip  were  friendly  and  helpful,  even 
towing  their  stalled  Jeep  for  kilometers.  Do¬ 
rothy  wrote  extensively  about  the  people  and 
customs  of  Mexico,  its  history,  geology,  ar¬ 
cheology,  architecture,  churches,  hotels,  res¬ 
taurants,  and  local  mercados  (markets)  with 
ever-changing  inventories.  Among  the  items 
they  saw  offered  for  sale  were  beautiful  lo¬ 
cally  made  textiles,  handicrafts,  fresh  produce, 
flowers,  caged  song  birds,  and  waterfowl  and 
coots  harvested  by  local  hunters. 

Among  the  many  natural  wonders  Dorothy 
described  was  the  giant  cypress  tree  ( Taxo - 
dium  mucronatum )  in  the  little  town  of  Santa 
Maria  del  Tule  in  Oaxaca.  The  trunk  of  this 
tree  measures  more  than  160  feet  (48.7  m) 
around  at  four  feet  (1.2  m)  above  the  ground. 
The  tree  is  thought  to  be  2,000  to-  3,000  years 
old  and  is  the  largest  of  its  species  anywhere 
in  the  world. 

As  I  savored  Dorothy’s  accounts  of  all  they 
saw  in  Mexico  60  years  ago,  I  could  not  help 
wondering  what  those  areas  are  like  today. 
Then,  like  magic,  I  turned  the  last  page  of 
Dorothy’s  narrative,  and  there  was  the  Epi¬ 
logue  by  Jesus  Franco. 

■  Jesus,  a  native  of  Mexico  and  currently  a 
Texas  Parks  and  Wildlife  biologist,  did  an  ex¬ 


cellent  job  relating  what  has  changed  and 
what  remained  the  same  in  the  areas  the  Saun¬ 
ders’  visited  in  1948  and  1949.  As  Jesus 
notes,  border  crossings  can  still  be  painfully 
slow,  but  many  of  the  dusty  roads  they  trav¬ 
eled  are  now  modem,  multi-lane  public  and 
toll  roads.  Wetlands  that  were  almost  inacces¬ 
sible  60  years  ago  are  now  circled  by  roads 
and  some  have  enough  motorized  boat  traffic 
to  alter  waterfowl  feeding  and  loafing  behav¬ 
ior.  Coastal  wetlands  in  Tamaulipas  continue 
to  support  large  numbers  of  Redheads  ( Aythya 
americana)  and  Northern  Pintails  ( Anas  acu¬ 
ta),  but  habitat  for  terrestrial  and  aquatic  wild¬ 
life  throughout  Mexico  has  continued  to  de¬ 
cline.  For  more  than  half  of  Mexico’s  40  mil¬ 
lion  poor,  subsistence  farming,  livestock  pro¬ 
duction,  and  hunting  are  the  only  viable 
means  of  putting  food  on  the  table.  Simply 
stated,  wildlife  is  still  not  a  priority  in  Mexico 
today. 

There  is,  however,  far  greater  interest  in 
wildlife  conservation  in  Mexico  today  than 
there  was  60  years  ago.  Mexican  government 
officials  are  recognizing  the  value  of  using 
science-based  research  and  coordinating  wild¬ 
life  management  with  the  U.S.  Fish  and  Wild¬ 
life  Service,  Arizona  Game  and  Fish,  New 
Mexico  Game  and  Fish,  Texas  Parks  and 
Wildlife  Department,  and  other  public  and  pri¬ 
vate  conservation  groups.  Mexico  is  devel¬ 
oping  new  state  government  wildlife  programs 
and  participating  in  an  array  of  programs  like 
Wildlife  without  Borders,  Partners  for  Wild¬ 
life,  Joint  Ventures,  the  Trilateral  Committee 
for  Wildlife  and  Ecosystem  Conservation  and 
Management,  and  the  Border  Governors  Con¬ 
ference. 

Milt  Reeves  and  Roy  Tomlinson  have  per¬ 
formed  an  invaluable  service  to  wildlife  con¬ 
servation  by  helping  to  preserve  this  unique 
piece  of  history.  They  did  a  great  job  of  ed¬ 
iting  and  annotating.  Their  Introduction  chap¬ 
ter  sets  the  stage  for  the  rest  of  the  book.  The 
only  thing  I  could  suggest  to  improve  the 
book  would  be  larger  print  for  the  place 
names  on  the  map  of  Mexico. — RONNIE  R. 
GEORGE,  Wildlife  Biologist  (retired),  Texas 
Parks  and  Wildlife  Department,  8800  Cande¬ 
laria,  Austin,  TX  78737,  USA;  e-mail; 
george.ron  @  sbcglobal  .net 
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ALBATROSS:  THEIR  WORLD,  THEIR 
WAYS.  By  Tui  De  Roy,  Mark  Jones,  and  Julian 
Fitter.  Firefly  Books,  Buffalo,  New  York,  USA. 
2008:  240  pages,  color  photographs  throughout. 
ISBN  978-1-55407-415-0.  $49.95  (cloth).— 
Most  people  familiar  with  the  work  of  Tui  De 
Roy  and  her  co-authors  know  them  for  their  nu¬ 
merous  natural  history  books  about  the  Gala¬ 
pagos  Islands.  With  Albatross,  they  leave  their 
colony  behind  and  soar  out  over  the  open  ocean. 

The  book  consists  of  three  parts.  Part  One, 
titled  ‘Spirits  of  the  Oceans  Wild’,  written  by 
De  Roy,  is  a  breezy,  personal  introduction  to 
the  albatrosses  of  the  world.  Written  and  pho¬ 
tographed  with  the  passion  of  a  non-scientist, 
it  makes  up  well  over  half  of  the  book  in  eight 
chapters  dealing  with  all  the  albatross  species. 
It  reads  like  a  travelogue  sprinkled  with  nat¬ 
ural  history  notes  and  some  interesting  anec¬ 
dotes.  For  example,  De  Roy  recounts  finding 
carcasses  of  five  Southern  Royal  Albatrosses 
(Diomedea  epomophora)  on  a  ridge  on  Camp¬ 
bell  Island,  New  Zealand — apparent  victims 
of  “exceptionally  large  hailstones”! 

Most  of  the  text  in  Part  One  is  window- 
dressing  to  the  lavish  collection  of  photo¬ 
graphs  of  the  22  albatross  species  recognized 
in  the  book.  While  the  text  is  a  bit  too  senti¬ 
mental  for  my  taste,  the  images  are  amazing, 
often  stunning,  and  alone  are  worth  the  price 
of  admission.  Most  of  the  photographs  were 
taken  on  nesting  colonies  scattered  around  the 
globe  (vs.  at  sea)  and  one  gets  the  impression 
that  albatrosses  spend  most  of  their  lives  com¬ 
fortably  perched  at  their  nests,  bill-clapping 
and  nuzzling  each  other  in  sunny  locales  sur¬ 
rounded  by  bouquets  of  flowering  endemic 
plants.  But  instead  this  mainly  reflects  the  tal¬ 
ented  eye  of  a  patient  photographer.  De  Roy 
seems  to  have  gone  out  of  her  way  to  avoid 
including  any  albatross/human  interactions  in 
her  photographs — perhaps  a  missed  opportu¬ 
nity  to  show  readers  just  how  big,  and  often 
confiding,  albatrosses  really  are.  I  especially 
like  the  various  series  of  thumbnails  that  show 
the  highlights  of  courtship  behavior  for  sev¬ 
eral  species — “YouTube”  for  a  slower  gen¬ 
eration.  My  favorite  photograph  is  the  time 
exposure  on  the  bottom  of  page  127  of  a  bill¬ 
clapping  Waved  Albatross  ( Phoebastria  irror- 
ata ) — it  faithfully  captures  the  gooney  side  of 
albatross  behavior. 

Part  Two,  ‘Science  and  Conservation’,  begins 


with  an  historical  overview  of  human  interac¬ 
tions  with  albatrosses  by  Mark  Jones.  This  is 
followed  by  a  series  of  short,  2-3  page  contri¬ 
butions  by  17  prominent  albatross  researchers 
and  conservationists  addressing  aspects  of  al¬ 
batross  biology  and  management  issues.  These 
essays  provide  an  overview  of  long  term  alba¬ 
tross  studies  as  well  as  outlining  some  specific 
conservation  efforts  on  behalf  of  beleaguered  al¬ 
batross  populations  around  the  world.  The  con¬ 
clusions  are  the  same  everywhere — albatrosses 
are  in  trouble.  The  causes  may  vary  in  some 
cases,  but  by  and  large  it  is  incidental  mortality 
by  commercial  fisheries  that  is  driving  most  al¬ 
batross  populations  to  extirpation  or  extinction. 
The  table  on  page  151  says  it  all:  of  the  22 
currently  recognized  species,  4  are  Critically 
Endangered,  6  are  Endangered,  8  are  Vulnera¬ 
ble,  and  the  remaining  4  are  Near  Threatened; 
none  is  in  the  Least  Concern  category.  This 
makes  the  albatross  family,  Diomedeidae,  the 
most  endangered  bird  family  in  the  world  (for 
those  families  comprised  of  more  than  one  spe¬ 
cies).  The  essays  in  Part  Two  are  written  for  a 
lay  audience  and  I  doubt  the  average  reader  will 
ever  appreciate  the  endless  preparations,  dozens 
of  field  trips,  and  countless  days  of  mucking 
about  on  subantarctic  islands  that  go  into  for¬ 
mulating  a  seemingly  glib  statement  like  “ju¬ 
veniles  first  return  to  the  island  at  6-8  years  old 
and  begin  breeding  at  10-13  years  old”. 

Part  Three,  written  by  Julian  Fitter,  is  titled 
‘Species  Profiles’.  It  begins  with  a  short  intro¬ 
ductory  section  discussing  albatross  nomen¬ 
clature  and  taxonomy  (including  the  prolifer¬ 
ation  of  species  based  on  molecular  genetics 
findings),  along  with  some  discussion  on  gen¬ 
eral  life  history  traits  and  courtship  behavior. 
A  little  more  information  on  food  and  forag¬ 
ing  would  have  been  useful  here — after  all, 
albatrosses  are  endangered  mainly  because  of 
their  foraging  habits.  Next  is  a  series  of  spe¬ 
cies  accounts  which  provide  1.5-2  pages  of 
summary  information  for  each  albatross  spe¬ 
cies,  including  additional  photos,  range  maps, 
plumage  descriptions,  measurements,  breed¬ 
ing  distribution  and  population  estimates,  in¬ 
formation  on  breeding  biology,  some  very 
general  comments  on  prey  preferences  and 
feeding,  and  a  list  of  specific  threats. 

One  quibble  I  have  with  the  book  is  that 
ornithologists  consider  bird  species  names 
proper  nouns  and  always  capitalize  them.  To 
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people  who  do  not  study  birds  this  may  seem 
perverse,  but  it  does  help  avoid  confusion.  For 
example,  the  caption  on  page  139  identifies  a 
silhouette  in  the  accompanying  photograph  as 
a  ‘wandering  albatross’  and  we  are  left  to 
wonder  if  it  is  a  wandering  albatross  or  a 
Wandering  Albatross  ( Diomedea  exulans). 
Another  issue  is  that  Parts  Two  and  Three 
both  have  numerous  embedded  literature  ci¬ 
tations  but  no  full  citations  are  included  due 
to  ‘space  constraints’.  I,  for  one,  would  have 
rather  have  seen  either  a  Literature  Cited  sec¬ 
tion  included  (perhaps  replacing  the  Glossa¬ 
ry),  or  the  citations  dropped  altogether.  Also, 
possibly  I  have  spent  too  much  time  staring 
into  glare  on  the  ocean  but  the  silver  font  in 
all  of  the  picture  captions  is  more  difficult  to 
discern  than  it  needs  to  be. 

Small  issues  aside,  this  is  the  best,  most 
complete  collection  of  albatross  photographs 
ever  assembled  under  one  cover  and,  given 
the  effort  that  clearly  went  into  acquiring 
them,  it  probably  will  be  for  some  time  to 
come.  As  we  humans  continue  to  ramp  up  our 
destruction  of  the  natural  world,  it  is  clear  that 
we  are  leaving  behind  an  increasingly  impov¬ 
erished  planet  for  those  who  will  follow  us. 
We  can  only  hope  that  the  impassioned  im¬ 
agery  of  photographers  like  De  Roy  and  her 
colleagues  will  help  raise  awareness  and  con¬ 
cern  about  the  plight  of  albatrosses  worldwide 
and  that  it  will  be  in  time  to  help  turn  the  tide 
on  this  senseless  destruction.  If  not,  then  at 
least  we  will  have  these  elegant  photographs 
to  provide  a  visual  record  and  poignant  re¬ 
minder  of  what  it  was  we  chose  to  let  slip 
away.  This  may  seem  like  a  small  consolation, 
but  imagine  being  able  to  thumb  through  a 
book  filled  with  glossy  images  of  moas  (order 
Struthioniformes)  or  Dodos  ( Raphus  cuculla- 
tus).  If  albatrosses  interest  you  at  all,  this  book 
belongs  on  your  coffee  table. — ROBERT  L. 
PITMAN,  NOAA  Fisheries,  Southwest  Fish¬ 
eries  Science  Center,  8604  La  Jolla  Shores 
Drive,  La  Jolla,  CA  92037,  USA;  e-mail: 
robert.pitman  @  noaa.gov 


CRANES:  A  NATURAL  HISTORY  OF  A 
BIRD  IN  CRISIS.  By  Janice  M.  Hughes.  Fire¬ 


fly  Books  Ltd.,  Richmond  Hill,  Ontario,  Can¬ 
ada.  2008:  256  pages,  90  photographs.  ISBN 
978-1-55407-343-6.  $45.00  (plastic-laminated 
hardcover). — Hughes’  book  has  two  identi¬ 
ties.  The  first,  embodied  by  Chapters  1  and  6, 
considers  cranes  (Gruidae)  as  a  family  and 
provides  general  natural  history  information 
on  the  15  crane  species  worldwide.  The  sec¬ 
ond,  represented  by  Chapters  2—5,  is  a  story 
about  just  one  species,  the  iconic  North  Amer¬ 
ican  Whooping  Crane  ( Grus  americana),  in¬ 
cluding  the  historic  and  current  threats  and  the 
efforts  to  save  this  endangered  bird.  These 
two  identities  make  the  book  a  bit  disjointed, 
and  it  would  have  been  more  successful  had 
Hughes  focused  on  one  or  the  other  subject. 
However,  while  unfortunately  lacking  any  at¬ 
tribution  for  the  vast  amount  of  information 
provided  and  of  limited  use  for  scholars,  the 
book  is  strongest  in  its  coverage  of  the 
Whooping  Crane,,  and  is  likely  to  be  of  inter¬ 
est  to  Whooping  Crane  fans  in  the  general 
public — not  a  small  group  considering  the 
high  profile  of  the  species. 

Chapter  1  (The  Natural  History  of  Cranes) 
covers  several  general  topics,  including  an  in- 
depth  account  of  the  historical  ties  between 
cranes  and  human  culture  worldwide,  which  I 
found  enjoyable.  More  traditional  natural  his¬ 
tory  information  in  the  first  chapter  includes 
evolution,  anatomy,  feeding  ecology,  behav¬ 
ior,  reproduction,  migration,  threats,  and  con¬ 
servation  of  cranes.  The  chapter  reveals  a  con¬ 
trast  between  information  that  appears  gleaned 
from  the  scientific  literature,  and  somewhat 
more  fanciful  interpretation  of  crane  biology. 
For  example,  a  discourse  on  the  hypothesized 
role  of  dancing  in  facilitation  of  crane  social 
interactions  is  concluded  with  an  attribution  of 
dancing  to  “a  reflection  of  a  state  of  mind,  or 
heart  .  .  .  the  joy  of  life  [page  39].”  While 
this  chapter  includes  fairly  complete  coverage 
of  general  crane  ecology  and  behavior,  the  in¬ 
terpretation  might  be  less  comfortable  for  the 
more  science-minded  reader.  In  addition,  there 
are  some  errors  of  fact.  For  example,  the  con¬ 
clusion  that  “in  order  to  perpetuate  the  species 
[cranes]  must  successfully  raise  young  every 
year  of  their  long  lives  [page  41]”  is  clearly 
incorrect;  it  is  a  rare  crane  pair  that  breeds 
successfully  every  year.  In  addition,  the  author 
seems  to  confuse,  in  places,  her  own  values 
with  science;  in  a  discussion  about  hunting 
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she  concludes  that  “hunting  can  place  undue 
stress  on  local  populations  even  if  the  species, 
as  a  whole,  appears  plentiful  [page  52].” 
Clearly,  what  constitutes  “undue”  is  ultimate¬ 
ly  a  question  of  values.  That  said,  the  wealth 
of  information  in  this  chapter  may  serve  as  a 
useful  introduction  to  cranes  for  a  popular  au¬ 
dience. 

Chapter  2  (The  Decline  of  the  Whooping 
Crane)  tells  a  story  stretching  from  the  early 
recorded  history  of  Europeans’  first  encoun¬ 
ters  with  Whooping  Cranes  in  North  America, 
through  the  eras  of  the  millinery  trade  and  un¬ 
controlled  hunting,  through  early  efforts  to 
protect  remaining  Whooping  Cranes  by  estab¬ 
lishing  Aransas  National  Wildlife  Refuge  in 
coastal  Texas  in  what  was  essentially  the  last 
wintering  area  of  the  species.  What  this  chap¬ 
ter  does  best  is  bring  home  how  nearly  the 
species  was  lost,  and  how  the  threats  were  so 
clearly  tied  to  a  society  which  placed  little 
value  on  the  continued  existence  of  these 
birds. 

Chapter  3  (Recovery  of  the  Whooping 
Crane:  Population)  picks  up  the  story  in  1941, 
when  the  population  was  likely  at  its  lowest 
with  16  birds  counted  at  Aransas  that  fall. 
This  chapter  includes  an  enjoyable,  detailed 
account  of  the  search  for  the  Canadian  breed¬ 
ing  area  of  the  Whooping  Cranes,  and  the  con¬ 
tributions  of  Robert  Porter  Allen,  who  might 
be  thought  of  as  the  father  of  Whooping  Crane 
conservation.  The  background  of  the  chapter 
is  the  continued  slow,  but  steady,  increase  of 
Whooping  Cranes  in  the  wild  flock,  which  is 
perhaps  the  greatest  source  of  comfort  to 
Whooping  Crane  conservationists.  The  chap¬ 
ter  also  covers  the  trials  and  tribulations  faced 
by  those  interested  in  establishing  a  captive 
breeding  population  of  Whooping  Cranes,  ef¬ 
forts  which  ultimately  came  to  fruition  at  Pa¬ 
tuxent  Wildlife  Research  Center  and,  later,  at 
the  International  Crane  Foundation  and  sev¬ 
eral  other  breeding  centers.  The  chapter  closes 
with  a  discussion  of  the  project  to  establish  a 
non-migratory  flock  in  Florida. 

Chapter  4  (Recovery  of  the  Whooping 
Crane:  Migration)  tells  of  the  major  efforts  to 
restore  a  migratory  flock  of  Whooping 
Cranes,  including  the  early  efforts  of  biolo¬ 
gists  to  understand  the  mechanisms  control¬ 
ling  migration  in  Whooping  Cranes,  leading 
to  confirmation  that,  indeed,  migration  is  a 


learned  behavior  in  Whooping  Cranes  with  all 
of  the  challenges  to  restoration  that  this  fact 
entails.  The  chapter  focuses  on  the  two  major 
projects  designed  to  restore  migratory 
Whooping  Cranes:  the  failed  cross-fostering 
experiment  at  Gray’s  Lake  National  Wildlife 
Refuge  in  Idaho  (1970s-1980s),  and  since 
2001,  the  ultralight- led  migrations  of  Whoop¬ 
ing  Cranes  between  Necedah  National  Wild¬ 
life  Refuge  in  Wisconsin,  and  Chassahowitzka 
National  Wildlife  Refuge  in  Florida  designed 
to  establish  an  eastern  migratory  population. 
The  Whooping  Crane  Eastern  Partnership,  a 
multi-agency  and  -nonprofit  partnership  which 
oversees  this  effort,  has  achieved  several  stun¬ 
ning  victories:  Whooping  Cranes  have  been 
successfully  led  south  in  fall,  have  migrated 
north  on  their  own,  and  have  demonstrated 
reasonable  survival  rates.  One  additional  crit¬ 
ical  milestone,  adequate  reproduction  in  the 
flock,  has  so  far  been  tantalizingly  out  of 
reach.  Only  time  will  tell  whether  this  resto¬ 
ration  effort  ultimately  proves  successful. 

In  Chapters  2-4,  coverage  is  spotty  in  plac¬ 
es,  with  some  critical  historical  figures  playing 
central  roles  in  the  text  and  others  not  men¬ 
tioned  at  all.  Again,  some  factual  slips  creep 
in,  such  as  characterization  of  Wisconsin  as 
the  “core  of  historical  Whooping  Crane  dis¬ 
tribution  [page  179]”  despite  the  fact  that  al¬ 
most  no  historical  records  exist  of  Whooping 
Crane  nesting  in  the  state.  Such  oversights  and 
slips  aside,  I  found  these  3  chapters  to  be  a 
valuable  perspective  on  the  history  of  Whoop¬ 
ing  Crane  conservation  in  North  America.  The 
lack  of  citation  limits  the  utility  of  this  work 
for  scholars,  but  it  is  entertaining  reading. 

The  last  chapter,  Species  Profiles,  has  some 
value  as  a  general  reference.  In  this  chapter, 
the  author  returns  the  reader’s  attention  to 
Family  Gruidae  with  a  brief  account  of  the 
appearance,  distribution,  seasonal  movements, 
habitat,  food  habits,  behavior,  reproduction, 
and  status  of  each  of  the  world’s  15  crane  spe¬ 
cies. 

This  book  is  strongest  for  the  detailed  his¬ 
tory  it  provides  of  Whooping  Crane  conser¬ 
vation  efforts,  while  the  coverage  of  other 
species  in  Chapters  1  and  6  feels  a  bit  extra¬ 
neous.  This  book  is  the  most  up-to-date  and 
thorough  popular  coverage  of  Whooping 
Crane  conservation,  and  will  prove  an  enjoy¬ 
able  and  informative  read  for  those  interested 
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in  the  subject.  In  addition,  the  wealth  of  pho¬ 
tographs  throughout  adds  greatly  to  the  book. 
I  thank  J.  E.  Lyons  for  comments  on  this  re¬ 
view. — SARAH  J.  CONVERSE,  Research 
Ecologist,  USGS  Patuxent  Wildlife  Research 
Center,  12100  Beech  Forest  Road,  Laurel,  MD 
20708,  USA;  e-mail:  sconverse@usgs.gov 


THE  NORTHERN  GOSHAWK:  A  TECH¬ 
NICAL  ASSESSMENT  OF  ITS  STATUS, 
ECOLOGY,  AND  MANAGEMENT.  Edited 
by  Michael  L.  Morrison.  Studies  in  Avian  Bi¬ 
ology  Number  31.  Cooper  Ornithological  So¬ 
ciety,  Camarillo,  CA  2006:  367  pages.  ISBN: 
0-943610-68-0.  $23.00  (paper). — Few  birds 
command  the  attention  of  ornithologists,  re¬ 
source  managers,  and  anyone  who  wanders 
too  near  its  nest  as  does  the  Northern  Gos¬ 
hawk  ( Accipiter  gentilis).  Its  Holarctic  distri¬ 
bution,  historic  persecution,  exploitation,  and 
association  with  mature  forests,  also  valued  as 
timber  resources,  enables  the  goshawk  to  be 
studied  across  Europe  and  North  America,  and 
gives  practical  meaning  to  study  results.  This 
occurrence  and  significance  has  produced 
many  detailed  investigations  of  goshawk  bi¬ 
ology  and  conservation  which  are  collected 
into  this  important  volume.  This  technical  as¬ 
sessment  of  goshawk  biology  and  manage¬ 
ment  is  intended  to  update  a  similar  document 
(Block  et  al.  1994,  Studies  in  Avian  Biology 
Number  16)  because  of  ongoing  controversy 
over  the  species’  status,  management,  and 
conservation.  While  not  formally  protected  by 
the  U.S.  Endangered  Species  Act,  the  species 
has  been  proposed  for  listing  and  is  consid¬ 
ered  a  sensitive  species  warranting  consider¬ 
ation  in  timber  harvest  proposals  across  the 
United  States.  The  assessment  is  divided  into 
sections  on  regional  studies,  ecological  stud¬ 
ies,  and  management  assessments.-  Forty-four 
authors,  representing  academic  and  manage¬ 
ment  perspectives,  from  the  United  States, 
Canada,  Finland,  England,  and  the  Nether¬ 
lands  combine  to  write  23  chapters.  It  con¬ 
cludes  with  a  substantial  and  integrated  Lit¬ 
erature  Cited  section.  Together  these  efforts 
provide  a  thorough  synthesis  of  what  we  cur¬ 
rently  know  about  the  species  throughout  a 
significant  portion  of  its  range. 

Following  a  brief  European  perspective  on 


North  American  goshawks  by  Robert  Ken- 
ward,  the  lead  chapter  by  John  Squires  and 
Patricia  Kennedy  provides  an  exceptionally 
clear,  detailed,  and  comprehensive  54-page 
synthesis  of  goshawk  ecology  and  conserva¬ 
tion.  This  is  the  entire  first  section  and,  frank¬ 
ly,  little  is  gained  from  the  other  papers  in  the 
entire  volume  that  is  not  adequately  covered 
here.  The  strength  of  this  synthesis  paper 
made  me  yearn  for  more.  Rather  than  the  typ¬ 
ical  symposium  proceedings  that  follow  this 
introduction,  a  more  effective  approach  would 
have  been  to  charge  the  authors  with  working 
as  teams  to  synthesize  their  understanding  of 
broad  issues:  habitat  use,  prey,  demography, 
movements. 

The  sections  on  regional  reviews  and  ecol¬ 
ogy  are  of  variable  quality  and,  I  suspect,  util¬ 
ity  to  managers.  While  it  is  important  to  pro¬ 
vide  local  information  to  managers,  which 
these  papers  clearly  do,  most  are  of  a  scope 
too  limited  to  adequately  inform  management. 
We  learn  about  food  and  reproduction  in  Con¬ 
necticut,  occupancy  in  the  Great  Basin,  and 
weather  effects  in  California.  But  managers 
need  a  holistic  understanding  of  the  species  in 
their  local  area,  not  the  piecemeal  approaches 
that  characterize  most  of  the  chapters  here.  We 
get  good  syntheses  of  diet,  movements,  and 
limiting  factors,  but  only  from  the  southwest¬ 
ern  United  States.  There  are  some  standouts, 
like  the  long-term  studies  of  goshawks  by 
Reynolds  and  colleagues  in  northern  Arizona, 
the  review  of  population  limitation  of  hawks 
in  Europe  by  Rutz  and  colleagues,  the  review 
of  goshawk  populations  in  Fennoscandia  by 
Tomberg  and  colleagues,  and  the  impressive 
sampling  of  goshawk  movements  using  sat¬ 
ellite  telemetry  by  White  and  colleagues. 
While  I  learned  something  from  each  paper, 
mostly  this  section  caused  me  to  question  the 
editor’s  claim  that  “each  paper  has  undergone 
a  review  process  that  exceeds  that  applied  by 
most  scientific  journals.”  I  suspect  no  sub¬ 
mitted  papers  were  rejected  and  many  in  this 
section  would  be  hard  to  publish  in  the  gen¬ 
eral  scientific  literature. 

The  final  section  on  conservation  planning 
and  management  reviews  the  past  and  pro¬ 
vides  glimpses  into  the  future  of  goshawk 
management  in  the  United  States.  There  are 
good  ideas  here,  but  I  felt  the  most  pressing 
questions  for  goshawks,  and  those  who  seek 
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to  maintain  their  populations  on  managed 
lands,  were  better  asked  and  answered  in  gen¬ 
eral  terms  by  the  introductory  synthesis  chap¬ 
ter.  There  were  few  novel  and  creative  solu¬ 
tions  to  management  dilemmas  provided  in 
this  final  section. 

Clearly,  if  you  are  interested  in  Northern 
Goshawks  from  an  ecological  or  management 
perspective,  you  must  read  this  monograph.  If 
you  are  interested  in  general  raptor  population 
ecology,  you  will  also  gain  much  from  this 
collection  of  papers.  The  interested  ornithol¬ 
ogist,  conservation  biologist,  or  ecologist  will 
benefit  from  the  opening  chapter.  That  said, 
the  book  belongs  in  academic  libraries  and 
wildlife  management  offices,  but  on  the  desk 
of  only  a  few  specialists. — JOHN  M.  MAR- 
ZLUFF,  College  of  Forest  Resources,  Univer¬ 
sity  of  Washington,  Seattle,  WA  98195,  USA; 
e-mail:  corvid@u. washington.edu 


RAPTOR  RESEARCH  AND  MANAGE¬ 
MENT  TECHNIQUES.  Edited  by  David  M. 
Bird  and  Keith  L.  Bildstein.  Hancock  House 
Publishers  Ltd.,  Surrey,  British  Columbia, 
Canada  and  Hancock  House  Publishers, 
Blaine,  Washington,  USA,  2007:  464  pages, 
66  photographs,  and  47  illustrations.  ISBN  0- 
88839-639-2.  $70.00  (paper). — The  Raptor 
Research  Foundation,  with  editors  David  Bird 
and  Keith  Bildstein,  have  produced  an  updat¬ 
ed  version  of  the  1983  Raptor  Management 
Techniques  Manual  originally  published  by 
the  Institute  for  Wildlife  Research  (now  titled 
Raptor  Research  and  Management  Tech¬ 
niques).  This  publication  meets  its  explicit 
goals,  providing  an  overview  of  topics  in  the 
field  of  raptor  research  with  up-to-date  infor¬ 
mation  on  techniques  of  study  while  standard¬ 
izing  methods  and  terminologies  to  facilitate 
comparisons  across  studies.  With  over  60  au¬ 
thors,  many  of  whom  are  world-renowned  ex-  . 
perts  in  their  subfields,  this  manual  has  the 
broadest  coverage  of  any  raptor  techniques 
manual  available.  The  first  four  chapters  give 
an  overview  of  raptor  research  including  lit¬ 
erature,  identification,  systematics,  and  study 
design.  The  next  10  chapters  cover  field  tech¬ 
niques  related  to  surveys,  migration,  behavior, 
diet,  habitat,  accessing  nests,  nesting  success, 
mark  and  capture,  and  spatial  tracking  includ¬ 


ing  stable  isotopes.  Raptor  biology,  including 
energetics,  physiology,  pathology,  and  toxi¬ 
cology,  is  covered  in  Chapters  15-18.  Human 
relationships  with  raptors  are  described  in  the 
remaining  seven  chapters,  including  minimiz¬ 
ing  disturbance,  mitigation,  captive  breeding 
and  release,  rehabilitation,  public  education, 
and  legal  considerations. 

The  comprehensive  nature  of  the  book  as 
well  as  the  format  should  facilitate  entry  of 
new  researchers  to  the  field  or  help  established 
professionals  move  into  new  areas  in  raptor 
research.  Although  most  will  use  the  manual 
as  a  reference,  the  liberal  use  of  examples 
throughout  kept  me  reading  chapter  by  chap¬ 
ter  until  I  finished  the  entire  book.  Most  chap¬ 
ters  clearly  define  terminology  and  some  in¬ 
clude  a  helpful  glossary  or  list  of  definitions 
(e.g..  Chapter  2:  Raptor  Identification,  Age¬ 
ing,  and  Sexing;  and.  Chapter  9,  Habitat  Sam¬ 
pling);  however,  there  is  no  overall  glossary 
for  the  book.  While  each  chapter  cites  many 
of  the  most  important  works  in  its  sub-disci¬ 
pline,  none  of  the  chapters  suggest  topics 
needing  further  study  so  graduate  students  or 
other  newbies  will  need  to  look  elsewhere  to 
help  define  their  research  questions.  Luckily, 
the  book  includes  a  thorough  review  of  raptor 
literature  (Chapter  1:  The  Raptor  Literature) 
nicely  divided  by  both  topic  and  region,  which 
will  provide  an  avenue  of  entry  for  students; 
citations  throughout  the  technical  chapters  ex¬ 
tend  those  of  the  first  chapter.  Further  assis¬ 
tance  is  found  in  Appendix  I  of  Chapter  1, 
which  covers  over  200  journals  of  interest  to 
raptor  researchers,  listing  their  country  and 
publisher,  geographical  and  topical  emphasis, 
number  of  annual  issues,  language,  and  me¬ 
dium. 

First  introduced  in  Chapter  4  (Study  De¬ 
sign,  Data  Management,  Analysis,  and  Pre¬ 
sentation),  but  pervading  the  book,  is  a  pro¬ 
nounced  emphasis  on  study  design,  hypothesis 
testing,  careful  record-keeping,  and  standard¬ 
ization  of  terminology  and  methods  complete 
with  sample  field  notes  and  sample  forms  for 
necropsy,  health  monitoring,  and  egg  or  em¬ 
bryo  examination  (Chapter  17,  Pathology,  Ap¬ 
pendix  I).  Promotion  of  null-statistics  over  in¬ 
formation-theoretic  (I-T)  methods  for  alter¬ 
native  hypothesis  testing  is  surprising,  how¬ 
ever,  and  warrants  more  careful  review 
(Chapter  4).  In  a  field  where  sample  collection 
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is  often  dangerous  as  well  as  expensive,  field 
collectors  are  at  times  honored  for  their  con¬ 
tribution  with  co-authorship  on  publications 
despite  a  lack  of  involvement  in  study  design, 
data  analysis,  or  manuscript  preparation.  A 
frank  discussion  of  the  ethical  considerations 
around  authorship  (Chapter  4)  emphasizes  that 
only  those  who  both  contribute  to  the  devel¬ 
opment  and  execution  of  the  research,  and  can 
also  defend  the  results  of  the  paper  should  be 
included  as  authors  on  scientific  publications. 
This  is  not  to  say,  however,  that  contributions 
of  highly  talented  field  collectors  should  not 
be  honored  in  the  acknowledgments  section. 

Submission  of  genetic  sequences  to  public 
data  bases  (e.g.,  Genbank  and  EMBL)  is  men¬ 
tioned  (Chapter  3,  Systematics);  however, 
there  is  no  discussion  of  the  importance  of 
detailed  annotations  for  increasing  the  utility 
and  comparability  of  sequences  across  studies 
nor  is  there  a  discussion  of  proper  model  test¬ 
ing,  sequence  alignment,  or  analysis.  While  it 
is  unlikely  that  molecular  geneticists  would 
use  the  manual  in  their  study  design,  a  critique 
or  explanation  of  these  methods  might  benefit 
other  raptor  researchers  who  are  less  familiar 
with  these  topics  yet  wish  to  read  raptor  ge¬ 
netics  studies.  Further  emphasis  should  have 
been  placed  on  proper  and  extensive  labeling 
of  specimens  (a  sample  field  tag  would  follow 
the  book’s  style)  and  the  need  for  samples  that 
can  be  used  in  genetic  studies  (so  that  any  bird 
in  the  hand  should  be  considered  for  photo¬ 
graphing  and  sampling  for  feathers  and/or 
blood  before  release  with  the  samples  donated 
to  established  museum  collections). 

Researchers  will  save  themselves  hours  of 
difficulty  in  field  ID  of  raptors  by  following 
Clark’s  insider  tips  in  Chapter  2  (Raptor  Iden¬ 
tification,  Ageing,  and  Sexing)  on  selecting 
the  most  accurate  bird  and  raptor  guides, 
avoiding  common  (and  plentiful)  pitfalls  spe¬ 
cific  to  raptor  ID  and  using  a  camera  as  an 
aid  for  identifying  difficult  species. 

This  edition  has  been  updated  to  reflect  the 
advent  of  new  techniques,  improvements  on 
old  methods  (e.g..  Chapter  12,  Capture  Tech¬ 
niques),  useful  computer  software  (e.g.,  Chap¬ 
ter  6,  Migration  Counts  and  Monitoring),  and 
helpful  websites  (Chapter  1,  The  Raptor  Lit¬ 
erature);  however,  the  community  of  raptor  re¬ 
searchers  is  tighter  due  to  the  presence  of  sev¬ 
eral  active  mailing  lists,  which  were  over¬ 


looked  in  the  manual  (e.g.,  raptor- 
conservation®  yahoogroups.com, 
neotropicalraptors@yahoogroups.com). 

Standardizing  both  terminologies  and  meth¬ 
ods  is  a  noble  goal  of  this  manual.  If  achieved, 
this  goal  would  serve  to  increase  the  value  of 
raptor  studies  by  making  them  comparable 
and  thus,  useful  for  meta-analyses,  an  area 
that  is  lacking  in  raptor  research  to  date.  As 
it  is,  the  manual  is  an  invaluable  resource  for 
anyone  studying  and  publishing  on  raptors 
and  I  expect  it  to  become  a  standard  on  the 
bookshelf  of  raptor  researchers. — HEATHER 
R.  L.  LERNER,  Post-doctoral  Researcher,  Na¬ 
tional  Zoological  Park,  Smithsonian  Institu¬ 
tion,  3001  Connecticut  Avenue,  NW,  Wash¬ 
ington,  D.C.  20008,  USA;  e-mail:  hlerner@ 
gmail.com 


CORRIDOR  ECOLOGY:  THE  SCIENCE 
AND  PRACTICE  OF  LINKING  LAND¬ 
SCAPES  FOR  BIODIVERSITY  CONSER¬ 
VATION.  By  Jodi  A.  Hilty,  William  Z.  Lid- 
icker  Jr.,  and  Adina  M.  Merenlender.  Island 
Press,  Washington,  D.C.,  USA.  2006:  323 
pages,  49  figures.  ISBN  1-55963-096-5. 
$27.00  (paper). — Habitat  loss  and  fragmenta¬ 
tion  are  the  largest  threats  to  biodiversity  to¬ 
day  and  have  become  a  primary  focus  of  con¬ 
servation  biology.  The  provision  of  corridors 
of  natural  habitat  connecting  two  or  more 
larger  habitat  patches  is  generally  held  to  re¬ 
duce  a  population’s  extinction  risk  by  allow¬ 
ing  for  dispersal,  gene  flow,  and  colonization 
of  empty  habitat;  therefore,  corridors  are  in¬ 
creasingly  incorporated  into  conservation 
planning.  This  book  grew  out  of  a  project  the 
authors  were  involved  with  that  was  meant  to 
design  and  protect  a  corridor  of  natural  land 
linking  reserves  on  either  side  of  the  Sonoma 
Valley,  California.  During  this  work  they  re¬ 
alized  that,  although  there  has  been  much  re¬ 
search  on  reserve  design  and  corridors,  there 
had  been  little  published  in  terms  of  practical 
guidelines  on  how  to  increase  connectivity  in 
natural  landscapes.  While  this  book  is  not 
quite  a  “how  to”  manual  because,  as  the  au¬ 
thors  repeatedly  observe,  all  landscapes  have 
a  unique  set  of  ecological,  social,  and  political 
issues  that  must  be  considered  in  conservation 
planning,  it  does  serve  as  a  practical  primer 
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for  those  interested  in  maintaining  or  increas¬ 
ing  ecological  connectivity  in  fragmented 
landscapes.  It  lays  out  why  corridors  are  an 
important  and  useful  conservation  tool,  prac¬ 
tical  steps  that  should  be  considered  during 
the  process  of  planning  corridors,  and  poten¬ 
tial  pitfalls  that  can  arise  from  linking  habitat 
patches  with  corridors. 

Corridor  Ecology  is  divided  into  three  main 
sections.  The  first  is  a  broad  review  of  re¬ 
search  and  theories  on  habitat  loss  and  frag¬ 
mentation,  and  it  is  the  least  satisfying.  In 
three  chapters,  the  authors  provide  a  whirl¬ 
wind  discussion  of  the  mechanisms  that  cause 
fragmentation,  its  ecological  consequences 
(edge  effects,  dispersal  limitation,  inbreeding, 
etc.),  and  such  influential  theories  as  species- 
area  curves,  island  biogeography,  and  meta¬ 
populations.  Given  the  book’s  focus  on  cor¬ 
ridor  design,  most  of  these  topics  must  be 
treated  briefly  and  not  all  of  the  literature  re¬ 
views'  are  comprehensive.  Readers  who  are  al¬ 
ready  familiar  with  the  need  for  habitat  con¬ 
servation  and  who  have  a  good  working 
knowledge  of  the  principles  of  conservation 
biology  may  wish  to  skip  the  first  three  chap¬ 
ters  entirely.  This  is  especially  the  case  given 
that  many  of  the  concepts  (and  even  some  of 
the  same  studies)  are  discussed  in  later  chap¬ 
ters,  at  times  giving  the  book  a  repetitive  tone. 
One  particularly  surprising  aspect  of  this  dis¬ 
cussion  was  that  the  authors  seem  to  consider 
any  population  with  spatial  structure  to  be  a 
metapopulation,  when  this  is  generally  consid¬ 
ered  to  be  a  type  of  population  consisting  of 
spatially  distinct  sub-populations  existing  in  a 
balance  of  extinctions  and  colonizations.  For 
example,  they  warn  several  times  of  a  theo¬ 
retical  possibility  that  metapopulation  extinc¬ 
tion  risk  can  increase  in  situations  where  there 
is  sufficient  connectivity  between  habitat 
patches  that  the  sub-populations  do  not  have 
independent  dynamics.  Most  ecologists  would 
consider  such  patches  to  represent  one  single 
population  rather  than  a  true  metapopulation. 

The  real  meat  of  the  book  begins  in  the  sec¬ 
ond  section,  which  provides  a  more  in-depth 
discussion  of  research  and  theory  related  to 
corridors  as  tools  for  biodiversity  conserva¬ 
tion.  Chapter  4  describes  landscape  connectiv¬ 
ity  (the  ability  of  organisms  to  move  or  dis¬ 
perse  across  a  landscape)  and,  in  particular, 
emphasizes  its  species-specific  nature.  Many 


species  (especially  highly  mobile  ones  such  as 
migratory  birds)  have  the  ability  to  move 
through  a  variety  of  habitats,  which  should  in¬ 
fluence  the  nature  of  a  corridor  designed  to 
aid  them  (or  whether  they  even  need  corridors 
at  all).  Chapter  5  describes  the  concept  of  the 
matrix  (the  landcover  types  through  which  a 
corridor  passes)  and  how  it  can  influence  cor¬ 
ridor  function.  Chapter  6  considers  potential 
problems  that  can  arise  from  increasing  land¬ 
scape  connectivity  with  corridors.  Given  the 
topic  of  the  book  and  the  frequent  depiction 
of  corridors  as  an  unalloyed  good  in  conser¬ 
vation  literature,  this  chapter,  may  come  as  a 
surprise  to  some  readers;  however,  this  is  pre¬ 
cisely  why  it  represents  such  a  valuable  inclu¬ 
sion.  Many  land  management  activities  can 
have  unintended  consequences,  and  corridors 
are  no  exception.  For  example,  while  species 
of  conservation  concern  may  benefit  from  in¬ 
creased  connectivity  between  habitat  patches, 
invasive  species  and  diseases  may  also  be  bet¬ 
ter  able  to  reach  areas  that  once  may  have 
been  spared  their  impacts  because  of  their  iso¬ 
lation.  Another  potential  problem  is  that  data 
are  usually  lacking  on  whether  target  species 
will  actually  use  a  corridor,  a  point  the  authors 
illustrate  with  the  sobering  story  of  a  project 
in  Alberta  where  brown  bears  ( Ursus  arctos) 
were  just  as  willing  to  travel  outside  of  cor¬ 
ridors  as  in  them,  with  fatal  consequences  for 
both  the  bears  and  their  human  neighbors. 

The  third  and  probably  most  interesting 
section  of  the  book  discusses  practical  aspects 
of  designing  and  implementing  corridor  pro¬ 
jects.  In  Chapter  7  on  design  objectives,  the 
authors  transition  from  talking  in  theoretical 
terms  about  how  corridors  can  aid  in  conser¬ 
vation  to  how  these  ideas  can  be  translated 
into  landscape  planning  and  management. 
One  of  the  truly  valuable  themes  of  the  book 
that  is  emphasized  in  this  and  other  chapters 
is  the  species-specific  nature  of  corridors.  The 
size  and  structure  of  the  corridor  will  affect 
which  species  can  actually  use  it  (a  strip  of 
habitat  that  acts  as  an  effective  movement  cor¬ 
ridor  for  one  species  may  still  include  impen¬ 
etrable  barriers  to  others,  for  example,  those 
unwilling  or  unable  to  cross  even  a  narrow 
road),  and  the  authors  recommend  using  a 
suite  of  focal  species  in  the  planning  process 
whose  needs  should  be  incorporated  into  the 
corridor  design.  This  should  insure  the  corri- 
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dor  would  help  preserve  a  large  fraction  of  the 
ecological  community. 

Chapters  8  and  9  provide  further  practical 
information  on  how  to  identify  potential  cor¬ 
ridors  and  assess  their  value.  Particularly  use¬ 
ful  was  the  frank  discussion  of  making  trade¬ 
offs  between  the  conservation  value  of  a  po¬ 
tential  corridor,  the  financial  resources  re¬ 
quired  for  protecting  and  managing  it,  and  the 
need  for  “triage”  in  landscape  planning  (i.e., 
assessing  relative  threats  to  pieces  of  land 
from  development  and  prioritizing  acquisition 
of  those  at  most  risk).  Chapter  9  also  discusses 
at  length  the  legal  and  financial  aspects  of 
land  preservation  and  restoration,  as  well  as 
the  importance  of  community  involvement  for 
successful  conservation  projects.  The  chapter 
concludes  with  a  series  of  interesting  case 
studies  of  actual  corridor  projects  covering  a 
range  of  spatial  scales  and  a  variety  of  habitats 
and  countries.  There  are  other  such  anecdotes 
scattered  throughout  the  book,  but  I  found 
myself  wishing  there  had  been  even  more. 

The  book  is  intended  not  just  for  an  aca¬ 
demic  audience,  but  also  for  land  managers. 


land  use  planners,  policy  makers,  and  others 
who  may  be  involved  with  conservation  ef¬ 
forts  (those  working  for  non-profit  organiza¬ 
tions  may  find  the  last  two  chapters  especially 
useful  as  they  direct  particular  attention  to  the 
role  of  such  groups  in  community-based  con¬ 
servation).  As  such  it  often  makes  an  admi¬ 
rable  effort  to  explain  ecological  concepts 
without  resorting  to  a  heavy  use  of  technical 
jargon.  One  of  the  strongest  aspects  of  the 
book  was  its  heavy  emphasis  on  the  principles 
of  landscape  ecology  as  a  guiding  paradigm. 
In  particular,  the  importance  of  incorporating 
spatial  and  temporal  scale  into  planning  ef¬ 
forts  was  brought  up  again  and  again.  While 
scale-dependence  is  widely  recognized  as  a 
keystone  concept  of  landscape  ecology,  multi¬ 
scale  planning  and  research  are  still  relatively 
new  ideas  in  ecology  and  a  heavy  focus  on 
them  in  works  such  as  this  will  likely  lead  to 
more  successful  conservation  efforts. — 
GREGORY  R.  SCHROTT,  Archbold  Biolog¬ 
ical  Station,  APAFR  Office,  475  Easy  Street, 
Avon  Park,  FL  33825,  USA;  e-mail: 
gschrott@  archbold-station.org 
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FRONTISPIECE.  Male  (top)  and  female  (other  three  individuals)  Chaetocercus  berlepschi,  Esmeraldas  Wood- 
star,  an  endangered  hummingbird  endemic  to  western  Ecuador  visiting  flowers  of  Kohleria  spicata  (Gesneriaceae) 
and  Cornutia  pyramidata  (Lamiaceae).  The  original  description  of  female  C.  berlepschi  was  incorrect  because 
it  came  from  mis-labeled  specimens  of  juvenile  males.  Original  painting  by  Paul  J.  Greenfield. 
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DISTRIBUTION,  PLUMAGE,  AND  CONSERVATION  STATUS  OF 
THE  ENDEMIC  ESMERALDAS  WOODSTAR  ( CHAETOCERCUS 
BERLEPS CHI)  OF  WESTERN  ECUADOR 

J.  BERTON  C.  HARRIS, ,-4-6  ANA  E.  AGREDA,2  MERY  E.  JUINA,1  AND 
BERND  P.  FREYMANN3-5 

ABSTRACT. — The  Esmeraldas  Woodstar  ( Chaetocercus  berlepschi )  is  a  poorly  known  and  endangered  hum¬ 
mingbird  endemic  to  lowland  and  foothill  moist  forest  in  coastal  western  Ecuador.  We  encountered  1 1  new  localities, 
observed  two  copulations,  and  found  26  nests  of  the  species  from  October  2007  to  April  2008.  We  observed  the 
generally  accepted  descriptions  of  the  female  must  have  come  from  mis-labeled  specimens  of  juvenile  males  and 
were  incorrect.  We  collected  the  first  three  confirmed  females  of  the  species  and  describe  their  characteristics.  The 
correct  identification  of  female  C.  berlepschi  and  recognition  of  the  species’  breeding  habitat  should  facilitate  more 
effective  conservation  of  the  species.  Received  17  June  2008.  Accepted  24  November  2008. 

Chaetocercus  (Trochilidae)  is  presently 
considered  to  comprise  six  species  (C.  mul- 
sant,  White-bellied  Woodstar;  C.  bombus,  Lit- 
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tie  Woodstar;  C.  heliodor,  Gorgeted  Woodstar; 
C.  astreans,  Santa  Marta  Woodstar;  C.  berlep¬ 
schi,  Esmeraldas  Woodstar;  and  C.  jourdanii, 
Rufous-shafted  Woodstar)  which  inhabit  semi- 
arid  to  humid  forest  and  woodland  in  northern 
and  western  South  America  from  0  to  4,000 
m  above  sea  level  (Graves  1986,  Schuchmann 
1999).  Four  of  the  six  species  are  generally 
rare  to  uncommon,  three  (C.  bombus,  C.  ber¬ 
lepschi,  and  C.  astreans)  have  restricted  rang¬ 
es,  and  two  are  globally  threatened  (C.  bom¬ 
bus,  Vulnerable;  C.  berlepschi.  Endangered) 
(Schuchmann  1999;  BirdLife  International 
2000,  2008a,  b).  Chaetocercus  woodstars  are 
difficult  to  detect  in  the  field  because  of  their 
small  body  size  and  inconspicuous  behavior 
outside  of  the  breeding  season.  Their  small 
size  makes  collection  and  specimen  prepara¬ 
tion  challenging  and,  coupled  with  a  reduction 
in  collecting  effort,  has  resulted  in  a  dearth  of 
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specimens  for  some  species  (Freymann  and 
Schuchmann  2005).  The  great  majority  of 
specimens  that  exist  were  collected  before 
1960  (Freymann  and  Schuchmann  2005). 

Female  Chaetocercus  woodstars  are  similar 
to  each  other  in  plumage  and  are,  at  times, 
considered  to  be  inseparable  in  the  field  (Hilty 
and  Brown  1986,  Hilty  2003).  These  factors 
have  combined  to  make  the  genus  poorly 
known  as  evidenced  by  few  recent  records  of 
several  species  and  a  paucity  of  detailed 
breeding  biology  information  for  any 
(Schuchmann  1999).  All  species  except  C. 
jourdanii  were  formerly  placed  in  the  genus 
Acestrura  but  most  recent  authors  and  check¬ 
lists  follow  Schuchmann  (1999)  in  merging 
these  species  into  Chaetocercus  because  there 
was  insufficient  morphological  justification 
for  their  separation  (e.g.,  Dickinson  2003,  Re¬ 
stall  et  al.  2006,  Remsen  et  al.  2008). 

One  of  the  least-known  Chaetocercus  is  the 
localized  Ecuadorian  endemic  Esmeraldas 
Woodstar  (Simon  1889).  This  hummingbird 
inhabits  semi-deciduous  to  evergreen  moist 
forest  (—1,500  mm  annual  rainfall)  along  the 
Pacific  coast  of  western  Ecuador  from  near 
sea  level  to  750  m  elevation  (Becker  et  al. 
2000,  Ridgely  and  Greenfield  2001,  Agreda 
2007)  (Fig.  1).  The  vast  majority  of  records 
come  from  the  rainy  season,  mid  October  to 
late  May.  The  species  is  found  along  a  gra¬ 
dient  from  low  elevation  (0-250  m),  partially 
disturbed  areas  (Becker  et  al.  2000,  Ridgely 
and  Greenfield  2001)  to  more  intact,  higher 
elevation  (250-750  m),  misty  garua  forest  in 
the  hills  of  the  Cordillera  Chongon-Colonche 
(Agreda  2007).  Contrary  to  Mata  et  al.  (2006), 
C.  berlepschi  is  not  known  from  subtropical 
or  temperate  forests.  The  species  seems  to 
breed  in  lower  elevation,  disturbed  areas  along 
the  central  Ecuadorian  coast  and  move  to 
northwestern  Ecuador  for  the  non-breeding 
season  (MEJ,  pers.  obs.;  C.  D.  Becker,  pers. 
comm.).  Data  are  still  limited  because  move¬ 
ments  and  breeding  biology  of  the  species  re¬ 
main  poorly  known.  Before  this  study,  C.  ber¬ 
lepschi  had  been  recorded  from  1 1  localities 
but  was  only  regularly  observed  at  two:  Rio 
Ayampe  (01°  41'  S,  80°  48'  W;  Manabf  Prov¬ 
ince),  and  Reserva  Ecologica  Loma  Alta 
(Loma  Alta;  1°  50'  S,  80°  39'  W;  Santa  Elena 
Province)  (Collar  et  al.  1992,  Ridgely  and 
Greenfield  2001,  Agreda  2007). 


C.  berlepschi  is  sympatric  with  C.  bombus, 
and  accurate  identification  of  either  species 
depends  on  careful  consideration  of  the  other. 
C.  berlepschi  males  are  characterized  by  green 
upperparts  with  a  faint  bluish  sheen  and  white 
underparts  with  a  narrow  green  chest  band. 
They  have  a  purple  gorget  (Purple  1;  Smithe 
1975),  and  a  forked  tail  with  a  short  and 
rounded  rectrix  1  (Rl),  a  longer  and  narrower 
pointed  R2,  and  long,  distinctive  R3-5  re¬ 
duced  nearly  to  shafts  (Ridgely  and  Greenfield 
2001;  Frontispiece).  Males  of  C.  bombus  have 
a  ruby-pink  gorget,  more  extensive  green  on 
the  underparts,  a  cinnamon-buff  pectoral  col¬ 
lar,  and  usually  display  bronzier  green  upper- 
parts  (Schuchmann  1999,  Ridgely  and  Green¬ 
field  2001,  Gurney  2006,  Mata  et  al.  2006, 
Restall  et  al.  2006,  Schulenberg  et  al.  2007). 
Published  works  illustrate  C.  berlepschi  fe¬ 
males  as  white  below  with  a  white  postocular 
stripe,  and  a  buff-tinged  throat  (Meyer  de 
Schauensee  1970,  Schuchmann  1999,  Ridgely 
and  Greenfield  200 1 ,  Mata  et  al.  2006,  Restall 
et  al.  2006).  The  central  rectrices  of  the  female 
are  green  and  R2-5  are  cinnamon  with  a  black 
subterminal  band  and  white  tips.  Depictions 
of  female  C.  bombus  vary  but  all  suggest  that 
its  cinnamon-buff  underparts  and  postocular 
stripe  are  the  main  identifying  features 
(Schuchmann  1999,  Ridgely  and  Greenfield 
2001,  Gurney  2006,  Mata  et  al.  2006,  Restall 
et  al.  2006,  Schulenberg  et  al.  2007).  The  tail 
is  shown  as  cinnamon  with  a  black  subter¬ 
minal  band  (the  tips  are  also  cinnamon),  and 
green  is  at  times  shown  on  the  central  rectri¬ 
ces.  The  short  and  narrow  cheekstripe  (exten¬ 
sion  of  the  auriculars)  is  also  a  diagnostic  fea¬ 
ture  of  female  C.  bombus  (Gurney  2006). 

Much  of  the  lowland  humid  forest  in  west¬ 
ern  Ecuador  has  been  cleared,  threatening  nu¬ 
merous  species  including  C.  berlepschi  (Dod¬ 
son  and  Gentry  1991,  Best  and  Kessler  1995), 
and  the  species  is  considered  rare  to  uncom¬ 
mon  (Becker  et  al.  2000,  Ridgely  and  Green¬ 
field  2001).  The  combination  of  these  factors 
has  led  to  the  perception  that  the  species  is 
Endangered  with  an  estimated  population  size 
of  250-999  individuals  (Collar  et  al.  1992; 
BirdLife  International  2000,  2008a)  and 
should  perhaps  even  be  treated  as  Critically 
Endangered  (Ridgely  and  Greenfield  2001). 

The  Esmeraldas  Woodstar  has  received  lit¬ 
tle  research  attention  despite  its  restricted 
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FIG.  1.  Western  Ecuador  showing  confirmed  records  of  Chaetocercus  berlepschi  (Esmeraldas  Woodstar)  as 
well  as  larger  cities  and  landmarks. 


range  and  Endangered  status,  and  little  was 
known  of  its  reproductive  biology.  The  objec¬ 
tives  of  our  study  were  to:  (1)  gather  funda¬ 
mental  natural  history  and  distributional  in¬ 
formation  on  the  species,  (2)  assess  its  con¬ 
servation  status,  and  (3)  recommend  possible 
conservation  actions. 

METHODS 

•  We  searched  for  and  observed  C.  berlepschi 
from  October  2007  to  April  2008  in  Manabf 


and  Santa  Elena  provinces,  western  Ecuador. 
We  searched  for  the  species  at  Ayampe  in  Oc¬ 
tober  and  November  and  documented  the  ar¬ 
rival  date  of  male  and  female  C.  berlepschi. 
We  continued  our  searches  from  December 
2007  to  April  2008  along  the  coast  from  San 
Jose  (1°  45'  S,  80°  45'  W;  30  m;  Santa  Elena 
Province)  north  to  Cabo  Pasado  (0°  24'  S,  80° 
29'  W;  25  m;  Manabf  Province;  Figs.  1,2).  We 
surveyed  areas  <20  km  from  the  coast  from 
0  to  700  m  elevation  that  varied  from  arid  to 
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humid.  We  were  based  in  Ayampe  and  data 
were  collected  from  that  site  across  all  months 
of  the  study.  We  also  documented  the  location 
and  elevation  of  each  C.  berlepschi  nest  to 
obtain  information  on  which  areas  are  impor¬ 
tant  for  reproduction.  We  complemented 
breeding  season  observations  with  intensive 
searches  in  August  and  September  2008  that 
attempted  to  locate  non-breeding  localities. 
We  searched  along  the  coast  from  Ayampe  to 
San  Lorenzo  (1°  4'  S,  80°  53'  W;  Manabi 
Province)  to  Bilsa  Biological  Station  (0°  22' 
N,  19°  45'  W;  Esmeraldas  Province)  from  3  to 
20  August  2008.  We  also  surveyed  the  north¬ 
ern  and  central  Cordillera  Chongon-Colonche 
in  Manabi  Province  (0  to  700  m  elevation) 
from  22  August  to  9  September  2008.  We 
searched  from  Agua  Blanca  (1°  32'  S,  80°  44' 
W)  to  Pedro  Pablo  Gomez  (1°  37'  S,  80°  33' 
W)  to  Puerto  Cayo  (1°21'S,  80°44'W)  to 
above  Galan  (1°20'  S,  80°  40'  W),  and  back 
to  Ayampe. 

We  recorded  detailed  field  notes  on  plum¬ 
age  and  took  photographs  with  a  10  megapixel 
Canon  EOS  40D  digital  camera  with  a  300 
mm  telephoto  lens  for  future  plumage  analysis 
of  each  female  that  was  courted  by  a  male  C. 
berlepschi  (n  >  40)  or  that  was  in  attendance 
at  a  nest  («  =  21). 

We  realized  that  female  C.  berlepschi  were 
incorrectly  described  and  collected  three  fe¬ 
males  on  4-6  March  2008  at  Ayampe.  The 
specimens  (AS  1374,  AS  1375,  and  AS  1377; 
MECN  uncatalogued)  were  deposited  at  the 
Museo  Ecuatoriano  de  Ciencias  Naturales, 
Quito,  Ecuador  (MECN).  We  also  saved  tissue 
samples  from  all  three  specimens  and  blood 
from  the  two  for  which  it  was  possible  (AS 
1375  and  1377)  to  enable  future  genetic  anal¬ 
yses. 

Collection  of  endangered  species  must  be 
carefully  considered  and  we  collected  the 
minimum  number  of  individuals  required  to 
describe  the  female.  Conservation  measures 
for  the  species  necessitate  an  accurate  descrip¬ 
tion  of  the  female,  and  our  judgment  was  the 
need  to  eliminate  any  possible  uncertainties 
justified  taking  this  small  sample.  Collecting, 
especially  of  under-represented  genera  such  as 
Chaetocercus,  is  considered  to  be  necessary 
and  is  amply  supported  in  the  literature 
(Winker  et  al.  1991;  Remsen  1995,  1997; 
Winker  1996,  2005a,  b;  Peterson  et  al.  1998; 


Vuilleumier  1998,  2000;  Freymann  and 
Schuchmann  2005;  Cuervo  et  al.  2006). 

We  described  the  plumage  colors  of  our 
specimens  with  Munsell  (1994)  and  Smithe 
(1975)  color  standards.  Lower  case  color 
names  refer  to  the  Munsell  (1994)  classifica¬ 
tion;  capitalized  color  names  refer  to  Smithe 
(1975). 

We  compared  our  specimens  to  the  nine  C. 
berlepschi  specimens  (AMNH  37925, 
118529-34,  119766,  119768)  and  specimens 
of  the  other  five  species  of  Chaetocercus  ( C . 
astreans,  C.  bombus,  C.  jourdanii,  C.  helio- 
dor,  and  C.  mulsant)  at  the  American  Museum 
of  Natural  History  (AMNH).  We  examined  all 
of  the  specimens  of  each  species  with  partic¬ 
ular  attention  to  the  plumage  of  the  tail,  un¬ 
derparts,  postocular  stripe,  cheek  stripe,  and 
chest  band.  We  drew  detailed  figures  of  the 
tail  patterns  of  the  plumages  of  greatest  im¬ 
portance  to  this  study  (female  C.  berlepschi, 
female  C.  bombus,  and  juvenile  male  C.  ber¬ 
lepschi;  Fig.  3).  We  used  a  caliper  accurate  to 
0.02  mm  to  measure  wing  chord,  length  of  R1 
and  R5,  and  bill  length  from  the  anterior  edge 
of  the  nostril  to  the  bill  tip  to  compare  mor¬ 
phology  of  the  different  species.  We  measured 
a  representative  specimen-series  of  all  con- 
generics  (Table  1).  We  also  analyzed  mea¬ 
surements  and  photographs  (when  available) 
of  the  following  specimens:  an  adult  male  C. 
berlepschi  from  the  Academy  of  Natural  Sci¬ 
ences,  Philadelphia  (ANSP  183118),  a  juve¬ 
nile  male  from  the  Museum  and  Institute  of 
Zoology,  Polish  Academy  of  Sciences,  War¬ 
saw,  Poland  (MIZPAN  44432),  a  male  from 
Museu  de  Ciencies  Naturals,  Zoologia,  Bar¬ 
celona,  Spain  (MCNC-MZB  85-0542),  and  an 
adult  male  C.  bombus  from  Zoologisches  For- 
schungsinstitut  und  Museum  A.  Koenig,  Ger¬ 
many  (ZFMK  9972).  We  also  reviewed  de¬ 
scriptions  and  measurements  of  the  different 
species  in  the  literature  (Simon  1889,  Hilty 
and  Brown  1986,  Schuchmann  1999,  Cle¬ 
ments  and  Shany  2001,  Ridgely  and  Green¬ 
field  2001,  Hilty  2003,  Gurney  2006,  Mata  et 
al.  2006,  Restall  et  al.  2006,  Schulenberg  et 
al.  2007). 

We  used  General  Linear  Models  (GLMs)  to 
test  whether  there  were  significant  differences 
between  means  of  the  four  measured  morpho¬ 
metric  parameters  between  female  C.  berlep- 
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FIG.  2.  Focal  area  of  study '(inset  in  Fig.  1)  showing  confirmed  records  of  Chaetocercus  berlepschi  (Es- 
meraldas  Woodstar)  as  well  as  towns  and  landmarks. 


sc  hi  and  C.  bombus.  Analyses  were  conducted 
in  Statistica  6.1  (StatSoft  Inc.  2003). 

RESULTS 

We  encountered  Chaetocercus  berlepschi  at 
12  sites  separated  from  each  other  by  at  least 
2  km  (Figs.  1,2):  San  Lorenzo  (200  m),  Tro- 
pieso  (1°  9'  S,  80°  5 1 '  W;  140  m;  Manabf 
Province),  above  Galan  (350  m),  San  Sebas¬ 
tian  (1°  36'  S,  80°  42'  W;  675  m;  Manabf 
Province),  Rfo  Blanco  (1°  36' S,  80°45'W; 
175-240  m;  Manabf  Province),  Salango  (1° 
35'  S,  80°  50' W;  50  m;  Manabf  Province), 
Rfo  Chico/Hacienda  Tocuyo  (1°36'S,  80° 


49'  W;  40  m;  Manabf  Province),  Puerto  Rico 
(1°  37'  S,  80°  49'  W;  50-100  m;  Manabf  Prov¬ 
ince),  Las  Tunas  (1°39'S,  80°48'W;  15  m; 
Manabf  Province),  Ayampe/Atamari/Cinco 
Cerros  (30-140  m),  Rfo  San  Jacinto  (1°40' 
S,  80°  46'  W;  40  m;  Manabf  Province),  and 
San  Jose  (30  m).  C.  berlepschi  had  been  re¬ 
corded  in  only  one  of  these  areas,  Ayampe/ 
Atamari/Cinco  Cerros,  before  this  study. 

We  began  to  search  the  Ayampe  area  inten¬ 
sively  on  11  October  2007  but  did  not  en¬ 
counter  female  C.  berlepschi  until  4  Novem¬ 
ber.  We  did  not  monitor  the  area  between  14 
November  and  6  December  but,  when  we  re- 
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FIG.  3.  Tail  patterns  of  (A)  adult  female  Chaeto- 
cercus  berlepschi  (Esmeraldas  Woodstar),  (B)  adult  fe¬ 
male  C.  bombus  (Little  Woodstar),  and  (C)  juvenile 
male  C.  berlepschi. 

turned  on  7  December,  we  observed  the  first 
male  C.  berlepschi  of  the  season.  C.  berlep¬ 
schi  was  seasonally  (mid  Nov-Apr)  fairly 
common  in  partially  disturbed  forest  and 
woodland  along  the  Rio  Ayampe.  We  ob¬ 
served  several  individual  C.  berlepschi  on 
nearly  every  visit  to  the  field  at  Ayampe  dur¬ 
ing  that  time  period.  We  recorded  the  last 
male  C.  berlepschi  on  4  May  and  the  last  fe¬ 
male  on  24  May  2008.  We  did  not  encounter 
C.  berlepschi  during  our  non-breeding  season 
searches. 

The  most  important  floral  resource  for  C. 
berlepschi  at  Ayampe  was  Kohleria  spicata 
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(Kunth)  Oerst  (Gesneriaceae,  Frontispiece).  C. 
berlepschi  abundance  was  highest  at  Ayampe 
during  the  peak  of  the  Kohleria  spicata  flow¬ 
ering  event  from  January  to  March.  At  all  oth¬ 
er  locations,  Cornutia  pyramidata  (Lamiaceae) 
was  the  plant  most  commonly-visited.  We  did 
not  encounter  flowers  of  Psychotria  hazennii 
Standi.  (Rubiaceae)  or  Razisea  cf.  ericae 
Mildbraed  ex  Wassh.  (Acanthaceae),  both  of 
which  are  important  resources  for  the  species 
in  high  elevation  garua  forests.  We  observed 
C.  berlepschi  at  several  sites  (e.g.,  Puerto 
Rico,  Rio  Chico)  along  wooded  riparian  cor¬ 
ridors  in  a  matrix  of  deforested  land.  These 
riparian  corridors  connect  lower  elevation,  de¬ 
forested  areas  to  large  forest  patches  of  the 
upland  Cordillera  Chongon-Colonche. 

All  C.  berlepschi  nests  were  <14  km  from 
the  coast  from  30  to  350  m  elevation  and  most 
were  in  areas  disturbed  by  cattle  ranching  and 
agriculture,  but  adjacent  to  large  forest  patch¬ 
es.  Nests  at  a  few  sites  (e.g.,  Rio  Blanco)  were 
in  mature  moist  forest.  Female  C.  berlepschi 
usually  placed  their  nests  near  the  top  of  small 
dead  trees  (~5  m  tall)  near  creeks  or  roads. 
The  nest,  eggs,  nestlings,  nest  placement,  and 
parental  care  will  later  be  described  in  detail 
(MEJ,  in  prep.). 

Male  C.  berlepschi  and  female  Chaetocer- 
cus  woodstars  with  pale  buffy  underparts, 
white  postocular  stripes,  and  distinctive  tail 
patterns  (Frontispiece,  Fig.  3A)  were  season¬ 
ally  fairly  common  at  all  of  our  observation 
sites,  while  male  and  female  C.  bombus  were 
rare  or  absent.  C.  bombus  has  a  different  tail 
pattern  (no  green  on  the  opter  webs  of  the 
central  rectrices,  a  narrower  black  subterminal 
band,  and  less  black  on  R5;  Fig.  3B),  a  buffier 
postocular  stripe,  and  richer  buff  underparts 
compared  to  the  females  we  observed.  We  ini¬ 
tially  assumed  these  females  were  variable  in¬ 
dividuals  of  C.  bombus  because  their  buffy 
underparts  differed  strikingly  from  published 
descriptions  of  female  C.  berlepschi. 

Male  C.  berlepschi  defend  perches  at  the 
top  of  small  (—10  m  tall)  dead  trees.  When  a 
female  arrives  at  a  perch,  the  male  flies  ver¬ 
tically  above  the  perch  until  no  longer  visible 
to  the  naked  eye,  and  then  quickly  drops  to 
the  perch  while  making  a  mechanical  noise. 
The  mechanical  noise  is  likely  produced  by 
the  distinctive  narrow  rectrices  (R.  S.  Ridgely, 
pers.  comm.).  We  observed  males  perform 


these  displays  at  six  localities  (San  Lorenzo, 
Tropieso,  Galan,  Rio  Chico,  Puerto  Rico,  and 
Ayampe).  All  displays  involved  females  with 
pale  buffy  underparts;  none  involved  females 
with  white  underparts.  We  observed  two  cop¬ 
ulations  on  9—10  February  2008  between  male 
C.  berlepschi  and  females  of  the  above  de¬ 
scription.  We  encountered  26  Chaetocercus 
nests,  of  which  21  were  active,  at  nine  sites. 
All  active  nests  were  attended  by  females  with 
pale  buffy  underparts,  white  postocular 
stripes,  and  the  same  characteristic  tail  pattern. 
Female  nestlings  (n  =  10)  were  buffy  below 
with  green  central  rectrices  tipped  cinnamon 
in  a  pattern  similar  to  the  females  we  collect¬ 
ed,  and  unlike  adult  female  C.  bombus.  A  beg¬ 
ging  male  fledgling  observed  on  1 1  March 
2008  was  distinguishable  from  female  nest¬ 
lings.  Its  tail  and  underparts  were  similar  to 
that  of  other  juvenile  males,  but  it  lacked  any 
obvious  purple  gorget  feathers. 

We  observed  birds  that  generally  matched 
the  illustrations  of  “female  C.  berlepschi ”  on 
several  occasions.  Our  data  suggest  these 
birds  were  juvenile  male  C.  berlepschi  rather 
than  females.  These  birds  have  white  under¬ 
parts  similar  to  that  of  adult  males  and  have 
a  buff-tinged  throat  with  several  gorget  feath¬ 
ers  that  are  the  same  color  purple  as  adult 
males.  Their  tails  are  distinctive:  R1  is  rela¬ 
tively  short,  rounded  and  green,  R2  is  long, 
narrow  and  dusky,  and  R3-5  have  a  rufous- 
cinnamon  base,  black  subterminal  band,  and 
tips  that  are  pale  cinnamon  to  whitish  with  a 
pale  pinkish  buff  tinge  (Fig.  3C;  the  tips  are 
shown  as  white  without  any  buff  tinge  in  the 
sources  that  illustrate  the  “female”  of  the  spe¬ 
cies).  We  usually  observed  birds  of  this  de¬ 
scription  when  they  challenged  adult  males 
for  display  perches  and  we  did  not  observe 
them  copulate. 

Museum  specimens  provide  strong  support 
for  our  conclusion.  AMNH  specimen  37925 
and  MIZPAN  44432,  labeled  as  juvenile 
males,  display  the  same  white  underparts  and 
tail  pattern  of  the  juvenile  males  we  observed 
in  the  field.  AMNH  specimens  118533, 
119766,  and  119768,  and  MCNC-MZB  85- 
0542,  which  are  labeled  as  males  but  were  not 
classified  to  age,  also  show  these  characteris¬ 
tics  and  are  likely  juvenile  males.  Two  AMNH 
specimens  labeled  as  females  (118529  and 
118534)  seem  to  be  the  basis  for  the  original 
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description  of  the  female  of  the  species  (R.  S. 
Ridgely,  pers.  comm.)-  These  two  skins  show 
the  characteristics  of  juvenile  male  C.  berlep- 
schi,  most  notably  their  tail  pattern  (Fig.  3C). 
The  only  difference  between  the  juvenile 
males  and  one  of  these  “females”  is  the  lack 
of  purple  gorget  feathers  in  specimen  118529, 
an  absence  that  is  probably  related  to  age.  The 
third  “female”  (118531)  which,  like  AMNH 
118529-530,  118532-534,  119766,  and 
119768,  was  collected  by  W.  B.  Richardson, 
is  also  mis-labeled.  The  skin  is  actually  an 
adult  male  with  a  fully-grown  adult  male  tail 
(measurements  of  each  rectrix  are  similar  to 
the  morphometric  measurements  of  the  other 
2  adult  males).  The  specimen  had  lost  most  of 
its  gorget  feathers  (only  skin  remained)  but 
the  remnant  gorget  feathers  were  all  purple 
and  it  is  likely  that  if  the  other  feathers  had 
not  been  lost,  the  specimen  would  have  a  full 
adult  gorget.  This  obvious  error,  along  with 
the  more  subtle  errors,  suggests  the  gonads 
were  not  carefully  examined  on  some  of  the 
AMNH  specimens  collected  by  W.  B.  Rich¬ 
ardson.  It  is  not  especially  surprising  that  mis¬ 
takes  were  made  because  gonads  of  Chaeto- 
cercus  are  extremely  small.  We  conclude  there 
actually  are  no  specimens  of  female  C.  ber- 
lepschi  currently  in  any  museum  collection 
and  describe  the  gender. 

Description  of  Female 
C.  berlepschi  females  are  characterized  pri¬ 
marily  by  their  green  central  rectrices  with 
unique  small,  unevenly  bi-lobed  cinnamon-ru¬ 
fous  tips  and  their  white  postocular  stripe 
(Frontispiece;  Fig.  3A).  C.  berlepschi  is  subtly 
different  from  all  other  Chaetocercus  females, 
but  the  species  shows  several  characteristics 
similar  to  other  members  of  the  genus  such  as 
buffy  underparts,  green  central  rectrices,  cin¬ 
namon  R2-4  with  a  black  subterminal  band, 
and  green  patches  on  the  sides  of  the  chest 
connected  by  a  faint  dusky  band.  C.  berlep¬ 
schi  is  best  distinguished  by  a  combination  of 
plumage  characteristics,  morphometries,  and 
distribution.  The  only  sympatric  Chaetocercus 
is  C.  bombus  which  is  similar  in  size  (Table 
1),  but  shows  a  different  tail  pattern  with 
green  present  only  as  a  sheen  on  parts  of  the 
inner  webs  of  the  central  rectrices,  a  narrower 
black  sub  terminal  band  on  R2-5,  and  much 
more  brown  on  R5  (Fig.  3B).  The  cinnamon 


tips  of  R3-5  in  C.  bombus  are  at  times  shaped 
into  distinctive  diamonds  by  the  subterminal 
band,  but  this  is  variable.  C.  bombus's  post¬ 
ocular  stripe  tends  to  be  rich  cinnamon  while 
the  postocular  of  C.  berlepschi  is  white  and 
only  occasionally  includes  some  buff  feathers. 
C.  berlepschi  shows  a  long  and  wide  cheek 
stripe  that  is  often  mostly  green  compared  to 
C.  bombus's  usually  short,  narrow,  and  dusky 
cheek  stripe.  In  addition,  the  underparts  of  C. 
bombus  are  usually  rich  cinnamon-buff  com¬ 
pared  to  the  pale  buff  underparts  of  C.  ber¬ 
lepschi.  The  most  posterior  feather  tracts  of 
the  uppertail  coverts  in  C.  bombus  are  at  times 
buffy,  while  the  uppertail  coverts  of  C.  ber¬ 
lepschi  are  green. 

C.  bombus  is  significantly  larger  than  C. 
berlepschi.  Females  of  C.  bombus  have  sig¬ 
nificantly  longer  bills  (GLM:  Fun  =  40.91.  P 
<  0.001),  longer  wings  (GLM:  F214  =  13.36, 
P  =  0.002),  and  longer  R1  (GLM:  F29  =  5.96, 
P  =  0.032),  whereas  the  length  of  R5  is  not 
significantly  different  between  females  of  the 
two  species  (GLM:  F2-8  =  4.87,  P  =  0.052; 
Table  1). 

Among  the  other  four  Chaetocercus ,  C. 
berlepschi  females  are  most  similar  to  C.  mul- 
sant  in  tail  pattern.  C.  mulsant  usually  has 
green  central  rectrices  with  a  black  subtermi¬ 
nal  band  and  extensive  cinnamon-rufous  tips. 
The  tail  pattern  of  C.  berlepschi  is  subtly  dif¬ 
ferent;  the  cinnamon-rufous  tips  are  small  in 
extent  and  unevenly  bi-lobed  in  shape  (Fig. 
3A).  The  central  rectrices  of  C.  mulsant  are 
variable  and,  at  times,  are  different  from  the 
pattern  in  C.  berlepschi.  C.  mulsant  can  dis¬ 
play  a  small  area  of  rufous-brown  in  the  outer 
web  of  the  basal  part  of  the  central  rectrix. 
The  central  rectrices  at  times  can  be  almost 
entirely  dusky  with  a  greenish  sheen  and  a 
small  cinnamon-rufous  tip.  C.  mulsant  is  no¬ 
ticeably  larger  than  C.  berlepschi  (Table  1) 
and  the  species  are  not  known  to  be  sympatric. 
C.  jourdanii  and  C.  astreans  differ  from  C. 
berlepschi  in  their  entirely  green  central  rec¬ 
trices  and  R2  differs  in  pattern  from  R3-5.  C. 
heliodor  is  distinguished  by  its  rich  cinnamon- 
rufous  rump  and  underparts.  C.  heliodor  also 
has  the  least  amount  of  green  on  the  central 
rectrices  of  any  Chaetocercus  (just  a  fleck  of 
green  proximal  to  the  subterminal  band). 

The  following  description  is  based  on  the 
sexually  mature  female  collected  5  March 
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TABLE  2.  Characteristics  of  three  female  Chaetocercus  berlepschi  (Esmeraldas  Woodstar)  specimens  col- 


lected  at  Rio  Ayampe  (Manabf  Province,  Ecuador)  in  March  2008. 

Specimen  number3 

AS  1374 

AS  1375 

AS  1377 

Collection  date 

4  Mar  2008 

5  Mar  2008 

6  Mar  2008 

Wing  chord  (mm) 

28.2 

29.4 

28.1 

Anterior  edge  of  nostril  to  tip  of  bill  (mm) 

NA» 

12.8 

12.0 

Rectrix  1  length  (mm) 

13.4 

13.4 

13.7 

Rectrix  2  length  (mm) 

14.6 

14.5 

15.1 

Rectrix  3  length  (mm) 

14.4 

14.5 

15.4 

Rectrix  4  length  (mm) 

13.4 

13.4 

14.5 

Rectrix  5  length  (mm) 

11.3 

13.3 

13.3 

Body  mass  (g) 

2.0 

2.1 

1.9 

Molt 

strong  general 

none 

light  general 

Ovary  dimensions  (mm) 

3.0  X  2.0 

3.0  X  2.0 

1.6  X  1.0 

Number  ovarian  follicles 

none-ovary  smooth 

nine 

none-ovary  very  smooth 

Dimensions  of  largest  follicle  (mm) 

NA 

1.0  X  1.0 

NA 

3  Specimens  are  deposited  in  Museo  Ecuatoriano  de  Ciencias  Naturales,  Quito,  Ecuador  (MECN;  uncatalogued). 
b  Bill  destroyed  on  AS  1374. 


2008  by  Aldo  Sornoza  M.  (AS  1375),  in  Rio 
Ayampe,  Manabf  Province,  Ecuador,  (01°  41' 
S,  80°  48'  W;  40  m).  Our  small  sample  did  not 
permit  us  to  distinguish  between  First  Basic 
and  Definitive  Basic  plumages  in  female  C. 
berlepschi.  Upper  tail  coverts,  rump,  scapu¬ 
lars,  crown,  and  wing  coverts  are  Parrot  Green 
(260)  with  a  weak  bronzy  sheen.  Green  of  up- 
perparts  is  darkest  and  dullest  on  the  crown. 
Central  rectrices  are  mostly  Parrot  Green  but 
fade  into  dusky  and  are  finally  tipped  with  a 
small,  unevenly  bi-lobed  area  of  pale  pinkish 
buff  (7.5  YR  7/6).  Tips  of  other  rectrices  are 
the  same  pale  pinkish  buff.  Rectrices  2—5  have 
cinnamon-rufous  (2.5  YR  5/8)  base  and  black 
(GLEY,  diagram  1,  2.5/N)  subterminal  band. 
Shafts  of  rectrices  match  color  of  surrounding 
feather  barbs  except  for  proximal  shaft  of  R 1 
which  is  black  surrounded  by  green  barbs. 
The  remiges  are  dusky  and  the  postocular 
stripe  is  white.  The  long  and  wide  cheek  stripe 
(auriculars  and  below)  is  Parrot  Green  with 
some  dusky  feathers.  The  throat,  upper  breast, 
and  central  belly  are  pale  pinkish  buff  (7.5  YR 
7/5)  (slightly  grayer  than  7/6).  Sides  of  breast 
have  patches  of  Parrot  Green  that  are  con¬ 
nected  by  a  vague  dusky  chest  band.  The  up¬ 
per  breast  is  similar  in  color  to  the  throat  but 
slightly  more  rufescent  above  the  chest  band. 
Sides  and  lower  edge  of  green  patch  on  sides 
of  the  breast  are  vinaceous  pink  (5  YR  5/6). 
Undertail  coverts  are  dull  cinnamon-rufous  (5 
YR  5/8).  Flank  feathers  are  white  and  extend 
onto  sides  of  rump.  Leg  puffs  are  white.  In 


life  the  iris  was  dark  brown,  and  the  tarsi  and 
bill  were  black.  The  stomach  contained  insect 
remains.  The  other  two  specimens,  a  sexually 
immature  female  (AS  1374)  and  a  juvenile  fe¬ 
male  (AS  1377)  were  similar  to  AS  1374  (Ta¬ 
ble  2)  but  differed  in  the  following  ways. 

AS  1374  has  upperparts  Parrot  Green  but 
with  a  stronger  bronzy  sheen,  except  for  central 
rectrices  and  uppertail  coverts.  In  contrast  to  AS 
1375,  the  crown  is  not  duller  than  back.  The 
cheek  stripe  is  dusky  and  the  green  patch  on 
sides  of  chest  is  much  reduced.  One  throat 
feather  is  Purple  (1)  as  for  male.  The  postocular 
stripe  is  white  with  a  few  pallid  pinkish  buff 
feathers  (7.5  YR  8/3  to  8/4).  The  dusky  chest 
band  is  seemingly  absent  but  difficult  to  identify 
because  of  specimen  condition.  The  longest  up¬ 
pertail  covert  feathers  are  tipped  dusky. 

AS  1377  is  a  juvenile  female  with  a  yellow 
gape.  The  entire  upperparts  (back,  crown,  up¬ 
per  tail  coverts)  appear  scaly  because  the 
feathers  have  thin  blackish  subterminal  bars 
and  cinnamon-rufous  (2.5  YR  5/8)  tips.  The 
belly  is  uniform  vinaceous  pink  (5  YR  5/6) 
without  the  areas  of  lighter  buff  shown  by  AS 
1375.  The  throat  is  pallid  pinkish  buff  (7.5  YR 
8/3  to  8/4),  paler  than  AS  1375.  The  cheek 
stripe  is  dusky  with  cinnamon-rufous  (2.5  YR 
5/8)  tips.  The  tail  is  similar  to  other  two  spec¬ 
imens  but  both  proximal  and  distal  edges  of 
the  subterminal  band  are  more  regular;  black 
is  not  as  extensive  down  shaft  or  along  sides 
of  feather.  The  green  patch  on  sides  of  breast 
and  dusky  chest  band  are  seemingly  absent. 
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The  soft  parts  and  stomach  contents  of  AS 
1374  and  1377  were  similar  to  AS  1375.  All 
specimens  had  little  fat. 

DISCUSSION 

We  present  the  first  description  of  female 
Chaetocercus  berlepschi  to  facilitate  the  cor¬ 
rect  identification  of  the  gender  which  will  be 
important  in  future  studies  of  the  species.  Our 
new  distributional  records  significantly  aug¬ 
ment  the  number  of  known  localities  for  C. 
berlepschi  and  suggest  the  species  may  not  be 
as  threatened  as  previously  thought.  We  iden¬ 
tify  an  important  breeding  zone  which  ad¬ 
vances  our  understanding  of  the  breeding  bi¬ 
ology  of  C.  berlepschi  and  should  enable 
more  effective  conservation  of  the  species. 

C.  berlepschi  was  known  from  10  published 
and  two  previously  unpublished  specimens  from 
western  Ecuador  before  this  study,  only  10  of 
which  have  certain  locality  data  (Collar  et  al. 
1992,  Ridgely  and  Greenfield  2001).  Three 
males  and  three  “females”  (AMNH  118529-34) 
were  collected  in  October  to  December  1912  at 
Esmeraldas  (—0°  58'  N,  79°  39'  W;  Esmeraldas 
Province)  (Fig.  1).  Two  males  (AMNH  119766 
and  119768)  were  taken  in  December  1912  at 
Chone  (~0°42'S,  80°05'W;  Manabf  Prov¬ 
ince).  A  previously  unpublished  specimen  of  a 
male  (MCNC-MZB  85-0542)  was  collected  in 
September  1934  at  San  Mateo  (—0°  54'  N,  79° 
37'  W;  Esmeraldas  Province).  Among  the  spec¬ 
imens  collected  at  uncertain  localities  are  a  ju¬ 
venile  male  (AMNH  37925),  probably  collected 
in  the  late  19th  century  and  supposedly  from 
“Rio  Napo,  eastern  Ecuador”,  and  a  previously 
unpublished  juvenile  male  (MIZPAN  44432) 
collected  in  “Ecuador”.  One  adult  male  speci¬ 
men  mentioned  by  Collar  et  al.  (1992),  labeled 
as  C.  berlepschi,  is  at  the  Museum  d’Histoire 
Naturelle,  Paris,  France  (MNHN  CG2003-17), 
but  BPF  identified  the  skin  to  be  C.  jourdanii 
in  2002.  After  the  MCNC-MZB  specimen,  the 
species  went  unrecorded  for  nearly  60  years  un¬ 
til  an  adult  male  was  collected  (ANSP  183118) 
in  January  1991  in  the  hills  south  of  the  lower 
Rio  Ayampe  in  what  is  now  northwest  Santa 
Elena  Province  (~1°43'  S,  80°  46'  W;  —75  m 
elevation). 

C.  berlepschi  has  been  reported  since  1991 
on  single  occasions  from  two  sites  in  Esmer¬ 
aldas  Province:  Finca  Parafso  de  Papagayos, 
north  of  Quininde  (—0°  20'  N,  79°  28'  W)  and 


southwest  of  Sua  (—0°  50'  N,  79°  53'  W) 
(Ridgely  and  Greenfield  2001).  Recent  sites  in 
Manabf  Province  are  Agua  Blanca  (50  m; 
Becker  et  al.  2000)  (Fig.  2),  Rfo  Ayampe  (40 
m;  Ridgely  and  Greenfield  2001),  and  nearby 
Cinco  Cerros  (1°41'S,  80°  46' W;  151  m;  C. 
D.  Becker,  pers.  comm.).  Reports  further  south 
in  Santa  Elena  Province  are  from  Loma  Alta 
(400-750  m;  Becker  and  Lopez  Lanus  1997, 
Agreda  2007)  and  7  km  northeast  of  Loma 
Alta,  at  Cerro  La  Culebra  above  Dos  Mangas 
(1°  47'  S,  80°  37'  W;  500-600  m;  Agreda 
2007). 

We  regard  the  report  of  the  species  from 
Isla  de  la  Plata  (1°  16'  S,  81°  04'  W;  50  m; 
Manabf  Province;  Becker  et  al.  2000)  as  un¬ 
certain.  The  island  is  more  arid  than  any  other 
site  from  which  the  species  is  known;  the  bird 
was  viewed  from  25  m  and  might  have  been 
confused  with  Short-tailed  Woodstar  ( Myrmia 
micrura),  a  common  species  on  the  island. 
Four  weeks  of  avian  sampling  (Cisneros-He- 
redia  2005)  and  frequent  visits  by  scientists 
and  birdwatchers  have  not  produced  any  fur¬ 
ther  records  for  this  area. 

The  distributional  records  we  present  con¬ 
firm  the  importance  of  the  southern  Manabf 
Province  coastal  zone  for  C.  berlepschi.  Our 
data,  along  with  previous  observations  (Ridgely 
and  Greenfield  2001;  D.  M.  Brinkhuizen,  pers. 
comm.),  indicate  that  C.  berlepschi  is  present 
in  the  Ayampe  area  from  mid-October  to  late- 
May.  Future  research  should  seek  to  identify 
which  areas  and  habitats  are  used  by  C.  ber¬ 
lepschi  during  the  non-breeding  season  from 
June  to  September.  The  lack  of  records  from 
our  non-breeding  season  searches  in  the  north¬ 
ern  Cordillera  Chongon-Colonche,  combined 
with  the  dearth  of  sightings  from  Ayampe 
(Ridgely  and  Greenfield  2001),  Loma  Alta  (C. 
D.  Becker,  pers.  comm.),  and  San  Sebastian 
(R.  S.  Ridgely,  pers.  comm.)  suggest  that  C. 
berlepschi  leaves  the  Cordillera  during  this 
season.  We  hypothesize  the  species  migrates 
to  Esmeraldas  Province  for  the  non-breeding 
period.  The  only  two  non-breeding  records  of 
the  species  come  from  Esmeraldas:  a  juvenile 
male  (MCNC-MZB  85-0542)  from  San  Mateo 
in  September  1934,  and  a  male  seen  at  Finca 
Parafso  de  Papagayos  from  15  to  23  Septem¬ 
ber  1995.  We  searched  Esmeraldas  for  only  3 
days  in  August,  and  it  is  likely  that  future 
sampling  in  the  province  during  the  non- 
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breeding  season  will  record  C.  berlepschi.  In¬ 
tensive  searches  combined  with  stable  isotope 
(Hobson  et  al.  2003,  Fraser  et  al.  2008)  and 
mark-recapture  techniques  should  produce  the 
most  data  on  movements  of  C.  berlepschi.  Ef¬ 
fective  long  term  management  of  this  species 
will  depend  upon  knowledge  of  its  non-breed¬ 
ing  distribution. 

CONSERVATION  IMPLICATIONS 

C.  berlepschi  was  considered  rare  to  un¬ 
common  (Becker  et  al.  2000,  BirdLife  Inter¬ 
national  2000)  and  Ridgely  and  Greenfield 
(2001)  proposed  that  Critically  Endangered 
may  be  the  appropriate  conservation  status  for 
the  species  (IUCN  2001).  The  large  number 
of  observations  we  made  suggest  the  species 
may  not  be  as  seriously  threatened  as  previ¬ 
ously  thought.  C.  berlepschi  seems  to  be  sea¬ 
sonally  more  numerous  in  disturbed,  lower  el¬ 
evation  areas  where  we  made  our  observations 
than  in  high-elevation  garua  forest  at  Loma 
Alta  where  it  appears  to  be  genuinely  uncom¬ 
mon  (C.  D.  Becker,  pers.  comm.).  Our  data 
suggest  the  global  population  size  of  the  spe¬ 
cies  is  likely  to  be  —1,000  to  3,000  individ¬ 
uals,  although  more  work  is  needed  to  confirm 
this  estimate.  The  species  is  localized  in  a 
small  range  that  has  been  mostly  deforested 
(Dodson  and  Gentry  1991)  and,  in  our  view, 
should  still  be  considered  Endangered.  Our 
data  suggest  that  C.  berlepschi  meets  criterion 
A4  (suspected  population  reduction  of  s50% 
over  a  10-year  period)  and  possibly  Cl  (pop¬ 
ulation  size  <2,500  mature  individuals  with 
an  estimated  continuing  decline)  (IUCN 
2001).  C.  berlepschi  is  a  high  priority  species 
that  should  receive  conservation  action  as 
soon  as  possible. 

Our  sampling  area  was  limited  to  within  20 
km  of  the  coast;  the  large  number  of  nests  we 
encountered  suggests  this  coastal  zone  from  0 
(o  700  m  elevation  from  San  Jose  (Santa 
Elena  Province)  north  to  San  Lorenzo  (Man- 
abl  Province)  is  an  important  breeding  area  for 
C.  berlepschi.  Future  conservation  actions  for 
this  species  should  prioritize  habitat  protection 
in  this  coastal  area.  That  C.  berlepschi  indi¬ 
viduals  and  nests  were  found  at  least  adjacent 
to  large  patches  of  forest  suggests  the  species 
may  require  large  areas  of  intact  forest,  even 
though  the  species  is  a  seasonal  resident  in 
partially  disturbed  areas.  More  research  is 


needed  to  identify  the  habitat  requirements  of 
C.  berlepschi. 

Two  of  our  observation  sites,  San  Sebastian 
and  Rio  Blanco,  and  one  previously  published 
site,  Agua  Blanca  (Becker  et  al.  2000),  are 
within  the  boundaries  of  Machalilla  National 
Park  (Fig.  2).  The  park  provides  nominal  pro¬ 
tection  for  the  species  but  problems  with  reg¬ 
ulation  enforcement  in  the  park  have  been  not¬ 
ed  in  the  past  (BirdLife  International  2000). 
We  observed  adverse  human  impacts  such  as 
logging,  hunting,  and  farming  inside  the  park 
during  our  study,  and  several  small  human  set¬ 
tlements  are  within  the  boundaries  of  the  park. 
Significant  changes  in  the  management  of 
Machalilla  National  Park  should  be  imple¬ 
mented  to  help  ensure  the  survival  of  C.  ber¬ 
lepschi  and  numerous  other  range-restricted 
species  that  occur  there.  These  problems  are 
not  limited  to  Machalilla  National  Park;  a  ma¬ 
jor  priority  for  Ecuadorian  bird  conservation 
is  to  strengthen  management  of  the  country’s 
protected  areas  (Freile  and  Rodas  2008). 

Currently,  Machalilla  National  Park  does 
not  provide  reliable  protection  for  C.  berlep¬ 
schi.  The  only  other  protected  area  where  the 
species  is  known  to  occur  is  Reserva  Ecolo- 
gica  Loma  Alta,  a  3,000  ha  community-owned 
reserve  that  protects  higher  elevation  moist 
forest  and  drier  forest  at  lower  elevations 
(Becker  1999,  Becker  et  al.  2005).  C.  berlep¬ 
schi  is  regularly  recorded  in  the  reserve  but 
no  evidence  of  breeding  has  been  observed. 
The  establishment  of  a  new  protected  area  in 
the  breeding  habitat  of  C.  berlepschi  would 
help  ensure  the  long-term  persistence  of  the 
species.  This  protected  area  should  ideally  be 
placed  along  the  coast  somewhere  between 
San  Jose  and  Salango,  and  should  include  as 
much  intact  forest  and  as  many  riparian  cor¬ 
ridors  as  possible. 

The  description  error  corrected  by  this 
study  emphasizes  there  is  still  much  to  be 
learned  about  the  avifauna  of  northern  South 
America.  Our  findings  underscore  the  need  for 
more  fundamental  natural  history  research  on 
the  lesser  known  birds  of  this  extremely  di¬ 
verse  continent. 
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ABSTRACT. — The  poorly  known  Cloud-forest  Screech  Owl  ( Megascops  marshalli )  is  a  Peruvian  endemic 
known  from  only  two  localities,  and  its  vocalizations  have  not  been  documented.  We  report  the  first  Bolivian 
specimen  and  sound-recordings,  an  analysis  of  the  species’  longsong  in  comparison  with  other  brown-eyed 
Andean  screech  owls,  and  discuss  its  distribution,  natural  history,  ecological  relationships  with  sympatric  con¬ 
geners,  and  conservation  status.  Longsongs  were  most  similar  to  those  of  the  allopatric  Cinnamon  Screech  Owl 
(M  petersoni)  in  northern  Peru  and  Ecuador.  Principal  component  analysis  of  four  vocal  characters  identified: 
(1)  notable  overlap  between  the  two  species;  (2)  some  overlap  of  the  Cloud-forest  Screech  Owl  with  Ecuadorian, 
but  not  with  sympatric  Bolivian  populations  of  the  Rufescent  Screech  Owl  ( M .  ingens );  and  (3)  considerable, 
evidently  clinal  geographic  variation  in  the  Rufescent  Screech  Owl.  Divergence  in  vocal  characteristics  between 
the  Cloud-forest  Screech  Owl  in  Bolivia  and  other  species  decreased  with  increasing  geographic  distance.  The 
Cloud-forest  Screech  Owl  is  now  known  from  six  localities  from  Departamento  Pasco,  Peru,  south  to  Departa- 
mento  Cochabamba,  Bolivia,  and  has  a  disjunct  distribution  with  four  subpopulations  and  an  overall  extent  of 
occurrence  of  —12,700  km2.  Its  preferred  habitat  is  pristine  to  at  most  slightly  disturbed  wet  montane  forest 
with  high  structural  complexity,  dense  understory,  and  abundant  epiphytes.  It  has  been  recorded  at  altitudes  of 
1,550-2,580  m,  but  locally  its  altitudinal  range  is  —500  m,  where  it  is  narrowly  syntopic  with  Rufescent  Screech 
Owl  at  its  lower  and  White-throated  Screech  Owl  (M.  albogularis )  at  its  upper  terminus.  Narrowly  overlapping 
altitudinal  replacement  in  Andean  Megascops  taxa  combined  with  variable  location  of  replacement  zones  de¬ 
pending  on  local  ecoclimatic  conditions  suggest  that  species’  distributions  are  primarily  maintained  by  exclusion 
via  interspecific  competition.  The  Cloud-forest  Screech  Owl  is  currently  properly  listed  as  Near  Threatened,  but 
further  research  may  show  it  is  more  appropriately  categorized  as  Vulnerable.  Received  5  March  2008.  Accepted 
19  December  2008. 


The  Cloud-forest  Screech  Owl  ( Megascops 
marshalli)  is  one  of  the  most  poorly  known 
owls  in  South  America  and  worldwide.  It  is 
currently  listed  as  Near  Threatened  under 
IUCN  Red  List  criteria  (BirdLife  International 
2008)  and  considered  to  be  endemic  to  Peru. 
It  occurs  in  mossy  cloud  forest,  where  it  is 
apparently  confined  to  a  narrow  altitudinal 
range  of  —  1 ,900-2,250  m  (Weske  and  Ter- 
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borgh  1981,  Schulenberg  et  al.  1984,  Fjeldsa 
and  Krabbe  1990).  The  species  was  described 
quite  recently  (Weske  and  Terborgh  1981) 
based  on  eight  specimens  from  Cordillera  Vil- 
cabamba  in  central  Peru  (12°38'S,  73°  36' 
W).  An  additional  bird  was  collected  in  1982 
in  Cordillera  Yanachaga,  Peru  (10°  37'  S,  75° 
20'  W;  Schulenberg  et  al.  1984),  —300  km 
northwest  of  the  type  locality  (Fig.  1).  It  was 
considered  to  be  common  on  Cordillera  Vil- 
cabamba,  but  the  Cloud-forest  Screech  Owl  is 
so  elusive  that  neither  of  the  above  studies 
obtained  a  visually  confirmed  tape  recording 
of  the  species’  vocalizations. 

SKH  tape  recorded  an  unidentified  Mega¬ 
scops  screech  owl  at  1,600  m  (17°  10'  S,  65° 
35'  W;  Fig.  1)  on  16  July  1996  during  an  al¬ 
titudinal  gradient  study  (Herzog  et  al.  2005) 
on  Serranfa  de  Callejas  above  the  village  of 
El  Palmar  in  the  northwest  corner  of  Bolivia’s 
Parque  Nacional  Carrasco,  Departamento  Co¬ 
chabamba.  This  species  was  tape  recorded 
again  at  the  same  site  —2  years  later  by  AM. 
Both  recordings  were  included  in  Mayer 
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FIG.  1.  Locality  records  (open  squares)  of  the  Cloud-forest  Screech  Owl  in  Peru  (PA  =  Departamento  Pasco, 
JU  =  Departamento  Junin,  CU  =  Departamento  Cusco,  PU  =  Departamento  Puno),  and  Bolivia  (LP  =  Depar¬ 
tamento  La  Paz,  CO  =  Departamento  Cochabamba).  Areas  in  black  denote  the  species’  probable  range  (extent 
of  occurrence)  projected  by  GIS-based  predictive  distribution  modeling  (Young  2007).  Numbers  correspond  to 
the  following  localities:  1  =  Cordillera  Yanachaga;  2  =  the  type  locality  on  Cordillera  Vilcabamba;  3  =  Cam- 
pamento  Segakiato;  4  =  Inciensal  Sauce;  5  =  Cordillera  Cocapata;  and  6  =  Serranfa  de  Callejas. 


(2000),  but  the  owl’s  identity  remained  un¬ 
known. 

Similar  Megascops  vocalizations  were 
heard  throughout  August  2001  and  tape  re¬ 
corded  between  2,100  and  2,5  80.  m  on  the  east 
slope  of  Cordillera  Cocapata  in  the  Rio  Pampa 
Grande  Valley  (16°  41'  S,  66°  29'  W),  Depar¬ 
tamento  Cochabamba,  Bolivia  (MacLeod  et 
al.  2005;  Fig.  1).  We  elicited  vocal  response 
of  two  individuals,  a  presumed  pair,  on  31  Au¬ 
gust  2001  using  playback  of  the  species’  vo¬ 
calizations  recorded  in  this  area.  A  male  was 
lured  into  a  mist  net  at  2,550  m  by  SKH  and 
SRE  shortly  afterwards  and  prepared  the  fol¬ 
lowing  morning  as  a  museum  specimen  by 
SKH.  The  bird  was  preliminarily  identified  in 
the  field  as  a  Cloud-forest  Screech  Owl  based 
on  the  species’  plumage  description  in  Fjeldsa 
and  Krabbe  (1990).  A  later  comparison  of  the 
specimen  with  the  description  in  Weske  and 
Terborgh  (1981)  led  to  the  same  conclusion 


(MacLeod  et  al.  2005).  However,  given  the 
often  subtle  differences  in  plumage  patterns 
and  coloration  between  species  in  the  genus 
Megascops  and  the  lack  of  vouchered  or  vi¬ 
sually  confirmed  sound  recordings  of  the  spe¬ 
cies  from  the  Peruvian  type  locality,  this  iden¬ 
tification  was  tentative  and  required  confir¬ 
mation  through  a  direct  comparison  of  speci¬ 
mens. 

We  report  on  the  specimen  comparison, 
which  confirmed  the  identification  of  the  Bo¬ 
livian  specimen  as  a  Cloud-forest  Screech 
Owl,  and  present  data  on  the  species’  vocali¬ 
zations,  distribution,  natural  history,  and  eco¬ 
logical  relationships  with  sympatric  Mega¬ 
scops  screech  owls  in  the  Bolivian  Yungas. 
We  also  reassess  the  conservation  status  of 
Cloud-Forest  Screech  Owl. 

METHODS 

Specimens  were  examined  by  SKH  at  the 
Louisiana  State  University  Museum  of  Natu- 
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ral  Science  (LSUMZ).  The  plumage  of  the 
Bolivian  specimen  housed  at  the  Coleccion 
Boliviana  de  Fauna  (CBF  03760,  male)  was 
compared  visually  to  two  paratypes  from  Cor¬ 
dillera  Vilcabamba  sent  on  loan  from  the 
American  Museum  of  Natural  History 
(AMNH  824162,  824165;  female  and  male, 
respectively)  and  the  single  specimen  from 
Cordillera  Yanachaga  (LSUMZ  105658, 
male);  digital  photographs  were  taken  for  doc¬ 
umentation.  Measurements  of  wing  chord 
were  taken  to  the  nearest  0.5  mm  using  a  wing 
ruler;  measurements  of  tail,  bill  (from  anterior 
edge  of  nares),  and  tarsus  length  were  taken 
to  the  nearest  0. 1  mm  using  digital  calipers. 

In  addition,  SKH  examined  digital  photo¬ 
graphs  of  three  specimens  ( 1  male,  2  females) 
collected  and  identified  as  Cloud-forest 
Screech  Owls  by  Carlos  Mendoza  (pers. 
comm.)  and  Jean  Mattos  on  3-5  November 
2002  at  Campamento  Segakiato  (a  temporary 
gas  pipeline  construction  camp;  12°  43'  S,  73° 
19'  W;  1,850  m)  in  Provincia  La  Convencion, 
Departamento  Cusco,  Peru.  Those  specimens 
are  housed  at  the  Museo  de  Historia  Natural 
in  Lima  (MUSM  25040-25042).  SKH  also 
compared  several  songs  of  an  unidentified 
screech  owl  tape  recorded  by  Hennessey 
(2004)  on  26  June  2002  to  our  voucher  re¬ 
cordings  from  Departamento  Cochabamba; 
the  owl  was  recorded  in  wet  montane  forest 
at  Inciensal  Sauce  (14°25'S,  68°  42' W; 
2,300  m;  Fig.  1)  in  Parque  Nacional  Madidi, 
Departamento  La  Paz,  Bolivia. 

Sound  recordings  of  Bolivian  Cloud-forest 
Screech  Owls  were  obtained  by  SKH,  SRE, 
AM,  and  A.  B.  Hennessey  with  Sony  TCM 
5000  EV  cassette  recorders  and  Sennheiser  di¬ 
rectional  microphones.  Recordings  were  dig¬ 
itized  with  an  Edirol  UA-1EX  USB  audio  in¬ 
terface,  and  spectograms  were  examined  and 
measured  using  Raven  1.2.1  (Charif  et  al. 
2004)  by  SKH.  Five  recordings  (2  natural,  3 
after  playback)  from  three  localities  (Appen¬ 
dix)  were  analyzed,  representing  at  least  four 
individuals  and  one  vocalization  type,  the 
longsong.  Assessment  of  relationships  with 
other  brown-eyed  Andean  Megascops  was 
made  by  SKH  by  analyzing  longsong  record¬ 
ings  of  Cinnamon  Screech  Owl  ( M .  petersoni ) 
from  Ecuador  and  Peru;  Rufescent  Screech 
Owl  (M.  ingens)  from  Bolivia,  Peru,  and  Ec¬ 
uador,  and  of  presumed  Cloud-forest  Screech 


Owl  from  Cordillera  Yanachaga,  Peru  (Ap¬ 
pendix).  The  identification  of  owls  sound  re¬ 
corded  on  Cordillera  Yanachaga  in  close  prox¬ 
imity  to  the  collecting  locality  of  Schulenberg 
et  al.  (1984)  as  Cloud-forest  Screech  Owl  was 
confirmed  visually  and  independently  by  Jo¬ 
nas  Nilsson  (pers.  comm.)  on  6  June  2002  and 
TV  on  8  March  2004,  but  no  voucher  speci¬ 
men  was  collected. 

Four  variables  were  examined  for  each 
longsong:  (1)  duration  (sec),  measured  from 
the  beginning  of  the  first  to  the  end  of  the  last 
note;  (2)  max  frequency  (Hz),  i.e.,  the  fre¬ 
quency  at  which  maximum  power  (dB)  oc¬ 
curred  (Charif  et  al.  2004);  (3)  number  of 
notes  per  second,  i.e.,  the  total  number  of 
notes  divided  by  the  duration  of  a  song;  and 
(4)  change  in  pace,  i.e.,  the  duration  (sec)  of 
the  last  10  notes  and  their  respective  internote 
intervals  subtracted  from  the  duration  of  the 
first  1 0  notes  and  their  respective  intemote  in¬ 
tervals.  We  assessed  the  extent  of  similarity 
between  longsongs  of  different  species  (and 
between  regions  within  species)  using  princi¬ 
pal  component  (PC)  analysis  and  plotted  fac¬ 
tor  scores  of  the  second  (PC  II)  against  those 
of  the  first  (PC  I)  principal  component.  PC  I 
had  an  eigenvalue  of  2.07.  The  eigenvalue  of 
PC  II  was  <1.0  (0.87),  and  it  was  not  used  in 
further  statistical  analysis.  PC  I  obtained  mod¬ 
erate  to  high  negative  correlations  with  all 
variables  (ranging  from  —0.61  for  the  number 
of  notes/sec  to  —0.80  for  song  duration), 
whereas  the  highest  factor  loading  of  PC  II 
was  —0.62  (number  of  notes/sec).  Factor 
scores  of  PC  I  were  compared  between  spe¬ 
cies  and  regions  using  f-tests  for  independent 
samples  and,  in  the  case  of  nonparametric 
data,  Mann-Whitney  (/-tests. 

Altitudinal  data  for  Cordillera  Cocapata 
were  obtained  with  high-precision  hand-held 
altimeters  calibrated  daily  at  the  base  camp. 
The  altitude  of  the  base  camp  (2,110  m)  on 
the  flat  valley  bottom  was  calculated  by  av¬ 
eraging  values  obtained  from  hand-held  Glob¬ 
al  Positioning  System  (GPS)  units,  altimeters, 
and  a  topographic  map  (scale  1:50,000)  issued 
by  the  Bolivian  Instituto  Geografico  Militar. 
Altitudes  on  Serranla  de  Callejas  were  calcu¬ 
lated  similarly  with  calibration  at  five  base 
camps  between  650  and  2,950  m  using  a  high- 
precision  altimeter  and  a  topographic  map. 

The  extent  of  occurrence  of  the  Cloud-for- 
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TABLE  1 .  Gender  and  selected  measurements  (mm)  of  three  Peruvian  and  one  Bolivian  specimens  of  Cloud- 
forest  Screech  Owl. 


Wing 


Specimen  (Coordinates) 

Gender 

chord 

Tail 

Tarsus 

Bill3 

Vilcabamba  paratype,  AMNH  824162  (12°  38'  S,  73°  36'  W) 

F 

164.0 

90.2 

30.0 

11.2 

Vilcabamba  paratype,  AMNH  824165  (12°  38'  S,  73°  36'  W) 

M 

165.5 

90.3 

27.3 

10.3 

Yanachaga,  LSUMZ  105658  (10°  37'  S,  75°  20'  W) 

M 

159.0 

76.9 

27.7 

9.4 

Bolivia  (Cocapata),  CBF  03760  (16°  41'  S,  66°  29'  W) 

M 

155.5 

77.5 

27.0 

10.0 

a  Measured  from  anterior  edge  of  nares. 


est  Screech  Owl  was  estimated  quantitatively 
using  Geographic  Information  System  (GIS)- 
based  predictive  distribution  modeling  with 
the  inductive  model  Maxent  (Hernandez  et  al. 
2006,  Phillips  et  al.  2006)  in  a  recent  study 
identifying  conservation  priorities  on  the  east 
Andean  slope  of  Peru  and  northern  Bolivia 
(Young  2007).  Hernandez  (2007)  projected 
the  species’  extent  of  occurrence  based  on  all 
known  locality  records  (i.e.,  all  records  in¬ 
cluded  here)  as  well  as  altitude,  climate,  and 
vegetation  data,  including  current  habitat 
availability  derived  from  Moderate  Resolution 
Imaging  Spectroradiometer  (MODIS)  data. 
Four  models  varying  in  use  of  the  MODIS 
data  were  examined  (no  MODIS  data,  MODIS 
data  unsummarized,  summarized  by  2  km, 
summarized  by  5  km).  Data  could  not  be  par¬ 
titioned  into  training  and  evaluation  records  to 
evaluate  the  models  because  of  the  scarcity  of 
available  locality  data.  In  this  case,  review  by 
specialists  familiar  with  the  species  is  often 
the  best  method  available  to  identify  the  mod¬ 
eling  procedure  that  produces  the  most  real¬ 
istic  range  prediction  (Hernandez  et  al.  2008). 
Thus,  SKH  and  TV  assessed  whether  any  of 
the  Maxent  models  produced  reasonable  re¬ 
sults.  If  they  did,  SKH  and  TV  identified  the 
model  and  threshold  (from  the  0-1  Maxent 
scale  depicting  how  well  the  variables  in  each 
pixel  matched  those  where  the  species  has 
been  recorded)  that  produced  the  most  reason¬ 
able  map  for  the  species  according  to  our 
present  understanding  of  its  distribution  and 
habitat  availability  (Fig.  1;  also  http:// 
www.natureserve.org/aboutUs/latinamerica/ 
maps.birds.jsp).  Predicted  areas  of  distribution 
where  the  species  was  known  not  to  occur 
were  eliminated. 

RESULTS 

Specimen  Comparison. — The  adult  male 
Bolivian  specimen  (CBF  03760)  collected  on 


31  August  2001  on  Cordillera  Cocapata  had  a 
dark  brown  iris,  bill  olive-green  basally  with 
green-gray  central  area  and  yellowish-horn 
tip,  toes  pinkish-gray,  claws  pale  gray  at  base 
turning  dark  gray  at  tip,  and  soles  pale  buffy- 
yellowish  to  off-white.  It  showed  no  signs  of 
molt  and  had  slightly  enlarged  testes  (left  4.9 
X  3.7  mm,  right  3.8  X  3.4  mm).  Its  stomach 
contained  unidentified  chitinous  insect  rem¬ 
nants  and  plant  material.  Morphometric  mea¬ 
surements  are  presented  with  those  of  the  oth¬ 
er  specimens  (Table  1). 

The  Bolivian  specimen  is  characterized  by 
plumage  characters  typical  of  Cloud-forest 
Screech  Owl:  plumage  predominantly  rufes- 
cent;  white  lower  underparts  with  rufous- 
brown  to  blackish  transversal  barring  and 
streaks  (which  differentiates  Cloud-forest 
Screech  Owl  from  all  other  neotropical  Me¬ 
gascops  species);  facial  disk  with  broad  black¬ 
ish  rim;  short  ear  tufts;  a  semi-concealed 
white  nuchal  collar,  white  scapular  spots;  and 
completely  feathered  tarsi.  Direct  comparison 
with  two  paratypes  from  Cordillera  Vilcabam- 
ba  and  the  single  sample  from  Cordillera  Yan- 
achaga  revealed  all  specimens  to  be  similar 
(Fig.  2).  Our  specimen  represents  the  first 
specimen  record  of  the  Cloud-forest  Screech 
Owl  for  Bolivia.  It  differs  from  all  Peruvian 
specimens  examined  only  in  having  darker, 
mostly  blackish-brown  (rather  than  mostly  ru¬ 
fous-brown  to  brown)  transversal  barring  and 
streaks  on  the  lower  underparts.  The  upper- 
parts  of  the  Bolivian  and  the  Yanachaga  spec¬ 
imen  are  darker  than  in  the  paratypes,  most 
notably  on  the  crown  and  nape  (blackish- 
brown  vs.  rufescent-brown,  respectively).  This 
type  of  variation  was  not  described  among 
paratypes. 

Measurements  of  the  Bolivian  specimen  are 
similar  to  those  of  the  Yanachaga  specimen, 
but  less  than  those  of  the  two  Vilcabamba 


244 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  2,  June  2009 


FIG.  2.  Dorsal  (A)  and  ventral  (B)  views  of  spec¬ 
imens  of  the  Cloud-forest  Screech  Owl.  From  left  to 
right:  male  from  Cordillera  Cocapata,  Bolivia  (CBF 
03760);  male  from  Cordillera  Yanachaga,  Peru 
(LSUMZ  105658);  male  paratype  from  Cordillera  Vil- 
cabamba  (AMNH  824165). 

paratypes  examined  for  wing  chord  and  es¬ 
pecially  for  tail  length  (>1  cm  shorter;  Table 
1).  Measurement  ranges  reported  for  the  seven 
male  paratypes  of  Cloud-forest  Screech  Owl 
are:  wing  chord  =  151.5—164.0  mm;  tail 
length  =  84.6—91.5  mm;  tarsus  =  26.0-28.9 
mm;  and  bill  from  anterior  edge  of  nares  = 
9.9-10.7  mm.  Caution  is  required  when  com¬ 
paring  measurements  taken  by  different  ob¬ 
servers,  but  wing  chord  and  tarsus  length  of 
the  Bolivian  and  Yanachaga  specimens  (Table 
1)  are  well  inside  the  respective  ranges  of 
measurements  of  the  seven  Vilcabamba  males. 
Tail  length  is  considerably  shorter  in  the  Bo¬ 


livian  and  Yanachaga  specimens  (rectrices  of 
both  specimens  were  neither  damaged  nor  in 
molt)  than  in  the  Cordillera  Vilcabamba 
males.  The  body  mass  of  our  Bolivian  male 
was  81  g  versus  93  g  for  the  male  from  Cor¬ 
dillera  Yanachaga.  No  body  mass  data  are 
available  for  the  seven  Vilcabamba  paratypes. 

Vocalizations. — The  longsong  of  the  Cloud- 
forest  Screech  Owl  is  similar  to  those  of  other 
Megascops  species,  comprising  a  continuous 
series  of  monotonic  hoots  (Fig.  3).  It  begins 
quietly,  grows  in  intensity,  and  ends  often 
quite  abruptly  or  with  a  brief  reduction  in  in¬ 
tensity  in  the  last  2—3  notes.  Song  duration 
based  on  40  longsongs  examined  varies  from 
about  2.4  to  9.5  sec,  but  pace  (number  of 
notes/sec)  and  maximum  frequency  (the  fre¬ 
quency  at  which  maximum  power  occurs)  are 
fairly  constant  across  songs  (Table  2).  The 
pace  of  the  last  10  notes  on  average  is  slightly 
slower  than  that  of  the  first  10  notes  (Table 
2).  The  Cloud-forest  Screech  Owl  also  has  a 
trill-like  short  song  that  seems  to  be  uttered 
only  rarely.  SKH  once  taped  it  faintly  in  the 
background  of  a  longsong  recording  (and 
heard  it  on  only  one  other  occasion).  It  is  a 
fast  series  of  23  notes  with  a  duration  of  2.00 
sec  (11.5  notes/sec)  and  a  maximum  frequen¬ 
cy  of  689.1  Hz.  It  begins  with  a  pace  of  ~13 
notes/sec  and  slows  during  the  last  seven 
notes. 

Longsongs  of  presumed  Cloud-forest 
Screech  Owls  from  Cordillera  Yanachaga  are 
slightly  lower  pitched  (by  —120  Hz  on  aver¬ 
age)  and  notably  faster  paced  (by  —2.5  notes/ 
sec)  than  those  of  Bolivian  birds,  approaching 
the  fast  song  of  Bolivian  Rufescent  Screech 
Owl  in  pace  (Table  2).  The  Cinnamon  Screech 
Owl  also  shows  considerable  variation  in  song 
duration  and  has  a  slightly  lower  pitched  (by 
—  130  Hz  on  average)  and  faster  paced  (by 
—0.7  notes/sec)  song  than  the  Cloud-forest 
Screech  Owl  in  Bolivia  (Table  2).  The  Rufes¬ 
cent  Screech  Owl  has  by  far  the  longest  mean 
song  duration  and  highest  mean  maximum 
frequency  of  the  species  examined.  It  shows 
substantial  geographic  variation,  especially  in 
the  number  of  notes/second,  which  varies 
from  on  average  5.33  in  Ecuador  to  8.36  in 
Bolivia  with  intermediate  values  in  Peru  (Ta¬ 
ble  2),  suggesting  a  clinal  increase  in  pace 
from  north  to  south. 

Principal  component  analysis  did  not  iden- 
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FIG.  3.  Longsongs  of  three  species  of  Andean  Me¬ 
gascops  screech  owls.  (A)  Cloud-forest  Screech  Owl 
from  Bolivia:  Departamento  Cochabamba,  Serranfa  de 
Callejas;  18  August  1998,  recorded  by  AM.  (B)  Cin¬ 
namon  Screech  Owl  from  Ecuador:  Provincia  Zamora- 
Chinchipe,  Cordillera  del  Condor,  Chinapinza;  3 1  May 
2007,  recorded  by  Charlie  Vogt.  (C)  Rufescent  Screech 
Owl  from  Bolivia:  Departamento  Santa  Cruz,  La  Yun- 
ga  (on  road  from  Vallegrande  to  Masicurl);  27  May 
1996,  recorded  by  SKH.  (D)  Rufescent  Screech  Owl 
from  Ecuador:  Provincia  Napo,  Pan  de  Azucar;  2  No¬ 
vember  1990,  recorded  by  Niels  Krabbe. 


tify  isolated  taxon-specific  clusters  (Fig.  4). 
The  Bolivian  Cloud-forest  Screech  Owl  over¬ 
laps  widely  with  Cinnamon  Screech  Owl  of 
Ecuador  and  northern  Peru,  and  to  a  lesser 
extent  with  Ecuadorian  Rufescent  Screech 
Owl  (Fig.  4).  Only  the  songs  of  presumed 
Cloud-forest  Screech  Owl  from  Cordillera 
Yanachaga  in  Peru  form  a  somewhat  distinct 
and  tight  cluster,  but  sample  size  is  small  and 
the  number  of  individuals  sampled  uncertain. 
The  Rufescent  Screech  Owl,  the  species  with 
the  largest  geographical  range,  also  shows  the 
greatest  spread  and  variation  in  song  charac¬ 
teristics  with  overlap  between  Bolivian  and 
Peruvian  as  well  as  Peruvian  and  Ecuadorian 
populations.  Flowever,  Bolivian  and  Ecuador¬ 
ian  Rufescent  Screech  Owl  songs  do  not  over¬ 
lap.  The  Bolivian  Rufescent  Screech  Owl  is 
well  segregated  from  both  Cloud-forest  and 
Cinnamon  screech  owls,  whereas  the  Peruvian 
Rufescent  Screech  Owl  is  well  segregated 
from  Cinnamon  and  presumed  Peruvian 
Cloud-forest  screech  owls,  but  approach  Bo¬ 
livian  Cloud-forest  Screech  Owl;  some  songs 
of  Ecuadorian  Rufescent  Screech  Owls  ap¬ 
proach  but  do  not  overlap  with  those  of  Cin¬ 
namon  Screech  Owl  (Fig.  4). 

All  pair-wise  combinations  were  signifi¬ 
cantly  different  when  comparing  PC  I  factor 
scores  of  species  and  regions  directly,  except 
for  Peruvian  and  Ecuadorian  Rufescent 
Screech  Owl  (Table  3).  However,  the  differ¬ 
ence  between  Bolivian  and  presumed  Peruvi¬ 
an  Cloud-forest  Screech  Owl  was  only  mar¬ 
ginally  significant  (P  =  0.047).  Differences 
relative  to  other  species  for  the  Bolivian 
Cloud-forest  Screech  Owl  decreased  with  in¬ 
creasing  geographic  distance,  being  most  pro¬ 
nounced  in  comparison  with  sympatric  Rufes¬ 
cent  Screech  Owl  populations  (7-test  =  23.68; 
mean  factor  score  [mfs]  of  0.52  vs.  —1.80, 
respectively;  Amfs  =  2.32)  and  least  pro¬ 
nounced  in  comparison  with  Ecuadorian  Ru¬ 
fescent  Screech  Owl  (7-test  =  6.63;  Amfs  = 
1.05)  and  Cinnamon  Screech  Owl  (7-test  = 
-3.17;  Amfs  =  0.30)  (Fig.  4,  Table  3).  Cinna¬ 
mon  Screech  Owl  had  the  opposite  pattern 
with  respect  to  Rufescent  Screech  Owl  (great¬ 
est  difference  with  Bolivian  populations  of  the 
latter;  7-test  =  25.47;  Amfs  =  2.62),  but  differ¬ 
ences  were  small  in  comparison  with  the  al- 
lopatric  Bolivian  Cloud-forest  Screech  Owl 
(Amfs  =  0.30)  (Fig.  4,  Table  3). 


TABLE  2.  Selected  quantitative  characters  of  the  longsong  of  three  species  of  Andean  Megascops  screech  owls  from  different  regions.  Analyses  of  spectograms 
ed  Raven  1.2.1  (Charif  et  al.  2004).  Values  are  means  ±  SD  with  range  in  parentheses. 
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FIG.  4.  Factor  scores  produced  by  a  principal 
component  analysis  of  longsongs  of  three  species  of 
Andean  Megascops  screech  owls:  Cloud-forest 
Screech  Owl  from  Bolivia  (open  circles);  presumed 
Cloud-forest  Screech  Owl  from  Oxapampa  on  Cordil¬ 
lera  Yanachaga,  Peru  (open  triangles);  Cinnamon 
Screech  Owl  from  northern  Peru  and  southern  Ecuador 
(crosses);  Rufescent  Screech  Owl  from  Bolivia  (open 
squares);  Rufescent  Screech  Owl  from  Peru  (gray 
squares);  Rufescent  Screech  Owl  from  Ecuador  (solid 
squares).  Four  variables  were  included:  song  duration, 
frequency  at  which  maximum  power  (dB)  occurred, 
pace  (number  of  notes/sec),  and  change  in  pace  (dif¬ 
ference  in  duration  between  the  first  and  last  10  notes). 


Distribution. — The  specimen  photographs 
of  the  three  MUSM  specimens  from  Campa- 
mento  Segakiato,  Departamento  Cusco,  Peru, 
and  the  tape  recording  from  Inciensal  Sauce, 
Departamento  La  Paz,  Bolivia,'  are  clearly  re¬ 
ferable  to  Cloud-forest  Screech  Owl.  Thus,  the 
species  is  now  known  from  six  localities  (Fig. 
1). 

Habitat  Associations  and  Behavior. — The 
Cloud-forest  Screech  Owl  on  Cordillera  Co- 
capata  occurred  in  primary  and  slightly  dis¬ 
turbed  montane  evergreen  forest  at  altitudes  of 
2,120-2,580  m.  These  forests  were  character¬ 
ized  by  high  structural  complexity.  Trees  were 
festooned  with  a  plethora  of  mosses,  brome- 
liads,  orchids,  and  other  epiphytes,  and  the  un¬ 
dergrowth  was  impenetrably  dense,  similar  to 
the  type  locality  on  Cordillera  Vilcabamba. 
The  species  was  not  recorded  from  degraded 
or  highly  disturbed  forest  at  similar  altitudes 
and  would  appear  to  require  pristine,  structur¬ 
ally  complex  habitat.  The  species  inhabited 
similar  wet,  primary  evergreen  forest  on  Ser- 


TABLE  3.  PC  I  factor  scores  produced  by  a  principal  component  analysis  of  four  longsong  characters  of  three  species  of  Andean  Megascops  screech  owls  ( t - 
tests  with  degrees  of  freedom  in  parentheses;  Mann-Whitney  C-tests  for  Cloud-forest  Screech  Owl  songs  from  Peru).  CFSO  =  Cloud-forest  Screech  Owl,  CSO  = 
Cinnamon  Screech  Owl,  RSO  =  Rufescent  Screech  Owl.  *  P  <  0.05,  **  P  <  0.01,  ***  P  <  0.001,  n.s.  =  not  significant. 
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rama  de  Callejas,  but  it  was  recorded  at  con¬ 
siderably  lower  altitudes  of  1,550-1,620  m, 
although  presumably  it  extended  up  to  higher 
altitudes  (which  were  not  surveyed  during  vo¬ 
cal  activity  periods  of  the  Cloud-forest 
Screech  Owl).  C.  Mendoza  (pers.  comm.)  de¬ 
scribed  the  habitat  at  Campamento  Segakiato 
(1,850  m)  as  pristine,  wet  cloud  forest  on 
steep  slopes  with  abundant  epiphytes  and 
Chusquea  bamboo. 

We  can  say  little  about  the  behavior  of  the 
Cloud-forest  Screech  Owl  other  than  what  we 
witnessed  during  tape  recording  and  specimen 
capture.  The  owls  were  exposed  to  playback 
during  tape  recording  to  mimic  a  territorial  in¬ 
fraction  and  encourage  them  to  vocalize.  The 
obviously  territorial  individuals  responded 
quite  readily  to  playback,  and  we  observed  re¬ 
ciprocal  territorial  vocalizations  often  within 
10  to  15  min  after  the  onset  of  playback. 
However,  the  territorial  owl(s)  did  not,  at  least 
initially,  directly  confront  the  ‘intruder’.  It 
usually  took  up  to  ~2  hrs  to  coax  them  to 
within  20  m  of  the  tape  recorder.  They  were 
difficult  to  spotlight,  skulking  in  and  around 
the  heavy  layer  of  epiphytes  covering  the  tree 
branches.  It  appeared  that  individuals  moved 
around  subcanopy  trees  not  by  flying  from 
branch  to  branch,  but  by  clambering  along  the 
branches. 

The  species’  habitat  associations,  the  man¬ 
ner  in  which  we  observed  it  clambering  along 
branches,  and  the  presence  of  insect  remnants 
in  the  stomach  of  the  collected  individual  may 
lend  some  insight  into  the  feeding  habits  of 
the  Cloud-forest  Screech  Owl.  We  consider  it 
probable  the  species  scours  the  branches  of 
large  trees,  probing  in  and  around  the  epi¬ 
phytes  for  big  insects  and  other  arthropods. 

Ecological  Relationships  with  Sympatric 
Congeners. — We  identified  three  species  of 
congeneric  screech  owls  on  Cordillera  Coca- 
pata  that  were  distributed  in  an  altitudinally 
replacing  series.  The  Rufescent  Screech  Owl 
occurred  up  to  2,200  m.  Cloud-forest  Screech 
Owl  at  2,120-2,580  m,  and  White-throated 
Screech  Owl  (AT  albogularis )  above  2,540  m. 
It  appeared  that  successive  species  were  nar¬ 
rowly  syntopic,  their  distributions  overlapping 
by  no  more  than  50  to  100  altitudinal  meters. 
The  Rufescent  Screech  Owl  was  restricted  to 
areas  of  secondary  forest  with  fewer  epiphytes 
and  was  not  found  in  primary  forest  with 
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heavy  epiphytic  growth  in  the  area  of  syntopy 
with  Cloud-forest  Screech  Owl  at  2,120— 
2,200  m. 

We  observed  a  similar  altitudinal  replace¬ 
ment  pattern  in  the  Serranfa  de  Callejas,  where 
the  Rufescent  Screech  Owl  occurred  up  to 
1,600  m,  narrowly  overlapping  by  50  altitu¬ 
dinal  meters  with  the  Cloud-forest  Screech 
Owl.  The  latter  species  was  not  observed 
above  1,620  m,  but  no  night  surveys  were 
conducted  in  the  Serranfa  de  Callejas  between 
1,650  and  2,150  m,  and  it  may  have  been 
overlooked  in  that  altitudinal  range.  The 
White-throated  Screech  Owl  was  recorded 
from  2,150  m  to  near  timberline  at  —3,400  m. 

DISCUSSION 

Vocalizations. — Longsong  vocalizations  of 
Cloud-forest  and  Cinnamon  screech  owls  are 
remarkably  similar  (Fig.  4),  to  the  extent  that 
one  could  argue  they  should  be  treated  as  con- 
specific,  which  was  originally  expressed  (but 
not  published)  by  J.  T.  Marshall  (T.  S.  Schu- 
lenberg  and  M.  B.  Robbins,  pers.  comm.). 
However,  this  seems  unlikely  to  be  the  case 
for  three  reasons.  First,  the  plumages  of  these 
two  species  are  divergent  (Fitzpatrick  and 
O’Neill  1986).  Second,  other  widely  diverged 
congeneric  species  exhibit  some  overlap  in 
vocal  characteristics,  such  as  Cloud-forest 
Screech  Owl  and  Ecuadorian  samples  of  Ru¬ 
fescent  Screech  Owl  (Fig.  4,  Table  2).  Finally, 
vocal  similarity  between  Cloud-forest  and 
Cinnamon  screech  owls  may  arise  because 
Cloud-forest  Screech  Owl  exhibits  vocal  char¬ 
acter  displacement  from  sympatric  congeneric 
species,  which  coincidentally  has  generated 
similarity  with  the  allopatric  Cinnamon 
Screech  Owl.  This  hypothesis  is  supported  by 
increasing  vocal  divergence  between  popula¬ 
tions  of  Cloud-forest  Screech  Owl  and  Rufes¬ 
cent  Screech  Owl  with  reductions  in  geo- 
graphi  c  -  di  stance. 

The  considerable,  apparently  clinal,  geo¬ 
graphic  variation  in  the  longsong  of  Rufescent 
Screech  Owl  appears  to  be  the  first  quantita¬ 
tive  demonstration  of  such  variation  in  a  neo¬ 
tropical  non-passerine  species  with  innate  vo¬ 
calizations.  The  mechanisms  driving  this  var¬ 
iation  are  uncertain,  but  habitat  dependent  var¬ 
iation  in  selection  pressures,  reduced  gene 
flow  or  genetic  drift  may  generate  such  pat¬ 


terns  (Lindell  1998,  Slabbekoom  and  Smith 
2002) 

Distribution. — The  Cloud-forest  Screech 
Owl  is  known  from  six  scattered  localities 
with  three  each  in  Peru  and  Bolivia  (Fig.  1). 
The  new  records  show  the  species  inhabits  a 
considerably  greater  altitudinal  (1,550—2,580 
m)  and  latitudinal  (10°  37'  S  to  17°  10'  S) 
range  than  previously  thought.  Its  southern¬ 
most  known  locality  (Serranfa  de  Callejas)  is 
—  1,000  km  southeast  of  the  species’  type  lo¬ 
cality  in  Peru’s  Cordillera  Vilcabamba  and 
1,280  km  southeast  of  the  northernmost  lo¬ 
cality  in  Cordillera  Yanachaga.  The  distance 
between  localities  on  Serranfa  de  Callejas  and 
Cordillera  Cocapata  is  —110  km.  whereas  In- 
ciensal  Sauce  in  Parque  Nacional  Madidi  is 
340  km  northwest  of  Cordillera  Cocapata.  The 
resulting  distribution  pattern  is  bizarrely 
patchy  and  disjunct  (Fig.  1). 

The  species’  apparently  discontinuous  dis¬ 
tribution  may  be  caused  by  a  lack  of  field 
work  in  areas  between  the  known  sites.  Over¬ 
flights  and  ground  reconnaissance  indicate  the 
area  extending  from  Serranfa  de  Callejas  to 
Cordillera  Cocapata  and  to  an  immediately 
adjacent,  apparently  unnamed  mountain  range 
to  the  northwest  of  Cordillera  Cocapata  across 
the  Rio  Cotacajes  holds  much  pristine  and 
suitable  habitat  within  the  altitudinal  range  of 
the  Cloud-forest  Screech  Owl;  we  believe  the 
species’  distribution  is  more  or  less  continu¬ 
ous  here.  The  Yurigas  of  Parque  Nacional 
Madidi  in  contrast  are  separated  from  Cordil¬ 
lera  Cocapata  by  the  drier  central  and  southern 
La  Paz  Yungas  with  estimated  mean  annual 
precipitation  values  of  mostly  <2,000—2,500 
mm,  whereas  the  three  Bolivian  Cloud-forest 
Screech  Owl  localities  receive  >3,000  mm 
(Mueller  et  al.  2002).  A  2-week  survey  of  the 
humid  montane  forests  (1,600-2,600  m)  of 
Parque  Nacional  Cotapata  (16°  10'  S,  67°  52' 
W)  in  the  dry  central  Yungas  of  Departamento 
La  Paz  by  SKH  (unpubl.  data)  in  September 
1999  did  not  record  the  species.  We  believe 
the  lack  of  records  between  the  Yungas  of 
Parque  Nacional  Madidi  and  Cordillera  de 
Cocapata  represents  a  true  distribution  gap. 

A  recent  predictive  distribution  modeling 
study  (Young  2007)  confirmed  these  views 
and  estimated  an  extent  of  occurrence  of 
12,709  km2  for  the  Cloud-forest  Screech  Owl. 
The  study  further  suggested  the  species  occurs 
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in  four  highly  disjunct  areas  (Fig.  1):  (1)  a 
fairly  narrow  (—20-35  km)  stretch  extending 
for  —170-180  km  through  central  Departa- 
mento.  Pasco  (Cordillera  Yanachaga)  south 
into  north-central  Departamento  Junin;  (2)  the 
subpopulation  with  the  largest  area  in  north¬ 
west  Departamento  Cusco  and  adjacent  De¬ 
partamento  Junin,  which  encompasses  the 
type  locality  and  the  recent  specimen  locality 
Campamento  Segakiato;  (3)  the  subpopulation 
with  the  smallest  area  in  Parque  Nacional 
Madidi,  Departamento  La  Paz,  from  Inciensal 
Sauce  west  to  just  across  the  Peruvian  border 
in  Departamento  Puno;  and  (4)  a  230-km 
stretch  in  western  Departamento  Cochabamba 
and  immediately  adjacent  Departamento  La 
Paz,  which  includes  Cordillera  Cocapata,  the 
adjacent  unnamed  mountain  range,  and  Ser- 
ranfa  de  Callejas. 

Habitat  Associations. — The  occurrence  of 
the  Cloud-forest  Screech  Owl  at  considerably 
lower  altitudes  on  Serranfa  de  Callejas  than 
on  Cordillera  Cocapata  may  be  attributable  to 
differences  in  local  ecoclimatic  conditions  be¬ 
tween  both  mountain  ranges.  Serranfa  de  Cal¬ 
lejas,  on  the  outer  Yungas  slope,  is  directly 
exposed  to  incoming  clouds  and  periodic  in¬ 
fluxes  of  subpolar  cold  air  fronts  during  aus¬ 
tral  winter,  whereas  the  Pampa  Grande  Valley 
on  Cordillera  Cocapata  is  sheltered  by  several 
outlying  mountain  ranges  (especially  by  Cor¬ 
dillera  Mosetenes)  further  to  the  east.  Mueller 
et  al.  (2002)  estimated  approximate  mean  an¬ 
nual  precipitation  values  of  3,000  and  5,000 
mm  for  our  study  localities  on  Cordillera  Co¬ 
capata  and  Serranfa  de  Callejas,  respectively, 
whereas  Kessler  (1999)  estimated  that  mid-el¬ 
evations  (1,000-3,000  m)  on  Serranfa  de  Cal¬ 
lejas  receive  >8,000  mm.  Thus,  the  east  slope 
of  Cordillera  Cocapata  receives  considerably 
less  precipitation  and  is  characterized  by  a  dri¬ 
er,  warmer,  and  more  benign  climate  than  Ser¬ 
ranfa  de  Callejas,  which  might  explain  the  dif¬ 
ferences  in  the  Cloud-forest  Screech  Owl’s  al¬ 
titudinal  distribution  between  the  two  sites 
(Herzog  et  al.  1999). 

Breeding. — Based  on  the  gonadal  condition 
of  their  specimens,  Weske  and  Terborgh 
(1981)  found  that  breeding  was  in  progress 
from  late  June  to  mid-August.  The  testes  of 
five  males  varied  from  5  to  8  mm  during  that 
period,  compared  to  2.5  mm  in  a  juvenile  not 
in  reproductive  condition  (Weske  and  Ter¬ 


borgh  1981).  Given  the  only  somewhat  en¬ 
larged  testes  in  our  specimen  and  the  collect¬ 
ing  date  of  31  August,  it  is  probable  that  it 
was  captured  toward  the  end  of  the  breeding 
season.  Nothing  else  is  known  about  the  spe¬ 
cies’  breeding  biology. 

Ecological  Relationships  with  Sympatric 
Congeners. — A  similar  pattern  of  altitudinal 
replacement  was  observed  previously  for  Ru- 
fescent.  Cloud-forest,  and  White-throated 
screech  owls  in  Peruvian  cloud  forest,  but 
their  ranges  were  reported  to  be  non-overlap- 
ping  with  gaps  of  >100  altitudinal  meters  be¬ 
tween  adjacent  species  (Weske  and  Terborgh 
1981).  The  data  of  Weske  and  Terborgh 
(1981)  were  based  exclusively  on  mist  net 
captures,  and  it  seems  likely  that  sampling  ar¬ 
tifacts  may  have  biased  their  results.  Several 
studies  (e.g.,  Remsen  and  Good  1996)  report¬ 
ed  numerous  biases  of  mist  net  data.  Fitzpat¬ 
rick  and  O’Neill  (1986)  reported  local  syntopy 
of  Cinnamon  and  Rufescent  screech  owls  at 
three  sites  in  Peru,  and  their  figure  2  shows  a 
fairly  wide  altitudinal  overlap  of  the  two  spe¬ 
cies  from  —1,700  to  2,300  m.  However,  Fitz¬ 
patrick  and  O’Neill  (1986,  figure  2)  show 
combined  data  from  all  localities  and  allow  no 
conclusions  about  the  local  extent  of  altitudi¬ 
nal  syntopy  of  both  species. 

The  seemingly  consistent  pattern  of  narrow¬ 
ly  overlapping  altitudinal  replacement  in  An¬ 
dean  Megascops  taxa  combined  with  the  var¬ 
iable  location  of  replacement  zones,  depend¬ 
ing  on  local  ecoclimatic  conditions,  is  com¬ 
patible  with  the  hypothesis  that  species’ 
distributions  are  primarily  maintained  by  ex¬ 
clusion  via  interspecific  competition.  The  ef¬ 
fect  of  interference  competition  in  birds  is  par¬ 
ticularly  evident  in  the  Andes  (Terborgh  and 
Weske  1975,  Terborgh  1985),  where  closely 
related  sister  species  of  numerous  genera 
show  patterns  of  sharp  (parapatric)  latitudinal 
or  altitudinal  replacements  (e.g..  Bates  and 
Zink  1994,  Krabbe  and  Schulenberg  1997, 
Garcia-Moreno  and  Fjeldsa  1999),  and 
marked  geographical  replacement  patterns  are 
maintained  despite  the  considerable  dispersal 
ability  of  birds.  However,  altitudinal  replace¬ 
ments  may  arise  through  mechanisms  other 
than  interspecific  competition  (Cadena  2007). 

CONSERVATION  STATUS 

The  Cloud-forest  Screech  Owl  is  currently 
listed  as  Near  Threatened  under  IUCN  Red 
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List  criteria  and  considered  to  nearly  meet 
Vulnerable  criterion  D2,  i.e.,  population  with 
a  restricted  area  of  occupancy  (typically  <20 
km2)  or  number  of  locations  (typically  5  or 
fewer)  (BirdLife  International  2008).  The  new 
information  presented  here  clearly  indicates 
that  criterion  D2  does  not  apply  to  the  species. 
However,  it  meets  criterion  Bla  (extent  of  oc¬ 
currence  estimated  to  be  <20,000  km2,  com¬ 
bined  with  a  severely  fragmented  range  or  no 
more  than  10  known  localities). 

The  species  would  also  have  to  meet  either 
criterion  Bib  (continuing  decline  observed, 
inferred,  or  projected  in  either:  extent  of  oc¬ 
currence;  area  of  occupancy;  area,  extent  and/ 
or  quality  of  habitat;  number  of  locations  or 
subpopulations;  or  number  of  mature  individ¬ 
uals)  or  Blc  (extreme  fluctuations  in  either: 
extent  of  occurrence;  area  of  occupancy;  num¬ 
ber  of  locations  or  subpopulations;  or  number 
of  mature  individuals)  to  qualify  as  Vulnera¬ 
ble.  Neither  a  significant  decline,  nor  extreme 
fluctuations  in  either  of  those  parameters  can 
been  ascertained  for  the  Cloud-forest  Screech 
Owl.  Deforestation  rates  are  high  in  the  trop¬ 
ical  Andes  biodiversity  hotspot  (0.94%  aver¬ 
age  annual  deforestation  rate  for  Venezuela, 
Colombia,  Ecuador,  Peru,  and  Bolivia  from 
1990  to  1995;  FAO  1997,  Brooks  et  al.  2002). 
However,  the  majority  of  this  deforestation,  at 
least  in  Bolivia  and  southern  Peru,  occurs  in 
Andean  foothills,  at  the  upper  treeline,  and  in 
mesothermic  valleys  (authors,  pers.  obs.).  Hu¬ 
mid  mid-elevation  slopes  are  much  less  af¬ 
fected,  especially  in  wet  areas  with  high  pre¬ 
cipitation  levels  such  as  Serrama  de  Callejas, 
which  are  unsuitable, for  subsistence  farming 
(authors,  pers.  obs.). 

The  global  population  size  of  the  Cloud- 
forest  Screech  Owl  could  exceed  10,000  ma¬ 
ture  individuals,  given  its  fairly  high  abun¬ 
dance  on  Cordillera  Vilcabamba  (Weske  and 
Terborgh  1981)  and  an  estimated  extent  of  oc¬ 
currence  of  nearly  13,000  km2  (Young  2007). 
Consequently,  Vulnerable  criterion  C  also 
does  not  apply.  The  currently  available  evi¬ 
dence  suggests  the  Cloud-forest  Screech  Owl 
should  continue  to  be  listed  as  Near  Threat¬ 
ened,  especially  in  view  of  the  species’  ap¬ 
parent  preference  for  pristine,  structurally 
complex  forest.  Further  research  is  needed,  fo¬ 
cusing  on  population  size  estimates  and  de¬ 
forestation  rates  in  the  altitudinal  and  habitat 


range  of  the  Cloud-Forest  Screech  Owl.  This 
research  may  well  show  the  species  is  more 
appropriately  categorized  as  globally  Vulner¬ 
able. 
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APPENDIX 

Longsong  recordings  examined  per  species 
and  country  (date,  locality,  recordist). 

Megascops  marshalli 

Bolivia:  16  July  1996,  Departamento  Co¬ 
chabamba,  Serranfa  de  Callejas,  SKH  (Mayer 
2000);  18  August  1998,  Departamento  Cocha¬ 
bamba,  Serranfa  de  Callejas,  AM  (Mayer 
2000);  13  September  2000,  Departamento  Co¬ 
chabamba,  Serranfa  de  Callejas,  SKH;  28  Au¬ 
gust  2001,  Departamento  Cochabamba,  Cor¬ 
dillera  Cocapata,  SKH;  26  June  2002,  Depar¬ 
tamento  La  Paz,  Inciensal  Sauce,  A.  B.  Hen¬ 
nessey. 
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Peru:  6  June  2002,  Departamento  Pasco, 
Cordillera  Yanachaga  ~20  km  east  of  Oxa- 
pampa,  Jonas  Nilsson;  2002  (exact  date  un¬ 
known),  Departamento  Pasco,  Cordillera  Yan¬ 
achaga  ~20  km  east  of  Oxapampa,  Mark  So¬ 
kol;  8  March  2004,  Departamento  Pasco,  Cor¬ 
dillera  Yanachaga  —20  km  east  of  Oxapampa, 
TV. 

Megascops  petersoni 

Peru:  31  August  2005,  Departamento  San 
Martin,  Abra  Patricia,  Robert  Ahlman  (http:// 
www.xeno-canto.org);  17  July  2006,  Depar¬ 
tamento  San  Martin,  Alto  Mayo  1  km  east  of 
Campamento  Garcia  (near  Abra  Patricia),  Jel- 
mer  Poelstra  and  Vincent  van  der  Spek  (http:// 
www.xeno-canto.org). 

Ecuador:  10,  11,  and  16  September  1990  (4 
recordings),  Provincia  Zamora-Chinchipe, 
Cordillera  del  Condor,  Chinapinza,  Niels 
Krabbe  (Krabbe  and  Nilsson  2003);  3  January 
1 997,  Provincia  Zamora  Chinchipe,  southeast 
Chito,  Jonas  Nilsson  (Krabbe  and  Nilsson 
2003);  17  August  2002,  Provincia  Morona- 
Santiago,  west  Cutucu,  Jonas  Nilsson  (Krabbe 
and  Nilsson  2003);  31  May  2007,  Provincia 
Zamora-Chinchipe,  Cordillera  del  Condor, 
Chinapinza,  Charlie  Vogt  (http://www. 
xeno-canto.org). 


Megascops  ingens 

Bolivia:  11  March  1993,  Departamento 
Santa  Cruz,  La  Yunga  (on  road  from  Valle- 
grande  to  Masicurf),  Sjoerd  Mayer  (Mayer 
2000);  27  May  1996,  Departamento  Santa 
Cruz,  La  Yunga  (on  road  from  Vallegrande  to 
Masicurf),  SKH  (Mayer  2000);  26  August 
1996,  Departamento  Cochabamba,  Serranfa  de 
Callejas,  SKH  (Mayer  2000);  1 1  September 
1998,  Departamento  La  Paz,  Serranfa  Beu, 
Bennett  Hennessey  (Mayer  2000);  27  Novem¬ 
ber  1 999,  Departamento  La  Paz,  Serranfa  Sa- 
diri,  Bennett  Hennessey  (Mayer  2000,  Schu- 
lenberg  2000). 

Peru:  10  July  2001,  Departamento  Madre 
de  Dios,  Manu  National  Park,  above  Union 
bridge,  Ramiro  Yabar  and  Virgilio  Yabar;  3 
July  1997,  Departamento  Junfn,  northern  Cor¬ 
dillera  Vilcabamba,  headwaters  of  the  Rfo 
Poyeni,  Thomas  Schulenberg  (Schulenberg 
2000). 

Ecuador:  2  November  1990,  Provincia 
Napo,  Pan  de  Azucar,  Niels  Krabbe  (Krabbe 
and  Nilsson  2003);  1  March  1997,  Provincia 
Napo,  3  km  northeast  Guagua  Sumaco  on  Na- 
rupa-Loreto  Road,  Jonas  Nilsson  (Krabbe  and 
Nilsson  2003);  26  August  2001,  Provincia 
Napo,  Loreto  Road,  Nick  Athanas  (http:// 
www.xeno-canto.org);  24  August  2002,  Pro¬ 
vincia  Morona-Santiago,  Cutucu,  Niels  Krab¬ 
be  (Krabbe  and  Nilsson  2003). 
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GEOGRAPHIC  VARIATION  IN  PLUMAGE  PATTERN  AND 
COLORATION  OF  SAVANNAH  SPARROWS 

JAMES  D.  RISING,1’3  DONALD  A.  JACKSON,1  AND  H.  BOBBY  FOKIDIS2 


ABSTRACT. — We  used  principal  coordinates  analysis  to  analyze  variation  in  1 1  plumage  characteristics  of 
1,722  Savannah  Sparrows  (Passerculus  sandwichensis )  breeding  at  55  different  sites  from  throughout  the  species’ 
range  in  Canada,  Mexico,  and  the  United  States.  There  is  clinal  interpopulational  variation  in  size  with  consid¬ 
erable  overlap  among  localities.  Savannah  Sparrows  resident  along  the  Pacific  coast  of  southern  California  and 
Baja  California,  and  those  from  along  the  coast  of  Sinaloa  and  Sonora  (i.e.,  saltmarsh  Savannah  Sparrows)  differ 
from  those  throughout  the  rest  of  their  range  (i.e.,  non-saltmarsh).  Variation  among  populations  of  non-saltmarsh 
Savannah  Sparrows  was  clinal  with  the  exception  of  those  from  Sable  Island,  Nova  Scotia,  which  are  consistently 
more  pallid  than  birds  from  the  adjacent  mainland.  Western  Savannah  Sparrows  are  more  pallid  than  those  in 
the  east.  The  median  crown  stripe  of  eastern  Savannah  Sparrows  is  distinct,  whereas  the  median  crown  stripe 
of  western  Savannah  Sparrows  generally  is  indistinct  or  narrow.  Savannah  Sparrows,  with  the  exception  of  those 
on  Sable  Island,  are  also  more  pallid  in  relatively  hot  and  dry  areas  than  in  cool  mesic  sites,  following  the 
general  prediction  of  Gloger’s  Rule.  There  is  clinal  variation  of  saltmarsh  populations  along  the  Pacific  coast 
with  those  in  the  north  being  relatively  dark  in  coloration,  and  with  more  yellow  in  the  supercilium  than  those 
farther  south.  There  is  also  clinal  variation  among  the  populations  from  the  east  coast  of  the  Gulf  of  California 
with  pallid  birds  in  the  north,  where  vegetation  is  sparse,  and  darker  birds  to  the  south;  these  coastal  birds  have 
indistinct  median  crown  stripes  and  little  yellow  in  the  supercilium.  Received  16  June  2008.  Accepted  3  Novem¬ 
ber  2008. 


Savannah  Sparrows  ( Passerculus  sandwich¬ 
ensis)  are  among  the  most  widespread  and 
geographically  variable  New  World  songbirds. 
They  breed  from  the  Aleutian  Islands  east 
across  Alaska  and  mainland  Canada  and  the 
United  States,  north  to  the  Arctic  Ocean  and 
Hudson  Bay,  and  south  to  Pennsylvania, 
northern  New  York,  and  northwestern  Georgia 
(in  the  Appalachian  Mountains),  central  Ohio, 
Indiana,  Illinois,  and  Iowa,  northern  Nebraska, 
western  Colorado  and  New  Mexico,  and  in  the 
west  from  Alaska  south  to  California.  They 
are  resident  in  the  interior  of  Mexico  and 
south  in  the  highlands  to  southern  Mexico 
(and  perhaps  to  Guatemala),  and  along  the  Pa¬ 
cific  coast  in  saltmarshes  from  California  to 
southern  Baja  California  (Rising  and  Beadle 
1996).  The  American  Ornithologists’  Union 
(AOU  1957)  recognized  16  subspecies  of  Sa¬ 
vannah  Sparrows  in  addition  to  the  Ipswich 
Sparrow  (P.  princeps)  which  has  more  re¬ 
cently  has  been  treated  as  a  subspecies  of  the 
Savannah  Sparrow  (AOU  1998).  Paynter  and 
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Storer  (1970)  recognized  21  subspecies  (in¬ 
cluding  P.  s.  princeps ).  Hellmayr  (1938)  listed 
15  subspecies  (including  P.  j..  princeps)  for 
the  world,  and  Miller  et  al.  (1957)  listed  15 
subspecies  from  Mexico.  This  large  number 
of  subspecies  is  a  reflection  of  the  species’ 
considerable  geographic  variation  in  size,  pro¬ 
portions,  and,  most  especially,  coloration  (Pe¬ 
ters  and  Griscom  1938,  Aldrich  1940,  Hub¬ 
bard  1974).  Rising  (2001)  summarized  geo¬ 
graphic  variation  in  size  of  this  species,  but 
discussed  variation  in  coloration  only  in  pass¬ 
ing.  Rising  (2007)  proposed  that  only  six  sub¬ 
species  be  recognized.  The  objectives  of  this 
paper  are  to:  (1)  provide  a  quantitative  ac¬ 
count  of  geographic  variation  among  popula¬ 
tions  of  Savannah  Sparrows  throughout  their 
range,  and  (2)  describe  the  relationship  of  pat¬ 
terns  of  plumage  variation  to  local  climatic 
environments,  as  well  as  to  latitude,  longitude, 
and  elevation  at  each  sampling  site. 

METHODS 

Collections. — JDR  collected  and  analyzed 
samples  of  Savannah  Sparrows  from  sites  cov¬ 
ering  nearly  the  entire  breeding  range  of  the 
species  (Fig.  1,  Appendix;  Rising  2001).  All 
specimens  were  collected  just  prior  to,  or  dur¬ 
ing,  the  breeding  season  and  are  assumed  to 
have  been  collected  near  their  breeding  site. 
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FIG.  1 .  Distribution  of  collections  of  Savannah  Sparrows  in  North  America. 


Adults  of  this  species  undergo  a  complete  Pre- 
basic  molt  (partial  in  first-year  birds)  in  the  fall 
that  occurs,  at  least  in  part,  in  breeding  areas 
after  breeding  (Pyle  1997).  The  molt  may  be 
suspended  during  migration  if  it  is  not  com¬ 
pleted  in  breeding  areas,  although  this  has  not 
been  studied.  The  timing  of  the  molt  also  may 
vary  geographically.  There  is  a  limited  Preal¬ 
ternate  molt  in  spring  that  involves  principally 
head  feathers,  but  may  also  result  in  the  re¬ 
placement  of  some  tertials  and  central  rectrices. 
Thus,  birds  collected  in  the  breeding  season 


have  worn  plumage,  whereas  sparrows  collect¬ 
ed  in  autumn  have  unworn  plumage.  Fall-  and 
winter-taken  specimens  are  of  unknown  geo¬ 
graphic  origin  and  are  not  useful  for  analyses 
or  geographic  variation  in  color.  Both  males 
and  females  were  collected  at  each  site,  and 
each  was  prepared  as  a  skin-and-skeletal  spec¬ 
imen  (Rising  2001).  The  skins  were  all  pre¬ 
pared  in  the  same  way:  roughed  out  in  the  field, 
and  then  cleaned  and  stuffed  in  the  museum. 
These  specimens  are  housed  in  the  Royal  On¬ 
tario  Museum  in  Toronto,  Ontario,  Canada. 
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Plumage  Quantification. — Savannah  Spar¬ 
rows  are  streaked  and  spotted  birds,  and  we 
decided  it  would  be  difficult  to  obtain  repeat- 
able  estimates  of  spectral  reflectance.  Thus, 
JDR  selected  14  quantitative  multistate  char¬ 
acters  to  quantify  variation  in  plumage  pattern 
and  coloration.  Each  was  scored  on  a  scale  of 
1  to  6  or  1  to  4  with  1  being  the  lowest  value 
for  each  feature  (size  or  extent  of  spotting, 
palest  color,  etc.)  and  4  or  6  being  the  highest. 
Each  specimen  scored  was  compared  to  a  ref¬ 
erence  series  of  18  birds,  selected  to  show 
most  of  the  variation  in  the  species.  JDR 
scored  all  of  the  specimens  once,  and  then 
each  was  scored  a  second  time  in  an  effort  to 
decrease  variation  in  the  scoring.  Only  1 1  fea¬ 
tures  were  selected  for  the  second  scoring  as 
three  features  could  not  be  scored  in  a  consis¬ 
tent  manner;  all  colors  follow  Smithe  (1975). 
These  1 1  features  are: 

spot  size  (the  size  of  the  ventral  spots;  1  = 
small  and  6  =  large), 

spot  color  (the  color  of  the  ventral  spots;  1 
=  fawn  [color  25]  and  6  =  dusky  brown 
[19]), 

spot  extent  (the  extent  of  the  ventral  spot¬ 
ting;  1  =  few,  restricted  to  upper  breast 
with  few  on  the  flanks,  and  6  =  extensive 
streaking), 

background  color  (the  ventral  background 
color;  1  =  whitish  and  6  =  pale  horn 
[92]), 

throat  color  (1  =  white  and  unspotted  and 
4  =  spotted  with  dark  spots), 

undertail  covert  color  (1  =  white  and  no 
beige  patches  and  4  =  with  large  patch¬ 
es), 

supercilium  color  (the  amount  of  yellow  in 
the  supercilium;  1  =  none  and  6  exten¬ 
sively,  bright  spectrum  yellow  [55]), 

mantle  color  (the  color  of  the  centers  of  the 
mantle  feathers  and  scapulars;  1  =  pale 
tawny  [38]  and  6  =  dusky  brown  or 
black), 

margin  color  (brightness)  (the  color  of  the 
edges  of  the  mantle  feathers;  1  =  hoary 
and  6  =  dark), 

crown  stripe  (the  distinctiveness  of  the  me¬ 
dian  crown  stripe;  1  =  distinct,  and  6  = 
absent),  and 

spot  width  (the  width  of  the  lateral  crown 
stripe  spots;  1  =  small  and  6  =  broad). 


The  scores  were  selected  a  priori  to  cover 
the  possible  range  of  variation.  Only  speci¬ 
mens  that  could  be  scored  for  all  1 1  characters 
were  used  in  the  analyses. 

Statistical  Analyses. — We  calculated  the 
Euclidean  distances  among  all  pairs  of  birds 
to  examine  the  extent  of  similarity  among 
specimens  for  the  combination  of  characters. 
We  performed  principal  coordinates  analysis 
(PCoA)  using  NTSYS-pc  1.8  software 
(NTSYS-pc  1993)  to  reduce  the  complexity  of 
the  resulting  matrix.  All  other  statistical  cal¬ 
culations  were  performed  using  SAS  software 
(SAS  Institute  Inc.  1988).  These  samples  were 
divided  into  two  groups  on  the  basis  of  mor¬ 
phology  (Rising  2001),  ecology,  and  behavior: 
those  resident  in  saltmarshes  on  the  west  coast 
(i.e.,  the  saltmarsh  sparrows),  and  those  that 
do  not  breed  in  saltmarshes  (i.e.,  the  non-salt- 
marsh  or  typical  sparrows).  Three  sets  of  spar¬ 
rows  were  used  for  analyses:  (1)  all  1,722 
specimens  (from  55  locations);  (2)  1,497  spec¬ 
imens  of  non-saltmarsh  sparrows  (from  47 
non-saltmarsh  localities);  and  (3)  225  speci¬ 
mens  of  saltmarsh  sparrows  (from  9  locations) 
(Appendix).  Savannah  Sparrows  are  sexually 
monomorphic  in  color  (Wheelwright  and  Ris¬ 
ing  1993,  Pyle  1997),  and  males  and  females 
were  combined  in  analyses.  Treating  the  males 
and  females  separately  had  no  significant  ef¬ 
fect  on  the  general  results,  and  reduced  sam¬ 
ple  sizes. 

The  sample  from  Morro  Bay  was  included 
in  both  the  saltmarsh  and  non-saltmarsh 
groups  because  this  group  of  sparrows  is  in¬ 
termediate  morphologically  (Rising  2001), 
and  often  have  been  classified  with  non-salt¬ 
marsh  sparrows  even  though  they  are  resident 
in  saltmarshes.  The  first  two  axes  from  the 
PCoA  of  the  matrix  containing  all  populations 
and  the  matrix  containing  the  saltmarsh  pop¬ 
ulations  were  non-trivial  (Jackson  1993).  Ad¬ 
ditional  axes  were  important  in  the  analysis  of 
the  non-saltmarsh  populations,  and  six  were 
retained  from  each  of  the  solutions.  We  used 
discriminant  functions  analysis  (DFA)  (SAS, 
Procedure  DISCRIM)  using  the  first  six  prin¬ 
cipal  coordinate  scores  as  variables  to  exam¬ 
ine  if  there  were  multivariate  differences 
among  the  groups. 

We  calculated  the  mean,  range,  and  stan¬ 
dard  deviation  for  PCoA  I  and  PCoA  II 
scores,  and  used  Pearson’s  product-moment 
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correlations  to  identify  the  correlations  (fac¬ 
tor  loadings)  between  the  raw  scores  for  each 
plumage  and  each  of  the  two  PCoA  scores. 
This  allowed  us  to  ascertain  the  magnitude 
and  dimension  that  best  explained  the  varia¬ 
tion  for  each  plumage  characteristic.  We  used 
Pearson’s  (parametric)  and  Spearman’s  (non- 
parametric)  correlations  to  assess  the  pattern 
of  variation  in  relation  to  geography  and  cli¬ 
mate  between  the  first  two  PCoA  scores  of 
each  of  the  following:  ( 1 )  latitude,  (2)  lon¬ 
gitude,  (3)  elevation  of  the  collecting  locali¬ 
ties,  (4)  mean  annual  precipitation,  (5)  mean 
June  precipitation,  (6)  mean  minimum  sum¬ 
mer  air  temperature  (Jun— Aug),  (7)  mean 
maximum  summer  air  temperature,  (8)  ex¬ 
treme  minimum  summer  air  temperature,  and 
(9)  extreme  maximum  summer  air  tempera¬ 
ture.  We  used  climatic  data  from  the  nearest 
recording  weather  station  to  each  locality 
listed  by  Environment  Canada  (1973)  and 
NOAA  (1983).  The  environmental  data  used 
are  in  Rising  (2001).  Climatic  data  were  not 
available  for  all  samples,  and  samples  with¬ 
out  climatic  data  were  omitted  from  the  cor¬ 
relation  analyses. 

RESULTS 

Multivariate  Measures  of  Plumage  Vari¬ 
ables. — The  discriminant  functions  analysis 
(DFA)  using  all  55  localities  revealed  there 
were  highly  significant  differences  among 
samples  in  multivariate  space.  Most  of  the  dif¬ 
ferences  between  individual  samples  also 
were  statistically  significant  (data  not  present¬ 
ed)  (1,444  of  1,485  different  comparisons). 
Those  41  comparisons  that  did  not  differ  sig¬ 
nificantly  were  generally  geographically  close 
to  each  other.  Some  samples  were  significant¬ 
ly  different  from  all  others:  for  example,  all 
of  the  saltmarsh  samples  were  statistically  dif¬ 
ferent  from  all  other  samples.  There  was  sub¬ 
stantial  overlap  among  the  samples  and,  with 
the  exception  of  Sable  Island,  in  a  posteriori 
analyses  only  a  small  overall  percentage  of 
individuals  was  correctly  identified  to  their 
correct  group.  About  89%  of  the  birds  from 
Sable  Island  were  correctly  identified  as  being 
from  Sable  Island,  whereas  in  all  samples 
combined,  only  —21%  of  the  individuals  were 
identified  ipto  the  correct  sample.  Misidenti- 
fied  specimens  were  often,  but  not  always, 
placed  in  a  close  geographical  area.  For  ex¬ 


ample,  birds  from  St.  Andrews,  New  Bruns¬ 
wick  were  identified  as  being  from  Atlantic 
Canada,  but  also  from  geographically  distant 
places  such  as  Kuujjuaq,  Quebec;  Manitoba; 
Alberta;  Northwest  Territories;  and  Lerma, 
Mexico.  Birds  from  Lerma  were  identified  as 
being  from  Kuujjuaq.  Quebec,  northern  On¬ 
tario,  the  Magdalen  Islands,  Quebec,  and 
Sheridan,  Wyoming. 

There  is  one  less  axis  in  principal  coordi¬ 
nates  analysis  than  the  number  of  individuals 
in  the  analysis,  each  explaining  less  of  the  to¬ 
tal  variation  among  individuals  than  that  pre¬ 
ceding.  We  concentrated  only  on  the  first  two 
principal  coordinates  to  simplify  analyses  and 
to  present  results  with  minimal  loss  of  infor¬ 
mation.  These  two  coordinates  together  ex¬ 
plain  43.4  to  59.6%  of  the  total  variance  (Ta¬ 
ble  1);  addition  of  more  axes  would  lead  to 
little  clarification  of  the  data.  The  correlation 
between  PCoA  I  and  PCoA  II,  and  the  1 1  var¬ 
iables  for  the  three  analyses  (All,  Non-salt- 
marsh,  and  Saltmarsh)  varied  (Table  1).  The 
correlation  vectors  in  these  three  analyses  are 
quite  different,  indicating  the  patterns  of  co¬ 
variation  of  saltmarsh  and  non-saltmarsh  birds 
differ  substantially  (Table  1 ). 

The  correlations  between  PCoA  I  and  all 
characters  except  for  median  crown  stripe  for 
the  non-saltmarsh  birds  are  negative  (correla¬ 
tions  between  the  coordinate  and  ventral 
background  color  and  undertail  covert  color 
are  essentially  0).  Thus,  individuals  with  large 
PCoA  I  scores  are  rather  pallid  with  limited 
spotting,  little  yellow  in  the  supercilium,  and 
an  indistinct  or  narrow  medium  crown  stripe. 
Birds  with  large  PCoA  II  scores  tend  to  have 
heavily  spotted  throats  and  an  indistinct  crown 
stripe  (Table  1). 

The  correlations  between  PCoA  I  and 
plumage  characteristics  among  saltmarsh 
birds  are  similar  to  those  of  non-saltmarsh 
birds  except  the  correlation  between  ventral 
background  color  is  —0.72  (cf.  —0.07  for 
non-saltmarsh  birds)  and,  overall,  the  corre¬ 
lations  are  stronger.  Individuals  with  large 
PCoA  II  scores  tend  to  have  small  ventral 
spots  with  pale  background  color,  extensive 
throat  spotting,  broad  crown  spots,  and  little 
yellow  in  the  supercilium. 

The  relationship  among  the  samples  in  the 
bivariate  space  defined  by  PCoA  I  and  PCoA 
II  scores  varied  (Fig.  2).  Saltmarsh  birds  are 
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clustered  away  from  the  others  (Fig.  2A),  and 
differ  from  typical  Savannah  Sparrows  by 
having  little  yellow  in  the  supercilium,  pale 
edges  to  the  back  feathers,  and  an  indistinct 
or  thin  median  crown  stripe  with  small  crown 
spots.  Birds  with  large  PCoA  II  scores  are  pal¬ 
lid  with  reduced  spotting  (Sable  Island  and 
Puerto  Penasco),  whereas  those  with  small 
scores  are  darkly  colored  with  extensive  spot¬ 
ting  (San  Diego  and  Guerrero  Negro).  The 
sample  from  Sable  Island  is  an  outlier  on  Axis 
I,  and  Morro  Bay  on  Axis  II  (Fig.  2B)  when 
the  saltmarsh  birds  (with  the  exception  of 
Morro  Bay)  are  removed  and  the  principal  co¬ 
ordinates  recalculated. 

Saltmarsh  Savannah  Sparrows. — Three  lo¬ 
calities  were  sampled  from  along  the  east 
coast  of  the  Gulf  of  California  (Fig.  2C): 
Puerto  Penasco  (northern  Sonora),  Bahia  Kino 
(central  Sonora),  and  El  Molino  (central  Si¬ 
naloa).  There  are  five  samples  from  the  Pacific 
coast  (Fig.  2C):  Morro  Bay  (central  Califor¬ 
nia),  San  Diego  (southern  California),  Bahia 
San  Quintin  (northern  Baja  California),  Guer¬ 
rero  Negro  (southern  Baja  California),  and 
Bahia  Magdalena  (central  Baja  California 
Sur).  The  San  Benito  sample  is  from  Islas  San 
Benito,  140  km  west  of  Guerrero  Negro  in  the 
Pacific  Ocean.  These  are  the  only  Savannah 
Sparrows  in  this  region  that  are  not  found  in 
saltmarshes  with  the  exception  of  a  small  pop¬ 
ulation  on  Islas  Todos  Santos  off  Ensenada, 
northwestern  Baja  California.  Instead  their 
habitat  consists  of  sparse  xerophylic  vegeta¬ 
tion.  Thus,  they  are  ecologically  different 
from  the  mainland  saltmarsh-dwelling  indi¬ 
viduals,  but  presumably  descended  from  salt¬ 
marsh  colonists. 

The  discriminant  functions  analysis  (DFA) 
of  the  nine  saltmarsh  samples  revealed  highly 
significant  differences.  The  first  six  PCoA 
scores,  which  were  used  as  variables  in  this 
analysis,  explain  80%  of  the  plumage  varia¬ 
tion  among  these  samples  (Fig.  2C).  Overall, 
the  DFA  correctly  identified  —69%  of  the  225 
individuals  to  the  correct  localities  with  100% 
of  the  individuals  correctly  identified  in  three 
of  the  samples:  Puerto  Penasco,  Bahia  Kino, 
and  Islas  San  Benito  (Table  2).  Two  of  the 
specimens  from  El  Molino  were  identified  as 
being  from  Bahia  Kino  (north  along  the  Gulf 
Coast),  and  one  from  Bahia  Magdalena  (the 
southern-most  from  Baja  California)  while 
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FIG.  2.  (A)  Bivariate  plot  of  all  55  samples  of  Savannah  Sparrows  in  the  space  defined  by  the  first  two 

principal  coordinate  axes;  (B)  bivariate  plot  of  only  the  non-saltmarsh  samples  of  .Savannah  Sparrows;  and  (C) 
bivariate  plot  of  only  the  saltmarsh  samples  of  Savannah  Sparrows.  Morro  Bay  in  included  in  both  (B)  and  (C). 


Rising  et  al.  •  GEOGRAPHIC  VARIATION  IN  SAVANNAH  SPARROW  COLOR 


259 


TABLE  2.  Actual  vs.  predicted  identification  of  Saltmarsh  Savannah  Sparrows. 


Predicted  group  membership 


Actual  group 

n 

Pto.  P 

Kino 

Molino 

Mag. 

G.  N. 

San  Q. 

San  D. 

Morro 

San  B. 

Pto.  Penasco 

14 

14 

0 

0 

0 

0 

0 

0 

0 

0 

Bahia  Kino 

25 

0 

25 

0 

0 

0 

0 

0 

0 

0 

El  Molino 

22 

0 

2 

17 

1 

0 

0 

0 

2 

0 

B.  Magdalena 

32 

0 

1 

5 

19 

1 

2 

4 

0 

0 

Guerrero  Negro 

37 

0 

0 

1 

3 

24 

6 

2 

1 

0 

B.  San  Quintin 

31 

0 

0 

0 

2 

8 

15 

5 

1 

0 

San  Diego 

33 

0 

0 

1 

6 

3 

3 

18 

2 

0 

Morro  Bay 

17 

0 

0 

1 

1 

0 

2 

3 

10 

0 

I.  San  Benito 

14 

0 

0 

0 

0 

0 

0 

0 

0 

14 

two  were  identified  as  being  from  Morro  Bay. 
The  sample  from  Bahia  San  Quintin  had  the 
lowest  number  correctly  identified,  but  most 
of  the  misidentified  individuals  were  identified 
as  being  from  adjacent  areas  (i.e.,  San  Diego, 
California  and  Guerrero  Negro,  Baja  Califor¬ 
nia).  None  of  the  birds  from  Guerrero  Negro 
was  identified  as  being  from  Islas  San  Benito. 

The  sparrows  from  coastal  Sinaloa  and  So¬ 
nora  in  the  plots  of  PCoA  I  versus  PCoA  II 
(Fig.  2C)  are  plotted  to  the  right  on  PCoA  I. 
They  are  relatively  pale  with  indistinct  median 
crown  stripes  (Fig.  2C,  Table  1).  Variation  on 
the  PCoA  I  axis  is  clinal  along  the  coast  of 
the  Gulf  of  California  with  birds  from  Puerto 
Penasco  the  palest  and  those  from  El  Molino 
the  darkest.  The  birds  from  Islas  San  Benito 
and  Bahia  Magdalena  are  similar  to  those 
from  El  Molino  on  this  axis;  the  sparrows 
from  San  Diego  and  Guerrero  Negro  are  the 
darkest  with  the  most  distinct  crown  stripes 
and  relatively  more  yellow  in  the  supercilium. 
The  birds  with  positive  values  on  PCoA  II 
tend  to  have  small  ventral  spots  with  pale  ven¬ 
tral  coloration,  an  indistinct  median  crown 
stripe,  and  spotted  throats.  There  is  a  progres¬ 
sive  decrease  in  the  values  of  PCoA  II  scores 
along  the  Pacific  coast  from  Morro  Bay  south 
to  Bahia  Magdalena.  Birds  from  Islas  San 
Benito  are  distinct  in  coloration  and  differ 
from  those  from  Guerrero  Negro  on  the  ad¬ 
jacent  mainland,  which  are  darker  overall  (es¬ 
pecially  ventrally)  and  have  large  ventral 
spots.  The  Islas  San  Benito  birds  also  have 
little,  if  any,  yellow  in  their  supercilium  as 
opposed  to  mainland  Pacific  coastal  birds;  this 
variation  is  not  reflected  on  PCoA  II. 

Relationship  Between  Plumage  and  Envi¬ 
ronmental  Variation. — The  analyses  of  the  re¬ 


lationship  between  plumage  variation  and  cli¬ 
mate  are  limited  to  samples  collected  from 
non-saltmarsh  sites  (in  these  correlations, 
Morro  Bay  is  not  included  with  the  non-salt¬ 
marsh  sites),  due  to  the  lack  of  climatic  data 
for  many  sites  in  Mexico.  There  is  little  var¬ 
iation  in  the  geographical  characters  (latitude, 
longitude,  elevation)  among  the  saltmarsh  lo¬ 
calities  (all  are  from  the  west  coast,  near  sea 
leve'l),  and  these  samples  are  not  analysed 
with  the  others. 

There  was  little  latitudinal  variation  in 
PCoA  I  scores  (Table  3).  However,  there  was 
significant  positive  correlation  (Spearman’s 
correlation)  with  longitudinal  variation.  West¬ 
ern  Savannah  Sparrows  tend  to  be  more  pallid 
than  eastern  ones  and  have  relatively  indis¬ 
tinct  or  narrow  median  crown  stripes.  Sable 
Island,  at  60°  longitude,  has  the  largest  PCoA 
I  score  of  all  of  the  non-saltmarsh  birds  and 
is  the  exception;  others  with  relatively  large 
values  include  those  from  Utah,  Nevada,  east¬ 
ern  Washington,  and  eastern  California  (i.e., 
in  the  Great  Basin).  There  is  also  a  positive 
correlation  between  elevation  and  PCoA  I 
scores,  probably  because  most  of  the  western 
localities,  which  have  relatively  high  scores, 
are  at  high  elevations.  However,  Sable  Island, 
which  is  near  sea  level,  is  again  the  exception. 
None  of  the  correlations  between  average  an¬ 
nual  rainfall  and  PCoA  scores  is  significant, 
but  there  is  a  significant  negative  correlation 
between  average  June  rainfall  and  PCoA  I 
(Fig.  3A);  Savannah  Sparrows  are  relative  pal¬ 
lid  where  there  is  little  summer  rainfall  (i.e., 
in  the  Great  Basin).  PCoA  I  scores  are  posi¬ 
tively  correlated  with  all  of  the  measures  of 
summer  temperature  (Table  3,  Fig.  3A,  B,  C), 
as  they  are  pale  where  it  is  hot  (and  dry;  Table 
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TABLE  3.  Pearson’s  and  Spearman’s  correlations  (exact  probability)  between  latitude,  longitude,  elevation, 
and  climatic  variables  and  sample  averages  of  the  first  two  PCoA  axes  (I,  II)  of  Savannah  Sparrows  from  non- 
saltmarsh  localities. 


Variable 

n 

Pearson’s 

Spearman’s 

I 

II 

I 

II 

Latitude 

46 

-0.10  (0.49) 

0.40  (0.01) 

-0.18  (0.23) 

0.41  (0.01) 

Longitude 

46 

0.20  (0.19) 

0.39  (0.01) 

0.34  (0.02) 

0.38  (0.01) 

Elevation 

46 

0.33  (0.03) 

-0.38  (0.01) 

0.40  (0.01) 

-0.24  (0.11) 

Average  annual  rainfall 

42 

-0.08  (0.62) 

-0.07  (0.67) 

-0.17  (0.29) 

-0.14  (0.38) 

Average  June  rainfall 

42 

-0.25  (0.11) 

-0.26  (0.09) 

-0.31  (0.04) 

-0.35  (0.02) 

Average  minimum  summer  temperature3 

42 

0.41  (0.01) 

-0.27  (0.09) 

0.43  (0.005) 

-0.33  (0.04) 

Average  maximum  summer  temperature 

42 

0.45  (0.01) 

-0.31  (0.04) 

0.50  (0.001) 

-0.44  (0.01) 

Extreme  minimum  summer  temperature 

42 

0.41  (0.01) 

0.08  (0.63) 

0.39  (0.01) 

0.07  (0.68) 

Extreme  maximum  summer  temperature 

42 

0.28  (0.07) 

-0.46  (0.01) 

0.38  (0.01) 

-0.40  (0.01) 

June,  July,  and  August. 


3)  although  these  correlations  (especially  with 
rainfall)  are  not  particularly  high.  Coloration 
of  birds  from  Sable  Island  is  the  exception  to 
these  trends;  they  are  pallid,  but  summer 
weather  conditions  there  are  cool  and  mesic. 

Savannah  Sparrows  with  relatively  large 
PCoA  II  scores  have  a  heavily  spotted  throat 
and  a  relatively  indistinct  median  or  narrow 
crown  stripe  (Table  1).  PCoA  II  scores  were 
positively  correlated  with  latitude  and  longi¬ 
tude,  and  sparrows  with  these  features  tend  to 
be  found  in  the  north  and  in  the  west  (Table 
3).  There  is  a  negative  correlation  between 
PCoA  II  scores  and  average  June  rainfall  (Fig. 
3 A),  and  three  measures  of  June  temperature 
(Fig.  3B,  3C,  and  3D).  Savannah  Sparrows 
tend  to  exhibit  sparse  throat  spotting  and  a 
distinct  crown  stripe  where  it  is  hot  and  dry 
in  the  summer. 

DISCUSSION 

Non-saltmarsh  Savannah  Sparrows. — The 
sample  of  Savannah  Sparrows  from  Sable  Is¬ 
land,  Nova  Scotia,  is  clearly  separable  from 
the  others  on  the  basis  of  plumage  characters 
used  in  these  analyses.  However,  considerable 
clinal  variation  exists  among  the  other  sam¬ 
ples  of  non-saltmarsh  Savannah  Sparrows, 
and  there  is  overlap  among  localities.  This  is 
especially  true  among  geographically  contig¬ 
uous  samples.  This  is  not  surprising  because, 
with  the  exception  of  birds  nesting  along  the 
California  coast,  all  of  the  populations  are  mi¬ 
gratory  and  site  fidelity  is  not  particularly  high 
(except  in  island  populations)  (Bedard  and 
LaPointe  1984,  Wheelwright  and  Rising 


1993).  Moreover,  in  many  parts  of  their  range 
they  nest  in  habitats  that  are  transitional  and 
ephemeral  (recent  burns,  pastures,  etc.),  ne¬ 
cessitating  dispersal. 

Savannah  Sparrows  are  relatively  pale  and 
have  little  yellow  in  their  supercilium  where 
summers  are  hot  and  relatively  dry,  especially 
in  the  Great  Basin,  specifically  in  Utah.  Ne¬ 
vada,  eastern  California,  and  eastern  Washing¬ 
ton.  They  are  also  relatively  pale  at  high  ele¬ 
vations,  but  this  is  likely  an  artifact  of  western 
samples  being  taken  at  relatively  high  eleva¬ 
tions  in  relatively  hot  and  dry  places.  Vege¬ 
tation  in  those  areas  tends  to  be  sparse  and 
soils  tend  to  be  pale.  Savannah  Sparrows  are 
ground-feeding  birds  and  are  likely  selected  to 
match  their  background,  which  is  relatively 
pale  in  arid  areas  and  dark  in  mesic  ones.  The 
pallid  birds  from  Sable  Island  would  appear 
to  be  an  exception  as  that  location  is  neither 
xeric  nor  hot.  However,  Sable  Island  is  com¬ 
posed  of  white  sand  and  supports  sparse  veg¬ 
etation,  and  Savannah  Sparrows  that  breed 
there  winter  only  in  coastal  dunes  along  the 
northern  Atlantic  coast  where  the  background 
color  is  pale.  Thus,  although  climatic  corre¬ 
lates  are  different,  in  both  cases  it  would  seem 
that  evolution  of  pallor  reflects  selection  for 
crypsis.  Hence,  these  birds  follow  the  trend 
described  by  Gloger’s  Rule  (Zink  and  Remsen 
1986). 

Savannah  Sparrows  also  tend  to  have  dis¬ 
tinct  median  crown,  stripes  and  spotted  throats 
in  the  east  and  at  high  latitude,  and  indistinct 
crown  stripes  and  reduced  spotting  on  the 
throat  in  the  west  and  at  low  latitude,  where 
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FIG.  3.  Plots  of  the  principal  coordinate  I  scores  ■ 
maximum  June  temperature  (°C),  (C)  average  minimum 
ature. 


Extreme  minimum  temperature 

's.  measures  of:  (A)  June  rainfall  (mm);  (B)  average 
June  'temperature,  (D)  extreme  minimum  June  temper- 


it  is  relatively  hot  and  dry  in  summer.  This 
may  reflect  crypsis,  but  an  explanation  based 
on  habitat  is  not  obvious. 

Saltmarsh  Savannah  Sparrows. — Popula¬ 
tions  of  saltmarsh  Savannah  Sparrows  are 
much  more  clearly  separated  from  each  other 
than  those  in  non-saltmarsh  habitats.  This  is 
not  surprising  as  they  are  generally  sedentary, 
and  live  in  habitat  that  is  discontinuous  and 
relatively  permanent.  Post-breeding  large¬ 
billed  Savannah  Sparrows  wander  south  to 
Sinaloa  and  Cabo  San  Lucas,  Baja  California 
Sur  and  to  the  islands  in  the  Gulf  of  Califor¬ 
nia,  and  P.  s.  rostratus,  from  the  Gulf  of  Cal¬ 
ifornia,  winter  north  to  the  coast  of  southern 
California  and  the  Salton  Sea  (van  Rossem 
1947,  Rising  and  Beadle  1996). 

The  pale  sparrows  (P.  s.  rostratus )  along 
the  xeric  coast  of  northern  and  central  Sonora 
occur  in  sparse  halophytes  ( Frankenia ,  Allen- 
rolfia,  Atriplex,  Salicornia,  Suaeda,  Cressa, 
Distichlis,  Monanthochloe,  and  Batis ),  where¬ 
as  other  populations  of  saltmarsh  sparrows, 
with  the  exception  of  those  on  Islas  San  Ben¬ 
ito,  occur  in  dense  marsh  vegetation  (in  Bahia 
Magdalena  they  also  occur  in  mangroves 


[Rhizophora  mangle]).  The  pallid  coloration 
of  birds  from  coastal  Sonora  doubtless  reflects 
the  openness  of  the  vegetation;  Savannah 
Sparrows  there  are  frequently  seen  on  the 
ground  between  patches  of  vegetation  and,  on 
occasion,  away  from  saltmarshes.  The  birds 
from  Islas  San  Benito  are  more  pallid  than 
those  from  the  adjacent  mainland  (140  km 
east  at  Guerrero  Negro).  These  islands  are 
rocky  with  sparse  vegetation  and  no  salt- 
marshes.  These  sparrows  are  commonly  seen 
in  coast  desert  thorn  (“frutilla”,  probably  Ly- 
cium  californicum),  and  occasionally  along 
the  beach  feeding  in  the  wrack.  They  differ 
structurally  (large  billed)  and  in  plumage  from 
mainland  birds.  They  seemed  to  feed  exclu¬ 
sively  on  Lycium  (the  plants  did  not  have  their 
red  fruit,  and  the  material  in  the  gut  was 
greenish  with  small  black  seeds)  during  the 
third  week  of  April  1999  (JDR,  pers.  obs.), 
whereas  birds  at  Guerrero  Negro  were  eating 
animal  matter  (JDR,  pers.  obs.).  Thus,  ecology 
and  behavior  of  Savannah  Sparrows  from  the 
island  is  strikingly  different  from  that  of  main¬ 
land  Savannah  Sparrows,  and  they  do  not  ap¬ 
pear  to  breed  at  the  same  time,  at  least  during 
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some  years.  JDR  found  birds  nesting  in  late 
April  with  active  nests  in  May  at  Guerrero 
Negro.  Nesting  is  much  earlier  on  Islas  San 
Benito  (Jan— Feb;  van  Rossem  1947)  in  some 
years,  but  in  1999  nesting  did  not  seem  to 
have  started  by  the  third  week  of  April  and 
no  fledged  young  were  seen  (JDR.  pers.  obs.). 

Traditionally,  Savannah  Sparrows  from 
Morro  Bay  have  been  placed  in  the  subspecies 
P.  s.  alaudinus ,  which  breeds  from  Humboldt 
Bay  south  to  Morro  Bay  along  the  California 
coast  (AOU  1957).  Birds  from  Humboldt  Bay 
in  this  study  were  not  from  saltmarshes,  al¬ 
though  Savannah  Sparrows  breed  in  salt- 
marshes  along  the  coast  of  northern  Califor¬ 
nia.  Morphologically,  birds  from  Morro  Bay 
are  intermediate  between  birds  from  Hum¬ 
boldt  Bay  and  San  Diego,  but  closer  to  San 
Diego  (Rising  2001).  We  included  Morro  Bay 
birds,  for  these  reasons,  both  with  the  salt- 
marsh  and  non-saltmarsh  birds  in  this  study. 
We  found  them  to  be  more  like  the  saltmarsh 
birds  from  southern  California  than  typical 
Savannah  Sparrows. 
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STABILITY  IN  DISTRIBUTIONS  OF  BLACK-CAPPED,  CAROLINA, 
AND  ABERRANT  CHICKADEE  SONG  TYPES  IN  ILLINOIS 

PATRICK  C.  ENSTROM1 2  AND  ERIC  K.  BOLLINGER1  2 


ABSTRACT. — Chickadee  songs  were  recorded  in  1997—2000  at  185  sites  in  15  Illinois  counties  to  map  the 
distributions  of  song  types  of  Black-capped  {Poecile  atricapillus )  and  Carolina  chickadees  (P.  carolinensis ). 
These  species  are  parapatrically  distributed  from  New  Jersey  to  Kansas.  Hybrid  zones  form  in  areas  of  sympatry 
and  chickadees  in  these  areas  frequently  exhibit  unusual  (i.e.,  aberrant)  singing  behaviors.  The  presence  of 
aberrant  vocalizations  and/or  the  co-occurrence  of  the  two  species’  song  types  at  a  site  or  by  a  single  individual 
were  considered  evidence  of  a  hybrid  zone.  Four  hybrid  zones  were  detected  in  Illinois  along  the  range  interface 
of  these  species.  A  comparison  of  the  distributions  of  Black-capped,  Carolina,  and  aberrant  song  types  from  this 
and  a  previous  study  conducted  in  Illinois  in  1954—59  revealed  little  change  has  occurred  in  the  distributions 
of  these  two  species’  song  types.  This  overall  stability  of  song  type  distributions  indicates  the  northward  move¬ 
ment  of  hybrid  zones  seen  at  other  locations  has  probably  not  occurred  in  Illinois.  Received  15  January  2008. 
Accepted  21  September  2008. 


Hybrid  zones  develop  where  related,  large¬ 
ly  parapatric  taxa  overlap  and  interbreed,  re¬ 
sulting  in  a  population  that  is  at  least  partially 
comprised  of  hybrids  (Futuyma  1986).  Mor¬ 
phological,  genetic,  and  behavioral  traits  may 
be  affected  by  interactions  occurring  in  hybrid 
zones  (Robbins  et  al.  1986,  Hewitt  1989,  Cur¬ 
ry  2005,  Curry  et  al.  2007).  The  shape  and 
stability  of  hybrid  zones  is  influenced  by  the 
spatial  relationships  of  habitat  types,  and  by 
the  specific  adaptations,  behavioral  interac¬ 
tions,  and  genetic  compatibility  of  the  taxa 
(Hewitt  1989,  Rohwer  and  Wood  1998).  Hy¬ 
bridization  of  songs  of  oscine  songbirds,  in 
addition  to  genetic  hybridization,  may  occur 
between  populations  of  conspecifics  or  hetero¬ 
specifics  (Chilton  and  Lein  1996,  Martens 
1996,  Sattler  et  al.  2007). 

Black-capped  (BCCH)  ( Poecile  atricapil¬ 
lus)  and  Carolina  (CACH)  (P.  carolinensis) 
chickadees  are  closely  related  species  which 
are  extremely  similar  in  morphology,  behav¬ 
ior,  and  ecology  (Brewer  1963,  Rising  1968, 
Merritt  1978).  They  are  parapatrically  distrib¬ 
uted  from  New  Jersey  to  Kansas.  BCCH  in¬ 
habit  most  of  northern  North  America  and 
higher  elevations  in  the  Appalachians.  CACH 
are  limited  to  the  southeastern  United  States 
and  lower  elevations  in  the  Appalachians. 
Narrow  hybrid  zones  occur  sporadically  along 
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this  boundary;  Illinois  is  one  of  nine  states 
where  both  BCCH  and  CACH  regularly  occur 
(Brewer  1963,  Rising  1968,  Merritt  1978, 
Robbins  et  al.  1986,  Grubb  et  al.  1994,  Sattler 
1996,  Bronson  et  al.  2005).  Molecular  evi¬ 
dence  from  these  areas  indicates  these  species 
hybridize  frequently  in  areas  of  sympatry 
(Robbins  et  al.  1986,  Sawaya  1990,  Sattler 
1996,  Sattler  and  Braun  2000,  Reudink  et  al. 
2007),  despite  not  being  sister  species  (Gill  et 
al.  1993,  2005).  Recent  studies  in  Pennsylva¬ 
nia  and  Ohio  have  documented  significant 
northward  shifts  in  hybrid  zones,  at  least  in 
these  areas  (Bronson  et  al.  2005,  Reudink  et 
al.  2007).  It  is  unclear  whether  this  pattern 
extends  across  the  entire  length  of  the  range 
interface. 

The  songs  of  CACH  and  BCCH  are  similar. 
The  BCCH  song  consists  of  two  whistled 
notes  with  frequencies  below  5  kHz  (Fig.  IB). 
Little  variation  in  BCCH  song  exists  over 
their  entire  range  (Kroodsma  et  al.  1995, 
1999).  CACH  songs  usually  contain  four 
whistled  notes  (Fig.  1A),  but  at  times  include 
more  (Ward  1966).  Field  studies  by  Rossano 
(2003)  and  Sattler  et  al.  (2007)  found  that 
song  type  in  chickadees  does  not  always 
match  their  genetic  identity  (Kroodsma  et  al. 
[1995]  reported  both  species  can  learn  each 
other’s  song  in  an  aviary  setting),  but  vocal 
admixture  (including  bilingually  singing  birds 
and  songs  with  intermediate  or  atypical  char¬ 
acteristics)  seems  restricted  to  locations  at  or 
near  the  range  interface.  Genetic  introgres- 
sion,  however,  has  been  found  to  extend  much 
farther  (Sattler  et  al.  2007). 
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FIG.  1 .  (A)  Spectrogram  of  the  most  typical  Carolina 

Chickadee  song  showing  frequency  (kHz)  versus  time 
(sec).  Recorded  in  Clinton  County,  Illinois  (Jun  1999). 
(B)  Spectrogram  of  a  typical  Black-capped  Chickadee 
song  showing  frequency  (kHz)  versus  time  (sec).  Re¬ 
corded  in  Sangamon  County.  Illinois  (Apr  2000). 

Brewer  (1963)  mapped  the  distributions  of 
these  species  in  Illinois  from  1954  to  1959 
and  the  areas  of  contact  between  them.  He  re¬ 
corded  their  distributions  by  mapping  the  oc¬ 
currences  of  whistled  songs  typical  to  each 
species,  bilingual  individuals,  and  “hybrid” 
song  types.  He  described  two  hybrid  zones  in 
Illinois,  one  in  Bond  County  and  one  in  Fay¬ 
ette  County.  We  remapped  the  distributions  in 
1997—2000  of,  and  hybrid  zones  between, 
BCCH  and  CACH  song  types  in  Illinois.  Our 
primary  objective  was  to  compare  their  distri¬ 
butions  documented  in  this  study  with  areas 
of  sympatry,  and  the  distributions  of  parental 
song-types  described  and  mapped  by  Brewer 
(1963).  We  predicted,  based  on  previous  stud¬ 
ies,  the  Illinois  contact  zone  had  shifted  north¬ 
ward  significantly. 

METHODS 

Field  Protocols. — We  recorded  chickadee 
vocalizations  at  185  sites  in  15  Illinois  coun¬ 
ties.  Most  songs  were  collected  from  17  April 
to  16  July  1999.  Additional  songs  were  col¬ 
lected  in  March  1997,  1  June-20  July  1998, 
and  in  March  2000.  We  sampled  each  site 
once.  Most  sites  were  near  or  within  the  Illi¬ 
nois  range  interface  as  mapped  by  Brewer 


(1963).  These  sites  were  mostly  riparian  areas 
within  an  agricultural  landscape  and  were 
chosen  based  on  their  proximity  to  Brewer’s 
range  interface,  proximity  to  the  boundaries  of 
BCCH  and  CACH  distributions  based  on 
Breeding  Bird  Survey  maps  (Sauer  et  al. 
1999),  and  accessibility. 

Collection  of  song  at  a  site  was  initiated  by 
the  broadcast  of  a  bait  tape  containing  alter¬ 
nating  bouts  of  typical  CACH  and  BCCH 
songs  from  a  hand-held  cassette  recorder 
(Saltier  et  al.  2007).  We  played  the  bait  tape 
as  we  walked  through  a  site  until  chickadee 
vocalizations  were  detected;  the  tape  was  then 
played  continuously  until  we  had  moved  to 
within  —10  m  of  the  chickadee(s).  If  we  did 
not  contact  a  chickadee  after  30  min,  we  left 
the  site  and  revisited  it  later,  time  permitting. 

Once  we  were  within  —10  m  of  a  chicka¬ 
dee,  we  stopped  playing  the  bait  tape  and  re¬ 
corded  five  songs.  We  then  played  one  more 
bout  of  each  species’  song  and  recorded  five 
more  songs.  We  continued  to  alternate  be¬ 
tween  playing  the  bait  tape  and  recording 
blocks  of  five  songs  until  the  0.5-hr  sampling 
period  had  expired.  All  songs  were  recorded 
with  a  Marantz-PMD  222  recorder  and  a 
Sennheiser  parabolic  microphone.  If  chicka¬ 
dees  were  not  singing,  we  recorded  several 
examples  of  the  calls  and  then  played  the  bait 
tape  continuously  until  the  chickadee:  (1)  be¬ 
gan  singing,  (2)  left  the  area,  or  (3)  the  sam¬ 
pling  period  expired.  If  a  chickadee  initially 
sang  only  a  few  songs  and  then  stopped,  we 
began  playing  the  bait  tape*  again  if  the  chick¬ 
adee  was  silent  for  more  than  1  min.  We  re¬ 
sumed  alternating  between  recording  and 
playing  the  bait  tape  if  the  chickadee  began 
singing  again. 

We  recorded  BCCH  songs  in  March  2000 
from  areas  >50  km  northwest  of  areas  where 
we  had  recorded  chickadees  singing  aberrant 
or  CACH  songs;  these  songs  constituted  the 
BCCH  parental  sample  for  analysis  purposes. 
We  recorded  CACH  songs  in  areas  >50  km 
south  and  southeast  of  areas  where  we  had 
found  chickadees  singing  only  the  BCCH 
song  type;  these  songs  constituted  the  CACH 
parental  sample. 

Song  Analysis. — Songs  were  digitized  on  an 
Apple  G3  power  Macintosh  using  the  Canary 
program.  Version  1.2.4  (Chariff  et  al.  1995). 
Both  chickadee  species  at  times  use  low  am- 
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TABLE  1.  Distinctive  spectrographic  criteria  (DSC)  used  to  classify  song  bouts  as  Black-capped  Chickadee 
(BCCH),  Carolina  Chickadee  (CACH),  or  aberrant. 

Characteristic 

BCCH 

CACH 

Maximum  song  frequency  (kHz) 

Pitch  interval8  (note  1/note  2) 

Total  note  number/song 

Non-whistled  elements 

Phrases  with  a  note  in  both  the  4-5  kHz  range  and  >6  kHz 
Phrase  duration  (ms) 

<5 

1.10-1.30 

2  (rarely  3) 
No 

No 

>800 

6-11 

1.23-2.02 

3-20  (usually  4) 

Frequently 

Usually 

Variable  ( x  =  600  ms) 

a  The  pitch  interval  is  the  ratio  of  the  offset  of  the  first  note  divided  by  the  onset  frequency  of  the  second 

in  kilohertz  (kHz). 

plitude,  song-like  vocalizations  that  have 
functions  other  than  loud  territorial  song  (e.g., 
quiet  fee-bees)  (Brewer  1963,  Smith  1972, 
Ficken  et  al.  1978).  Songs  of  juvenile  chick¬ 
adees  are  significantly  lower  in  amplitude  and 
more  variable  compared  to  those  of  adults, 
making  them  easily  distinguishable  (Smith 
1972,  Ficken  et  al.  1978,  Kroodsma  et  al. 

1995) .  Only  the  songs  of  chickadees  that  sang 
loudly  and  persistently  were  analyzed  to  en¬ 
sure  that  all  songs  analyzed  were  those  of 
adult  chickadees. 

If  a  male  had  song  types  that  were  similar 
in  all  ways  except  for  addition  or  deletion  of 
a  note  or  phrase,  these  songs  were  classified 
as  the  same  song  type  for  analysis  (Sattler 

1996) .  We  considered  a  phrase  to  be  a  group 
of  notes  that  occurred  together  consistently 
within  or  among  song  types.  The  song  types 
present  at  a  site  were  classified  as  BCCH, 
CACH,  or  aberrant  based  on  a  set  of  distinc¬ 
tive  spectrographic  criteria  (DSC)  (Table  1). 
The  DSC  used  frequency,  pitch  interval,  pres¬ 
ence/absence  of  non-whistled  elements,  dura¬ 
tion,  and  note  number  to  classify  the  songs. 
The  DSC  were  developed  using  published 
characteristics  of  CACH  and  BCCH  songs 
(Ward  1966,  Ficken  et  al.  1978,  Kroodsma  et 
al.  1999),  as  well  as  those  of  the  parental  sam¬ 
ples  of  CACH  and  BCCH  songs  we  collected. 
Aberrant  songs  were  those  classified  as  nei¬ 
ther  CACH  nor  BCCH  by  the  DSC.  Aberrant 
song  types  combined  distinctive  characteris¬ 
tics  of  both  parental  song  types  or  possessed 
characteristics  typical  of  neither. 

We  established  locations  of  hybrid  zones 
based  on  one  or  more  of  the  following:  (1) 
presence  of  individuals  singing  CACH  typical 
songs  and  individuals  singing  BCCH  typical 
songs  at  the  same  site,  (2)  bilingual  individ¬ 
uals,  or  (3)  aberrant  song  types.  A  line  was 


drawn  equidistant  between  the  sites  at  which 
only  BCCH  and  CACH  song  types  predomi¬ 
nated;  this  line  approximated  the  division  be¬ 
tween  BCCH-dominated  and  CACH-dominat- 
ed  regions  in  Illinois. 

RESULTS 

Chickadee  Distributions  in  Illinois. — Both 
BCCH  and  CACH  song  types,  and  therefore 
likely  both  species,  co-occurred  in  15  counties 
in  Illinois  during  the  breeding  season.  The  line 
separating  BCCH-  from  CACH-dominated  ar¬ 
eas  extended  from  an  area  near  St.  Louis  on 
the  Mississippi  River  to  central  Iroquois 
County  on  the  Indiana  border  (Fig.  2). 

Hybrid  Zones  and  Aberrant  Songs. — We 
detected  hybrid  zones  (based  on  song)  in 
Bond,  Fayette,  Shelby,  Douglas,  Champaign, 
and  Montgomery  counties  (Fig.  3).  Six  bilin¬ 
gual  chickadees  were  detected  in  the  largest 
hybrid  zone  in  Bond,  Fayette,  and  Montgom¬ 
ery  counties.  The  other  three  hybrid  zones  in 
Shelby,  Douglas,  and  Champaign  counties 
were  significantly  smaller.  Aberrant  song 
types  occurred  in  each  of  these  four  areas.  We 
recorded  31  song  types  in  the  hybrid  zones 
that  were  identified  as  aberrant  based  on  the 
DSC.  Most  all  of  these  aberrant  songs  were 
within  the  hybrid  zones.  The  aberrant  song 
bouts  recorded  at  sites  outside  of  these  zones 
were  all  similar  to  song  A  (Fig.  4),  which  was 
also  common  within  the  hybrid  zones.  This 
song  type  begins  with  a  two-note  whistled 
phrase  that  has  frequency  characteristics  of  a 
typical  BCCH  song.  This  phrase  is  shorter  in 
duration  than  a  BCCH  song  and  similar  to  that 
of  a  typical  CACH  two-note  phrase  (Fig.  1A). 
Songs  similar  to  song  A  (Fig.  4)  have  been 
recorded  in  other  studies  both  within  and  on 
the  Carolina  side  of  other  chickadee  hybrid 
zones.  There  were  nine  song  types  that  were 
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FIG.  2.  Sites  where  we  found  only  Black-capped  Chickadee  (BCCH)  song  (circles)  and  Carolina  Chickadee 
(CACH)  song  (squares).  Our  line  of  contact  is  represented  by  the  solid  line  and  a  line  of  contact  based  on 
Brewer’s  (1963)  study  is  represented  by  the  dashed  line.  Some  symbols  represent  multiple  sites  near  each  other. 
County  names  are  in  Fig.  3. 
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FIG.  3.  Location  of  four  areas  (shaded)  where  ev¬ 
idence  of  song  admixture  occurred. 


classified  as  aberrant  by  the  DSC  (Fig.  4). 
Most  of  the  nine  songs  began  with  a  two-note 
whistled  phrase  that  was  nearly  identical  to 
the  first  phrase  of  song  A  (Fig.  4).  Most  of 
the  introductory  phrases  of  the  nine  song 
types  had  a  frequency  shift  between  the  offset 
of  note  one  and  the  onset  of  note  two  typical 
of  a  BCCH  song  and  of  song  A.  However, 
some  of  these  songs  had  no  frequency  shift 
between  notes  one  and  two  (Fig.  4  F),  or  even 
a  shift  in  the  opposite  direction  with  the  onset 
of  note  two  being  higher  than  the  offset  fre¬ 
quency  of  note  one. 

DISCUSSION 

We  found  only  a  few  minor  changes  in  the 
distributions  of  the  song  types  of  these  spe¬ 
cies,  and  likely  the  species  themselves,  in  Il¬ 
linois  between  1960  and  2000.  A  line  sepa¬ 
rating  BCCH-  and  CACH-dominated  areas, 
based  on  maps  and  descriptions  by  Brewer 
(1963),  is  similar  to  that  developed  in  this 
study  (Fig.  2).  The  apparent  difference  in 
these  two  contact  lines  in  southwestern  Illi¬ 
nois  may  be  due  to  the  small  number  of  sites 
sampled  for  each  study  in  that  region.  Brewer 
(1963)  reported  that  CACH  were  present  in 
winter  and  rarely  during  the  breeding  season 
in  Champaign  County,  and  that  BCCH  did  not 
occur  in  Champaign  County.  However,  we  re¬ 
corded  chickadees  singing  CACH,  BCCH, 
and  aberrant  song  types  in  Champaign-Urbana 
during  the  breeding  season  suggesting  that 
both  species  have  moved  into  the  area.  Brewer 
(1963)  reported  these  species  were  allopatric 
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FIG.  4.  Spectrograms  of  six  of  the  nine  aberrant 
song  types  present  in  the  Illinois  hybrid  zones.  Re¬ 
corded  in:  (A)  Bond  County  (Jun  1999),  (B)  Bond 
County  (Jun  1999),  (C)  Fayette  County  (Jun  1998),  (D) 
Fayette  County  (Jun  1999),  (E)  Fayette  County  (Mar 
2000),  and  (F)  Bond  County  (Jun  1999). 


east  of  Vandalia  in  central  Fayette  County 
(Fig.  2)  and  separated  by  24  km  in  some  areas 
during  the  breeding  season.  There  are  now  at 
least  three  areas  east  of  Vandalia  where  there 
is  evidence  of  song  admixture  between  these 
species  (Fig.  3). 

Forty  years  is  a  brief  time  interval  and  per¬ 
haps  this  result  is  not  surprising;  however, 
there  were  compelling  reasons  to  have  ex¬ 
pected  movement.  The  ranges  of  these  species 
have  shifted  significantly  in  Ohio  and  Penn¬ 
sylvania  with  CACH  moving  northward  in 
Ohio  and  Pennsylvania  and  upward  in  the  Ap¬ 
palachians  of  Pennsylvania  (Bronson  et  al. 
2005,  Curry  2005).  Anthropogenic  global 
warming  between  1960  and  2000  has  been 
linked  to  the  northward  and  altitudinal  shifts 
of  a  variety  of  taxa,  including  these  chickadee 
species  and  other  North  American  songbirds 
(Hitch  and  Leberg  2007). 

The  stability  of  the  hybrid  zones  and  range 
interface  in  Illinois  could  be  explained  by  ei¬ 
ther  of  the  following  hypotheses:  (1)  move¬ 
ment  has  occurred,  but  song  types  have  not 
tracked  that  movement;  or,  (2)  factors  causing 
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movement  in  other  areas  are  not  operating  as 
strongly  in  Illinois,  or  are  being  mitigated  by 
other  factors.  Hybrid  zones  between  these  spe¬ 
cies  based  on  song  types  vary  in  how  closely 
they  are  linked  to  their  genetic  hybrid  zones 
(Sattler  1996;  Reudink  et  al.  2005,  2007).  One 
population  at  Nolde  Forest  in  Pennsylvania 
was  composed  of  hybrids  and  only  BCCH 
song  types  were  present  (Reudink  et  al.  2007). 
However,  evidence  of  song  admixture  and  ab¬ 
errant  songs  has  not  been  found  at  great  dis¬ 
tances  from  genetic  hybrid  zones.  Thus,  this 
interaction  or  vocal  admixture  is  indicative  of 
active  or  recently  active  hybrid  zones  between 
these  species  (Sattler  1996,  Reudink  et  al. 
2007).  The  Great  Marsh  population  in  south¬ 
eastern  Pennsylvania  was  in  the  middle  of  the 
presumptive  hybrid  zone  between  these  spe¬ 
cies  in  the  1950s;  today  only  songs  of  the  ex¬ 
panding  CACH  are  heard  there  (Reudink  et 
al.  2007).  Aberrant  songs  occur  in  areas  of 
ongoing  or  recent  genetic  hybridization  and 
are  useful  in  locating  these  areas,  especially 
where  we  are  comparing  our  results  to  an  ear¬ 
lier  survey  of  singing  behaviors  (Brewer 
1963). 

Behavioral  interactions  have  been  identified 
as  contributing  factors  in  the  northward  and 
altitudinal  range  expansion  of  CACH  in  Ohio 
and  Pennsylvania  (Bronson  et  al.  2003). 
CACH  are  typically  dominant  over  BCCH 
and  tend  to  be  preferred  as  mates  by  females 
of  both  species.  It  is  unclear  why  these  same 
behavioral  interactions  would  not  have  created 
similar  range  shifts  in  Illinois.  It  is  possible 
that  large  areas  of  unsuitable  habitat  near  the 
contact  zone  (not  bridged  by  sufficiently  large 
corridors  and  patches  of  suitable  habitat)  have 
prevented  northward  movement  (Grubb  et  al. 
1994). 

Portions  of  the  largest  hybrid  zone  in  Bond, 
Fayette,  and  Montgomery  counties  were  doc¬ 
umented  by  Brewer  (1963)  in  the  1950s. 
Brewer  (1963)  found  evidence  of  song  admix¬ 
ture  in  Bond  and  Fayette  counties  as  well  as 
individuals  of  intermediate  morphology. 
There  are  two  distinct  hybrid  song  groups 
within  the  largest  hybrid  zone  that  combine 
elements  of  both  species  in  a  variety  of  song 
types,  one  limited  to  Bond  County  and  the 
other  to  Fayette  County  (Enstrom  2000).  This 
large  hybrid  zone  does  have  a  direct  connec¬ 
tion  through  riparian  corridors  to  parental 


populations  of  CACH,  but  not  BCCH  popu¬ 
lations.  CACH  songs  swamped  hybrid  song 
types  over  a  similar  time  period  in  a  Pennsyl¬ 
vania  hybrid  zone  (Reudink  et  al.  2007).  Per¬ 
haps,  due  to  the  small  amount  of  suitable  hab¬ 
itat,  CACH  are  not  dispersing  in  sufficiently 
large  numbers  to  swamp  the  established  song 
types.  It  is  possible  that  when  CACH  which 
have  dispersed  from  outside  the  hybrid  zone 
interbreed  with  the  resident  hybrid  zone  pop¬ 
ulation,  their  offspring  may  be  adopting  the 
variety  of  aberrant  song  types  as  part  of  their 
song  repertoires. 

We  did  not  find  drastic  movement  in  the 
song  types  of  these  species,  but  there  were 
some  differences  in  the  distribution  of  BCCH 
and  CACH  song  types  as  estimated  by  this 
study  and  Brewer’s  (1963).  Brewer  (1963)  re¬ 
ported  these  species  were  not  sympatric  in  Il¬ 
linois  east  of  Vandalia.  However,  we  found 
evidence  of  contact  in  three  counties  east  of 
Vandalia  (Shelby,  Douglas,  and  Champaign 
counties).  The  contact  in  Champaign  County 
appears  to  be  due  to  recent  movement  of  both 
BCCH  and  CACH  into  Champaign  County 
from  the  north,  west,  or  both.  These  differ¬ 
ences  between  the  hybrid  zones  are  probably 
due  to  some  movement  of  chickadees  (e.g.. 
Champaign  County),  the  larger  number  of 
sites  we  sampled  in  this  study,  and  differences 
in  methodology. 

There  were  a  number  of  methodological 
differences  between  this  study  and  Brewer’s. 
We  attempted  to  follow  chickadees  for  a  half- 
hour,  recording  songs  and  using  playback  of 
both  chickadee  species  tp  elicit  responses. 
Brewer  (1963)  found  singing  chickadees  with¬ 
out  playback  and  noted  the  types  of  songs 
they  sang.  He  did  not  have  the  benefit  of  mea¬ 
suring  and  studying  spectrograms  of  chicka¬ 
dee  songs.  Analyzing  the  spectrograms  al¬ 
lowed  us  to  identify  some  songs  as  aberrant 
or  intermediate  that  were  not  obviously  so  to 
the  ear.  The  stimulus  of  the  playback  songs 
used  in  this  study  increased  the  likelihood  that 
a  contact  zone  chickadee’s  entire  repertoire 
was  recorded  during  the  sampling  period,  es¬ 
pecially  if  bilingual  chickadees  tried  to  match 
songs  (Sattler  et  al.  2007). 

There  does  not  seem  to  have  been  signifi¬ 
cant  movement  of  these  species  between 
Brewer’s  study  and  ours.  Given  the  northward 
movement  of  these  chickadees  in  other  por- 
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tions  of  their  ranges  (and  of  other  Northern 
Hemisphere  taxa  in  response  to  anthropogenic 
climate  change),  this  result  was  surprising.  We 
believe  the  most  likely  explanation  for  this 
pattern  is  minimal  availability  of,  and  connec¬ 
tivity  among,  suitable  chickadee  habitats 
across  most  of  their  Illinois  range  interface. 
However,  further  study  is  needed  to  confirm 
this  hypothesis.  Songs  recorded  in  the  largest 
contact  zone  in  March  2008  confirm  the  con¬ 
tinued  presence  of  many  of  the  aberrant  song 
types  recorded  as  part  of  this  study. 
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VOCALIZATION  ATTRIBUTES  OF  CERULEAN  WARBLER  SONG 

AND  PAIRING  STATUS 

SARAH  REGISTER  McKILLIP1 2  AND  KAMAL  ISLAM12 


ABSTRACT. — Cerulean  Warblers  ( Dendroica  cerulea )  were  recorded  throughout  the  2005-2006  breeding 
seasons  in  southern  Indiana;  18  song  variables  were  measured  and  compared  between  paired  and  unpaired  males. 
The  best  logistic  regression  model  for  predicting  pairing  status  included  song  rates  and  minimum  frequency 
measures  of  the  second  section  of  a  male  Cerulean  Warbler  song.  Unpaired  males  had  higher  song  rates  and 
higher  minimum  frequencies.  On  average,  unpaired  males  ( n  =  12)  sang  7.4  songs/min  while  paired  males  sang 
6.4  songs/min  (n  =  19).  Average  minimum  frequency  was  4.0  kHz  for  an  unpaired  male  and  3.5  kHz  for  a 
paired  male  counterpart.  Female  and  fledgling  call  notes  were  recorded  during  the  latter  part  of  both  breeding 
seasons,  and  quantitatively  analyzed.  Female  chip  notes  (n  =  4  females)  had  a  frequency  range  of  4.4-8.0  kHz. 
Two  behaviors  positively  identified  during  these  vocalizations  included  foraging  and  response  to  a  mate.  Average 
frequency  range  of  fledgling  begging  notes  (n  =  4  fledglings)  was  5. 9-7. 8  kHz.  Begging  was  the  only  behavior 
identified  with  these  particular  vocalizations.  These  analyses  offer  further  understanding  of  intraspecific  call 
functions  and  repertoire  in  this  species.  Received  18  July  2008.  Accepted  23  December  2008. 


Song  rate  has  been  interpreted  as  a  signal 
of  a  male’s  pairing  status  in  wood- warblers. 
Unpaired  males  had  higher  song  rates  than 
those  of  paired  male  Adelaide’s  Warblers 
(. Dendroica  adelaidae )  (Staicer  1996b),  Ov- 
enbirds  ( Seiurus  aurocapilla),  and  Kentucky 
Warblers  ( Oporornis  formosus)  (Gibbs  and 
Wenny  1993).  Additionally,  unpaired  male 
American  Redstarts  ( Setophaga  ruticilla)  had 
significantly  higher  and  less  variable  song 
rates  than  paired  male  counterparts  (Staicer  et 
al.  2006). 

Cerulean  Warblers  ( Dendroica  cerulea )  are 
a  monogamous  neotropical  migrant  species  of 
special  concern  (Hamel  2000).  Woodward 
(1997)  concluded  that,  like  some  other  wood- 
warblers,  Cerulean  Warblers  have  two  func¬ 
tional  song  categories:  an  early  season  mate 
attraction  song  (First  Category  or  Type  I)  and 
a  distinct  late  season  territory  defense  song 
(Second  Category  or  Type  II)  (Spector  1992). 
Woodward  (1997)  found  Type  I  songs  to  be 
higher  in  frequency  than  Type  II  songs  in  Il¬ 
linois  and  Ontario  populations,  and  concluded 
individual  males  have  a  limited  repertoire  size 
of  only  2-3  unique  songs  within  Type  I  and 
Type  II  song  categories  combined.  Woodward 
(1997)  suggested  that  females  did  not  use 
large  repertoire  size  to  discriminate  among 
mates.  Male  song  characters  such  as  song  rate 
and  song  frequency  have  not  been  systemati¬ 
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cally  investigated  as  signals  of  pairing  status 
for  Cerulean  Warblers. 

Rogers  (2006)  qualitatively  described  male 
and  female  Cerulean  Warbler  call  notes  and 
their  behavioral  context,  and  Oliamyk  and 
Robertson  (1996)  described  a  “contact  and 
alarm  call”  from  both  males  and  females. 
Rogers  (2006)  considered  Cerulean  Warblers 
to  have  at  least  four  different  types  of  call 
notes:  (1)  a  buzzy  “ zzee ”  note  produced  by 
both  males  and  females  when  foraging,  when 
near  a  nestling  or  mate,  upon  leaving  or  near¬ 
ing  an  active  nest,  or  in  alarm;  (2)  a  series  of 
“chips”  from  both  males  and  females  when 
their  territory  is  encroached,  or  when  an  in¬ 
truder  is  near  an  active  nest;  (3)  a  “ tchip ” 
used  in  alarm  when  bird  species  that  pose  a 
threat  are  near,  or  an  intruder  is  near  a  nest 
with  nestlings;  and  (4)  a  whisper  song  from 
males  in  the  presence  of  females.  Cerulean 
Warblers  were  categorized  by  Getty  (1993)  as 
having  “a  sharp,  loud,  musical  chip” .  Other 
Dendroica  species  identified  as  having  musi¬ 
cal  quality  to  their  chip  notes  similar  to  the 
Cerulean  Warbler  include  Yellow  Warbler  (77. 
petechia ),  Chestnut-sided  Warbler  ( D .  pensyl- 
vanica ),  Yellow-throated  Warbler  (77.  domin- 
ica ),  and  Pine  Warbler  (77.  pinus )  (Getty 
1993). 

The  only  spectrograms  of  begging  calls  for 
wood-warblers  were  created  by  Haskell 
(1999),  who  recorded  Black-throated  Blue 
Warbler  ( D .  caerulescens )  nestlings,  a  species 
in  a  clade  adjacent  to  Cerulean  Warbler  (Lov- 
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ette  and  Bermingham  1999).  Yellow  Warbler 
and  Prairie  Warbler  (D.  discolor)  young  are 
among  some  of  the  Dendroica  species  whose 
begging  notes  have  been  described  (Nolan 
1978,  Lowther  et  al.  1999),  but  with  no  spec- 
trographic  analysis. 

Our  objectives  were  to:  (1)  test  the  predic¬ 
tion  that  song  rates  and  song  frequencies  of 
paired  Cerulean  Warbler  males  would  differ 
from  unpaired  males,  and  (2)  provide  the  first 
spectrographic  images  and  quantitative  ac¬ 
counts  of  Cerulean  Warbler  non-song  vocali¬ 
zations,  including  male  and  female  notes, 
fledgling  begging  notes,  and  associated  behav¬ 
ioral  functions. 

METHODS 

Study  Area. — The  study  was  conducted 
from  May  to  July  2005  and  2006  in  the  Mor- 
gan-Monroe  (39°  13'  N,  86°  22'  W)  and  Yel- 
lowwood  (39°  08'  N,  86°  17'  W)  state  forests, 
and  the  Charles  C.  Deam  Wilderness  Area  in 
the  Hoosier  National  Forest  (Pleasant  Run 
Unit;  39°  01'  N,  86°  20'  W),  in  Brown  and 
Monroe  counties,  Indiana. 

Bird  Survey. — Male  Cerulean  Warblers  ar¬ 
rive  in  southern  Indiana  during  the  last  week 
of  April  and  the  first  week  of  May  (SRM, 
pers.  obs.).  Bird  surveys  were  conducted  from 
1  to  31  May  between  0530  and  1030  hrs  EST 
each  day.  A  7  X  7  grid  was  established  at  10 
study  sites,  each  1 .96  km2  in  size.  Three  of 
the  10  study  sites  were  slightly  reduced  in  size 
due  to  private  property  boundaries.  Each  grid 
contained  49  survey  points,  200  m  apart,  ar¬ 
ranged  in  seven  north-south  transects.  These 
survey  points  were  recorded  in  Universal 
Transverse  Mercators  (UTM)  using  a  Global 
Positioning  System  unit.  The  number  of  male 
Cerulean  Warblers  was  counted  for  each  sur¬ 
vey  point  based  on  aural  detections  during  a 
3-min  period  followed  by  taped  playback  of 
song  from  conspecific  males  to  elicit  a  vocal 
response  from  any  Cerulean  Warbler  males 
that  might  be  present  (Falls  1981).  These  re¬ 
cordings  were  played  for  1  min  every  few  sec¬ 
onds  in  all  four  cardinal  directions,  and  the 
survey  point  was  monitored  for  another  3  min 
if  no  response  was  heard.  Surveys  were  not 
conducted  on  days  when  rain  or  high  winds 
might  have  prevented  vocalizations  from  oc¬ 
curring  or  from  being  heard. 

Territory  Mapping. — Trees  were  tagged 


with  flagging  tape  once  male  Cerulean  War¬ 
blers  were  observed  perched  and  vocalizing. 
The  area  within  the  perimeter  of  those  perch 
trees  was  our  estimate  of  male  territory  size. 
Territories  were  visited  multiple  times 
throughout  the  breeding  season  to  record 
male,  female,  and  fledgling  vocalizations  and 
information  on  male  pairing  status.  Birds  were 
not  color-banded;  males  whose  territories 
were  well  spaced  from  neighboring  males 
were  preferentially  studied  to  ensure  that  in¬ 
dividual  identities  were  not  confused. 

Male  Song. — Male  Cerulean  Warblers  were 
recorded  and  observed  during  early  and  late 
season  periods.  Woodward  (1997)  defined  the 
early  season  (approximately  the  last  week  in 
Apr  to  the  third  week  of  May)  as  the  period 
when  males  have  recently  arrived  and  are  still 
attempting  to  establish  territories.  The  late 
season  (approximately  the  fourth  week  of 
May  to  the  last  week  of  Jun)  was  the  time 
when  females  occur  on  all  mapped  male  ter¬ 
ritories  and  nest  construction  has  commenced. 
Both  paired  and  unpaired  males  co-occurred 
in  our  study  and  were  recorded  throughout  the 
entire  breeding  season  (i.e.,  paired  males  were 
found  and  recorded  in  early  season  along  with 
unpaired  male  counterparts,  and  unpaired 
males  were  found  and  recorded  in  late  season 
along  with  paired  males).  This  minimized  the 
possibility  of  pairing  status  dependent  song 
characteristics  being  confounded  by  the  time 
of  year.  Recordings  were  obtained  for  all 
males  mapped  throughout  the  day  during  the 
entire  breeding  season,  in  territories  of  paired 
and  unpaired  males,  and  from  opportunistic 
recordings  of  males.  Every  effort  was  made 
to  visually  locate  females  within  territories  to 
ascertain  male  pairing  status.  A  Sony  TC-D5 
Pro"  II  cassette  recorder  with  an  Audio- 
Technica  815a  shotgun  microphone  was  used 
.to  acquire  recordings.  Recordings  were  trans¬ 
ferred  into  the  compute^  software  program 
RAVEN  Version  1.2.1  using  a  sampling  rate 
of  48  kHz  for  each  audio  file.  Window  size  of 
the  spectrogram  was  set  at  512  samples  to 
achieve  greater  detail  in 'frequency  measure¬ 
ments  for  notes.  The  discrete  Fourier  trans¬ 
form  (DFT)  size  was  automatically  calculated 
by  the  software  program  to  5 1 2  samples  for 
each  spectrogram  based  on  the  specified  win¬ 
dow  size  (Charif  et  al.  2004).  Spectrograms 
were  increased  to  8  kHz  on  the  time  axis,  and 


McKillip  and  Islam  •  CERULEAN  WARBLER  VOCALIZATIONS 


275 


frequency  was  in  half-second  increments  to 
achieve  more  detail  in  time  (Tim  Krein,  pers. 
comm.). 

All  song  types  (any  song  with  a  unique 
combination  of  syllables)  within  a  male’s  rep¬ 
ertoire  were  measured  when  possible,  and 
each  distinct  song  type  was  analyzed  sepa¬ 
rately.  A  minimum  of  five  songs  per  song  type 
that  contained  as  little  background  noise  as 
possible  was  measured  for  each  male  whose 
territory  was  successfully  mapped,  and  for 
which  pairing  status  was  known.  Measure¬ 
ments  of  a  single  song  type  for  each  individ¬ 
ual  male  were  within  the  same  continuous 
song  bout,  and  were  averaged  to  avoid  pseu¬ 
doreplication  of  the  data.  Each  male  repre¬ 
sented  one  unit  of  analysis,  except  when  one 
individual’s  song  could  be  positively  identi¬ 
fied  during  pre  and  post-pairing  stages  of  the 
breeding  season.  The  male  in  that  case  con¬ 
tributed  two  data  values:  one  as  an  unpaired 
male  early  in  the  season,  and  one  as  a  paired 
male  during  late  season.  Eighteen  song  vari¬ 
ables  were  measured:  minimum  and  maxi¬ 
mum  frequencies  (kHz)  for  the  first,  second, 
and  third  sections  of  song  and  the  entire  song; 
frequency  range  for  the  first,  second,  and  third 
sections  of  song  and  the  entire  song;  number 
of  syllable  types  within  the  first  and  second 
sections  of  song  and  within  the  entire  song; 
total  number  of  syllables  per  song;  and  total 
length  of  time  per  song  (Lemon  et  al.  1983, 
Islam  and  Crawford  1996).  We  also  calculated 
song  rate  (the  number  of  songs  counted/5-min 
period  in  a  continuous  bout  of  singing  [Wood¬ 
ward  1997]),  and  the  number  of  song  types  in 
an  individual  male’s  repertoire. 

Female  Chip  Notes  and  Fledgling  Begging 
Calls. — Opportunistic  recordings  and  behav¬ 
ioral  observations  of  females  and  fledgling 
Cerulean  Warblers  within  male  territories 
were  made  during  the  latter  part  of  the  breed¬ 
ing  season  (last  week  in  May  through  last 
week  of  Jun).  Each  female  was  located  in  es¬ 
tablished  male  territories,  and  female  chip 
notes  and  fledgling  begging  occurrences  were 
recorded.  Spectrograms  were  analyzed  using 
RAVEN,  in  the  same  manner  as  the  male  re¬ 
cordings. 

Statistical  Analyses. — Data  for  both  years 
and  for  Type  I  and  Type  II  songs  were  com¬ 
bined;  all  statistical  analyses  were  at  alpha  = 
0.05.  Logistic  regression  was  used  to  identify 


which  of  the  1 8  measured  song  variables  were 
the  best  predictors  of  pairing  status  between 
paired  and  unpaired  males. 

Descriptive  statistics  were  calculated  using 
Minitab®  statistical  software  Version  15  for 
female  and  fledgling  non-song  vocalizations 
(Minitab  Inc.  2007).  Note  variables  included 
high  and  low  frequencies,  frequency  range, 
and  intemote  intervals  for  each  record.  Mea¬ 
sured  notes  were  averaged  to  avoid  pseudo¬ 
replication  of  data,  which  are  reported  as  x  ± 
SD. 

RESULTS 

Male  Song. — Nineteen  of  31  Cerulean  War¬ 
bler  males  measured  during  the  2005  and 
2006  breeding  seasons  were  categorized  and 
analyzed  as  paired,  and  12  as  not  paired;  only 
one  male  was  used  in  both  the  paired  and  un¬ 
paired  data  sets.  Song  rate,  minimum  frequen¬ 
cy,  and  maximum  frequency  variables  were 
significant  predictors  of  pairing  status  with 
paired  males  having  lower  song  rates  and  low¬ 
er  frequencies  (Table  1).  A  model  which  pre¬ 
dicted  rate  (74%)  of  male  pairing  status  con¬ 
tained  song  rate,  minimum  frequency  of  the 
entire  song,  and  maximum  frequency  of  the 
entire  song.  Two  variables  (minimum  and 
maximum  frequency)  were  sufficiently  close 
to  statistical  significance  to  be  considered 
strong  candidates  as  signals  of  pairing  status 
(minimum  frequency:  (3  =  —0.005,  SE  = 
0.003,  P  =  0.053;  maximum  frequency:  [3  = 
-0.004,  SE  =  0.002,  P  =  0.069).  Separating 
variables  into  two  models  examining  (1)  song 
rate  and  minimum  frequency,  and  (2)  song 
rate  and  maximum  frequency  predicted  74  and 
68%  of  pairing  status,  respectively.  These 
models  indicated  both  minimum  and  maxi¬ 
mum  frequencies  were  significant  in  predict¬ 
ing  pairing  status  (minimum  frequency:  (3  = 
-0.006,  SE  =  0.002,  P  =  0.020;  maximum 
frequency:  (3  =  —0.004,  SE  =  0.002,  P  = 
0.032).  Minimum  frequency  measurements 
were  taken  for  each  of  the  three  distinct  sec¬ 
tions  contained  within  an  entire  Cerulean  War¬ 
bler  song  (Fig.  1A,  B)  to  examine  significance 
of  song  frequency  characteristics.  A  logistic 
regression  model  was  constructed  using  song 
rate  and  minimum  frequency  values  for  each 
of  the  three  song  sections.  Partitioning  fre¬ 
quency  variables  based  on  individual  sections 
of  the  entire  song  resulted  in  a  prediction  rate 


276 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  2,  June  2009 


TABLE  1.  Characteristics  (x  ±  SD)  of  Cerulean  Warbler  song  variables  in  southern  Indiana  forests  (data 
for  2005  and  2006  were  combined). 


Parameters 

Paired  ( n 

=  19) 

Range 

Unpaired  (n  =  12) 

Range 

Total  #  syllables/song 

7.94 

1.47 

6.0-12.0 

8.58 

1.08 

6.0-10.0 

Total  #  syllables/1  st  section  of  song 

3.19 

1.26 

1.0-6.0 

3.98 

1.25 

■2.0-6.0 

Total  #  syllables/2nd  section  of  song 

3.97 

0.89 

3. 0-6.0 

3.93 

1.25 

2.0-7.0 

Frequency  range,  entire  song  (kHz) 

4.01 

0.38 

3.26-4.65 

4.17 

0.31 

3:54-4.62 

Frequency  range,  1st  section  of  song 

2.24 

+ 

0.34 

1.64-2.69 

'  2.47 

± 

0.21 

2.11-2.68 

Frequency  range,  2nd  section  of  song 

2.79 

-+- 

0.39 

2.20-3.38 

3.00 

0.34 

2.34-3.64 

Frequency  range,  3rd  section  of  song 

2.50 

0.46 

1.15-3.06 

2.84 

± 

.0.34 

2.49-3.57 

Minimum  frequency,  entire  song 

3.08 

0.21 

2.64-3.50 

3.27 

± 

0.16* 

3.08-3.53 

Minimum  frequency,  1st  section  of  song 

3.10 

0.22 

2.70-3.53 

3.28 

0.14 

3.12-3.55 

Minimum  frequency,  2nd  section  of  song 

3.54 

0.42 

2.99-4.43 

3.94 

+ 

0.41* 

3.38-4.49 

Minimum  frequency,  3rd  section  of  song 

4.50 

0.26 

4.02-4.96 

4.50 

0.27 

3.98-4.94 

Maximum  frequency,  entire  song 

7.08 

0.38 

6.21-7.80 

7.41 

+ 

0.24* 

7.07-7.77 

Maximum  frequency,  1st  section  of  song 

5.34 

0.48 

4.62-6.15 

5.74 

± 

0.26 

5.23-6.11 

Maximum  frequency,  2nd  section  of  song 

6.33 

0.68 

5.28-7.38 

6.94 

0.49 

6.05-7.73 

Maximum  frequency,  3rd  section  of  song 

7.00 

0.38 

6.11-7.78 

7.33 

0.25 

6.99-7.77 

Total  length  of  song,  sec 

1.51 

0.23 

1.21-2.08 

1.47 

-+• 

0.10 

1.34-1.65 

Total  #  song  types 

2.11 

0.68 

1. 0-3.0 

1.83 

0.84 

1. 0-3.0 

Song  rate,  #  of  songs/min 

6.38 

+ 

2.22 

2.40-12.20 

7.39 

+ 

2.11* 

3.40-10.8 

*  Significant  predictor  of  pairing  status  based  on  logistic  regression. 


of  83%  for  pairing  status.  Significant  predic¬ 
tive  variables  included  song  rate  ((3  =  —0.736, 
SE  =  0.327,  P  =  0.024),  and  minimum  fre¬ 
quency  of  the  second  section  of  song  ((3  = 
-0.003,  SE  =  0.002,  P  =  0.048)  (Fig.  2).  The 
confidence  in  predicting  a  Cerulean  Warbler 
male  is  paired  increases  when  song  rate  and 
minimum  frequency  values  are  lower. 


Female  Call  Notes. — Six  female  Cerulean 
Warblers  were  recorded  during  the  2005  and 
2006  breeding  seasons  but,  high  quality  re¬ 
cordings  of  only  four  females  were  analyzed 
(Table  2).  Measurements  and  analyses  of  four 
spectrographic  images  revealed  two  behaviors 
were  positively  identified  while  recording  fe¬ 
male  vocalizations  (Fig.  3A-C).  These  includ- 


Time  (sec) 


FIG.  1.  Cerulean  Warbler  song  is  usually  comprised  of  three  sections.  (A)  High  and  low  frequency  mea¬ 
surements  for  each  section,  and  number  of  syllables  (B)  within  the  first  and  second  sections  of  the  song.  Mean 
song  length  for  all  males  was  1 .48  sec. 
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Time  (sec) 

FIG.  2.  Song  rates  and  frequencies  of  the  second  section  of  song.  (A)  Unpaired  Cerulean  Warbler  male’s 
song  during  the  latter  part  of  the  breeding  season  and  (B)  paired  Cerulean  Warbler  male  using  the  same  song 
type,  but  with  lower  minimum  and  maximum  frequencies  in  the  second  section  of  the  song. 


ed  call  notes  to  a  mate  (Fig.  3B)  and  foraging 
(Fig.  3C). 

Fledglings. — Fledglings  from  four  different 
Cerulean  Warbler  breeding  pairs  were  record¬ 
ed  during  the  2005  and  2006  breeding  seasons 
(Table  3).  Measurements  of  spectrographic 
images  revealed  that  fledgling  begging  notes 
are  distinguishable  from  adult  Cerulean  War¬ 
bler  call  notes  by  higher  frequency  bounds, 
noticeably  decreased  internote  intervals,  and 
smaller  frequency  ranges  (Fig.  4A-C,  Fig.  5). 
Begging  fledglings  were  observed  being  fed 
by  either  the  male  or  female  parent  for  all  re¬ 
cordings  taken. 

DISCUSSION 

Male  Song. — The  higher  song  rate  of  un¬ 
paired  Cerulean  Warbler  males  is  similar  to 
other  passerines  (Gottlander  1987,  Wasserman 
and  Cigliano  1991),  and  wood-warbler  species 
(Gibbs  and  Wenny  1993,  Staicer  1996b,  Stai- 
cer  et  al.  2006).  Total  song  rates  (First  Cate¬ 
gory  and  Second  Category  songs  combined) 
for  Adelaide’s  Warbler  were  significantly 
higher  for  unpaired  males  than  paired  males 
(Staicer  1996b),  and  surveys  in  Missouri  for 
Kentucky  Warbler  and  Ovenbird  revealed 
song  rates  were  5.4  and  3.5  times  greater,  re¬ 
spectively,  for  unpaired  males  than  paired 


males  (Gibbs  and  Wenny  1993).  Staicer  et  al. 
(2006)  reported  unpaired  male  American  Red¬ 
starts  sang  First  Category  songs  at  signifi¬ 
cantly  higher  rates  (median,  8.0  songs/min) 
than  paired  males  (median,  6.3  songs/min). 
Our  findings  for  Cerulean  Warblers  song  rates 
contradict  those  of  Woodward  (1997).  Wood¬ 
ward  (1997)  concluded  that  Type  I  song  rates 
used  by  unpaired  males  (n  =  6)  in  early  sea¬ 
son  to  attract  females  were  significantly  lower 
than  Type  II  song  rates,  which  are  typically 
used  by  paired  males  in  late  season.  On  av¬ 
erage,  she  found  Type  I  song  rates  for  morn¬ 
ing  bouts  were  7.06  songs/min,  while  Type  II 
song  rates  were  8.65  songs/min.  This  discrep¬ 
ancy  may  be  attributed  to  Woodward’s  (1997) 
work  studying  early  and  late  season  functional 
differences  in  song,  and  not  specifically  ex¬ 
amining  male  pairing  status. 

The  use  of  First  Category  (Type  I)  and  Sec¬ 
ond  Category  (Type  II)  singing  behaviors  is 
well  documented  for  wood-warblers  (Spector 
1992),  and  the  use  of  higher  frequency  First 
Category  songs  for  mate  attraction  is  docu¬ 
mented  for  Dendroica  species  (Staicer  1996a, 
Woodward  1997).  Staicer  (1996a)  concluded 
that  First  Category  songs  used  by  male  Ade¬ 
laide’s  Warblers  to  attract  females  were  600 
Hz  higher  than  Second'  Category  songs,  which 


TABLE  2.  Recordings  (X  ±  SD)  of  four  Cerulean  Warbler  females  during  the  2005  and  2006  breeding 
seasons  in  southern  Indiana.  Associated  behaviors  include  chip  notes  while  foraging,  and  call  notes  to  a  mate. 

Call  type 

Context 

#  notes 
measured 

Maximum 
•  frequency  (kHz) 

Minimum 
frequency  (kHz) 

Intemote 
interval  (sec) 

Chip  notes 

Foraging 

23 

8.03  ±0.18 

3.68  ±  0.45 

3.59  ±  1.16 

Chip  notes 

Unknown 

6 

7.99  ±  0.37 

3.73  ±  0.73 

2.74  ±  0.82 

Chip  notes 

Unknown 

15 

7.93  ±  0.12 

5.17  ±  0.55 

2.87  ±  1.34 

Chip/call  notes 

Response  to  male  call  note 

13 

7.95  ±  0.12 

5.05  ±  0.49 

Average 

> 

14.3 

7.97  ±  0.04 

4.40  ±  0.80 

3.07  ±  0.46 
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Time  (sec) 


Time  (sec) 


Time  (sec) 


FIG.  3.  Spectrographic  representations  of  non-song  vocalizations  recorded  from  Cerulean  Warblers  during 
the  2005  and  2006  breeding  season  in  southern  Indiana.  (A)  Female  chip  notes.  (B)  Male  and  female  call  notes 
to  each  other.  (C)  Female  chip  notes  while  foraging. 


are  used  for  territory  defense.  Minimum  fre¬ 
quencies  of  Cerulean  Warbler  First  Category 
songs  in  Ontario,  Canada  were  230  Hz  higher 
on  average  than  Second  Category  songs 
(Woodward  1997).  Males  in  our  study,  which 
were  unpaired  (presumably  singing  Type  I 
songs)  were  singing  at  significantly  higher  fre¬ 
quencies  than  were  paired  males  (Table  1 ,  Fig. 
2);  This  was  consistent  throughout  the  breed¬ 
ing  season  with  unpaired  males  singing  at 
higher  frequencies  and  song  rates  in  the  latter 
part  of  July,  and  paired  males  singing  at  sig¬ 
nificantly  lower  frequencies  with  lower  song 
rates  in  early  May. 

Why  should  males  change  their  songs  once 
paired?  Staicer  (1996b)  hypothesized  that  in 
monogamous  wood-warbler  species,  traits 


such  as  increased  song  rate  are  probably  in¬ 
dicators  to  females  that  males  are  unpaired; 
useful  information  for  females  in  mate  choice. 
Staiqer  (1996b)  further  suggested  that  in  a  mo¬ 
nogamous  species,  deceptive  tactics  by  a 
paired  male  (singing  at  the  higher  song  rate) 
could  incur  a  high  cost  if  he  risks  losing  a 
female,  or  the  loss  of  high  quality  territory  to 
another  male  by  devoting  too  much  time  try¬ 
ing  to  attract  a  second  female  (Staicer  1996b). 

The  limited  repertoires  in  the  male  Ceru¬ 
lean  Warbler  song  appear  to  have  little,  effect 
on  female  attraction  unlike  other  passerine 
species  in  which  large  repertoire  size  is  im¬ 
portant  (Nowicki  and  Searcy  2005).  The  low 
average  number  of  song  types  for  both  paired 
and  unpaired  males  suggests  that  other  factors 
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TABLE  3.  Recordings  (x  ±  SD)  of  four  Cerulean 
Warbler  fledgling  begging  notes  during  the  2005  and 
2006  breeding  seasons  in  southern  Indiana.  Parents 
were  observed  feeding  fledglings  when  all  begging 
notes  were  recorded. 


#  notes 
measured 

Maximum 

frequency 

(kHz) 

Minimum 

frequency 

(kHz) 

Internote 
interval  (sec) 

165 

7.84  ±  0.08 

5.98  ±  0.49 

0.09  ±  0.22 

6 

7.58  ±  0.18 

6.14  ±  0.16 

0.37  ±  0.16 

263 

7.87  ±  0.10 

5.87  ±  0.49 

0.14  ±  0.31 

90 

8.08  ±  0.12 

5.6  ±  0.60 

0.17  ±  0.18 

x  =  131 

7.84  ±  0.20 

5.90  ±  0.22 

0.19  ±  0.12 

such  as  song  rates  and  frequencies  are  more 
useful  to  females  in  mate  selection  (Table  1). 

Non-song  Vocalizations. — It  was  difficult  to 
observe  and  record  vocalizations  of  female 
Cerulean  Warblers  due  to  cryptic  coloration 
and  simplistic  note  structures.  We  were  able 
to  identify  the  female  vocalizing  for  some  re¬ 
cordings  of  female  chip  notes,  but  not  able  to 
identify  the  behavioral  context  of  the  notes 
(Fig.  3A).  The  spectrograms  and  associated 
behaviors  are  presented  as  a  more  quantitative 
description  of  past  qualitative  accounts  of  Ce¬ 
rulean  Warbler  call  notes,  but  more  definitive 
studies  should  follow. 

Our  spectrographic  analyses,  following 
Rogers  (2006),  suggest  that  different  types  of 
notes  within  non-song  vocalizations  may  be 
associated  with  specific  behaviors.  For  ex¬ 
ample,  female  foraging  notes  (Fig.  3C)  have 
a  lower  mean  frequency  and  greater  frequency 
range  than  the  recorded  call  notes  to  a  mate 
(Table  2).  Further  study  and  spectrographic 
analyses  are  needed  to  confirm  that  different 
note  types  are  actually  used  in  different  be¬ 
havioral  contexts,  but  these  conclusions  are 
comparable  to  those  of  Rogers  (2006)  who  de¬ 
scribed  three  distinct  non-song  vocalizations 
by  females  in  three  contexts.  Buzzy  “zz.ee” 
notes  were  classified  as  note  types  used  when 
foraging,  or  in  the  proximity  of  a  mate,  nest¬ 
ling,  or  nest  site  (although  Getty  1993  referred 
to  these  buzzy  notes  as  “flight  notes”); 
“chips”  during  territory  encroachments;  and 
“tchips”  when  threatened  by  other  birds  or 
when  an  intruder  is  near  a  nest  with  nestlings. 
Rogers  (2006)  hypothesized  the  buzzy  “zzee” 
notes  are  probably  the  “metallic  chip”  de¬ 
scribed  by  Oliarnyk  and  Robertson  (1996). 
Conversely,  Getty  (1993)  considered  the  chip 


notes  of  Cerulean  Warblers  to  be  distinct  in 
sound  and  function  from  the  buzzy  notes  pro¬ 
duced.  These  chip  notes  in  our  study,  were 
recognizable  and  appear  to  be  different  from 
buzzy  non-song  vocalizations,  which  we  were 
not  able  to  record.  We  found  male  chip  notes 
to  be  at  a  lower  frequency  than  females’ 
(based  on  only  one  sampling,  similar  to  Oliar¬ 
nyk  and  Robertson  (1996)  (Fig.  3B). 

Direct  observations  and  recordings  of  fe¬ 
males  or  males  were  not  collected  during  ter¬ 
ritory  intrusions  or  when  threatened  by  other 
birds,  and  no  direct  comparison  can  be  made 
regarding  the  vocalizations  Rogers  (2006)  de¬ 
scribed  as  “chips”  and  “tchips”.  The  mean 
maximum  and  minimum  frequencies  of  fe¬ 
male  Cerulean  Warbler  vocalizations  fall 
within  the  range  of  Yellow  Warbler  defense 
notes,  which  have  a  frequency  range  of  3.0- 
9.0  kFlz  (Gill  1995).  Cerulean  Warblers  are 
closely  related  to  Yellow  Warblers  (Lovette 
and  Bermingham  1999)  and  it  is  plausible 
their  defense  notes  would  be  similar. 

The  frequency  range  of  fledgling  begging 
notes  for  Cerulean  Warbler  (5.9— 7.8  kHz), 
while  variable,  were  similar  to  Blackburnian 
Warbler  ( D .  fusca )  begging  notes  (range  6.0- 
9.0  kHz)  (Haskell  1999).  Rapid  fledgling  beg¬ 
ging  notes  were  associated  with  intensive 
feeding  bouts  by  parents,  which  were  visually 
noted  during  recording.  Intensity  of  begging 
notes  by  fledging  songbirds  have  been  sug¬ 
gested  as  a  signal  of  nutritional  need  (Godfray 
1991,  Kilner  and  Johnstone  1997).  Shifts  in 
begging  call  intensity  based  on  hunger  may, 
in  part,  explain  the  high  variability  within  the 
internote  interval  measurements  (Table  3). 
Nolan  (1978)  described  begging  calls  of  Prai¬ 
rie  Warbler  young  to  be  ventriloqual  in  nature, 
or  one  individual  sounding  like  two.  This  phe¬ 
nomenon  could  contribute  to  high  variability 
in  internote  interval  measurements  of  Ceru¬ 
lean  Warbler  young. 

This  research  demonstrated  the  best  predic¬ 
tors  of  Cerulean  Warbler  male  pairing  status 
include  song  rates  in  combination  with  mini¬ 
mum  frequency  values.  These  predictive  com¬ 
ponents  of  pairing  status  could  be  an  effective 
research  tool  with  larger  sample  sizes  and  fur¬ 
ther  study  of  song  rates  and  frequency  mea¬ 
sures.  Frequency  measurements  require  spec¬ 
trographic  study,  but  song  rates  are  relatively 
easy  to  calculate  when  conducting  field  stud- 
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FIG.  4.  Cerulean  Warbler  female  and  fledgling  non-song  vocalizations  recorded  during  the  2005  artd  2006 
breeding  seasons  in  southern  Indiana  (x  ±  SD).  (A)  Low  frequencies  of  female  vs.-  fledgling  call  notes.  (B) 
Internote  intervals  of  female  vs.  fledgling  call  notes.  (C)  Frequency  ranges  (delta  frequencies)  of  female  call 
notes  vs.  fledgling  begging  notes. 
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FIG.  5.  Spectrographic  representation  of  a  single  Cerulean  Warbler  fledgling’s  begging  notes  recorded  during 
the  2005  and  2006  breeding  season  in  southern  Indiana. 


ies.  Quicker  assignment  of  male  pairing  status 
would  allow  researchers  to  focus  efforts  in  ter¬ 
ritories  of  paired  males,  where  nest  searches 
and  behavioral  observations  are  important  for 
studies  of  breeding  success  and  survival. 
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SONG  RATES,  MATING  STATUS,  AND  TERRITORY  SIZE  OF 
CERULEAN  WARBLERS  IN  MISSOURI  OZARK  RIPARIAN  FOREST 

MARK  B.  ROBBINS,1-2  ARPAD  S.  NYARI,1  MONICA  PAPE§,' 

AND  BRETT  W.  BENZ1 


ABSTRACT. — We  assessed  song  rates  among  male  Cerulean  Warblers  ( Dendroica  cerulea )  in  Ozark  riparian 
forest  in  southeastern  Missouri  to  characterize  song  rate  variation  and  estimate  how  many  males  may  be  missed 
during  censuses.  Average  (±  SD)  songs  per  5-min  intervals  for  continuous  4-hr  observation  periods  varied  from 
3.1  ±  4.8  (mated  males)  to  36.0  ±  18.7  (unmated  males;  n  =  24  males).  Unmated  males  averaged  twice  the 
number  of  songs  per  5-min  periods  than  mated  males.  Considerable  song  rate  variation  existed  even  among 
mated  males.  Song  rates  slightly  declined  over  the  4-hr  observation  period.  Song  rate  differences  between 
Cerulean  Warblers  in  Ontario  and  southeastern  Missouri  suggest  caution  when  making  assumptions  about  breed¬ 
ing  status  based  on  auditory  surveys.  Average  male  Cerulean  Warbler  territory  size  ( n  =  20)  was  0.9  ±  0.1  ha 
with  27  of  31  males  having  at  least  one  abutting  conspecific  territory.  All  males  ( n  =  24)  were  silent  for  32.7 
±  21.5  and  21.8  ±  17.4%  of  the  5-min  and  10-min  periods,  respectively.  Unpaired  males  (n  =  5)  were  silent 
for  2.9  ±  3.15  and  1.2  ±  1.86%  and  mated  males  ( n  =  19)  were  silent  for  37.9  ±  18.8  and  25.4  ±  16.2%  of 
the  5-min  and  10-min  periods,  respectively.  These  data  demonstrate  that  when  auditory  clues  are  used  for 
detection,  not  incorporating  song  rate  will  result  in  significant  underestimates  of  density.  Received  2  August 


2008.  Accepted  22  December  2008. 

Much  debate  still  centers  on  methods  for 
obtaining  reliable  density  estimates  of  passer¬ 
ines  (Ralph  et  al.  1995,  Jones  et  al.  2000, 
Farnsworth  et  al.  2002,  Buckland  2006,  Thog- 
martin  et  al.  2006,  Diefenbach  et  al.  2007). 
Integral  to  all  methods  is  an  estimate  of  de¬ 
tection  probability  that  varies  within  and 
among  species,  habitat,  weather,  season,  and 
observers  (Wilson  and  Bart  1985,  Sauer  et  al. 
1994,  McShea  and  Rappole  1997,  Diefenbach 
et  al.  2003,  Confer  et  al.  2008).  Two  key  com¬ 
ponents  of  estimating  detection  probability 
are:  (1)  availability  of  the  subject  for  detec¬ 
tion,  and  (2)  the  probability  the  subject  will 
be  detected  given  that  it  is  available  (Diefen¬ 
bach  et  al.  2007).  Two  methods  commonly 
used  to  estimate  avian  abundance  are  distance 
sampling  (Reynolds  et  al.  1980,  Buckland 
2006)  and  double-observers  (Nichols  et  al. 
2000);  both  assume  the  probability  that  a  sub¬ 
ject  is  available  to  be  detected  is  1.0.  Farns¬ 
worth  et  al.  (2002)  recognized  that  singing 
frequency  has  a  significant  influence  on  esti¬ 
mating  detection  probabilities  and  incorporat¬ 
ed  this  factor  into  detection  probability  mod¬ 
els  by  using  censuses  with  multiple  time  in¬ 
tervals.  Farnsworth  et  al.’s  (2002)  removal 
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models  estimate  detection  probabilities  that 
include  availability  and  detection,  but  when 
only  three  intervals  (e.g.,  3-min,  5-min,  10- 
min  in  duration)  are  sampled,  all  members  of 
the  first  time  interval  must  be  assumed  to  have 
a  probability  detection  of  1.0.  Singing  terri¬ 
torial  males  are  the  principal  cue  for  detection 
in  passerines  and  results  from  the  few  inten¬ 
sively  studied  birds,  ranging  from  grassland  to 
forest  species,  have  demonstrated  the  assump¬ 
tion  the  subject  is  available  100%  of  the  time 
is  seriously  flawed  (Scott  et  al.  2005,  Staicer 
et  al.  2006,  Diefenbach  et  al.  2007,  Confer  et 
al.  2008).  The  objectives  of  our  study  were  to: 
(1)  document  song  rate  variation  for  Cerulean 
Warblers  ( Dendroica  cerulea)  in  Ozark  ripar¬ 
ian  forest,  and  (2)  provide  an  estimate  of  the 
number  of  individuals  that  might  be  available 
for  detection  during  censuses. 

METHODS 

Song  rate  monitoring  was  conducted  be¬ 
tween  21  May  and  4  June  in  2003,  2007,  and 
2008  in  the  southeastern  Missouri  Ozarks.  We 
chose  the  above  time  period  to  ensure  high 
singing  rates  and  to  exclude  both  late  migrants 
and  young  of  the  year;  this  period  also  cor¬ 
responds  to  when  many  passerines  are  sur¬ 
veyed  across  North  America.  Our  monitoring 
was  conducted  along  the  Current  River  within 
the  Ozark  National  Scenic  Riverways  from 
Akers  Ferry  (37°  22.5'  N,  91°  33.1'  W)  to  Big 
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LIG.  1.  Waymeyer  Access  site  along  Current  River  (right  side  of  figure),  Carter  County,  Missouri.  Circles 
and  triangles  indicate  GPS  coordinates  of  males  monitored  and  unmonitored,  respectively,  in  2008;  satellite 
image  from  Google  Earth. 


Spring  Access  (36°  57.3' N,  90°  59.3' W). 
Thirty-one  males  were  monitored  along  the 
Current  and  other  Ozark  rivers,  but  we  limited 
our  song  analyses  to  24  males  (n  =  6  in  2003, 
n  =  10  in  2007,  n  =  8  in  2008)  along  the 
Current  River  to  reduce  bias  among  river  sys¬ 
tems  and  years  with  samples  of  only  1-2  in¬ 
dividuals. 

Cerulean  Warbler  song  rates  were  moni¬ 
tored  continuously  from  0500  to  0900  hrs 
(CST)  with  the  entire  observation  period  sub¬ 
divided  into  5-min  intervals  («  =  48  inter¬ 
vals).  Each  individual  was  monitored,  using 
stopwatches  and  counters,  for  at  least  one 
morning  under  natural  conditions  (no  play¬ 
back)  with  no  observer  disturbance,  as  males 
typically  were  in  the  canopy.  No  birds  were 
marked,  but  singing  males  were  closely  mon¬ 
itored  by  following  them  from  song  perch  to 
song  perch,  and  noting  locations  of  interac¬ 
tions  with  neighboring  males  (counter-singing 
and  aggressive  interactions).  Two  observers 
monitored  each  male  or  separate  observers  si¬ 
multaneously  monitored  adjacent  males  in  ar¬ 
eas  where  territorial  males  were  densely 
packed.  For  example,  at  the  Waymeyer  Access 
site  on  the  middle  Current  River,  where  sev¬ 
eral  Cerulean  Warbler  males  had  abutting  or 
nearly  abutting  territories,  two  teams  (2  ob¬ 
servers  each)  simultaneously  monitored  song 
rates  of  adjacent  males  in  2007;  at  the  same 


site  in  2008,  three,  single  observers  simulta¬ 
neously  monitored  males  (Fig.  1).  Inter-male 
song  variation  was  recorded  in  2003  and  2007 
(i.e.,  16  males  were  monitored  for  a  single  4- 
hr  period),  whereas  in  2008  both  inter-  and 
intra-male  variation  (2-3  periods/bird)  was 
documented.  Male  mating  status  was  ascer¬ 
tained  by  female  presence  and/or  male  behav¬ 
ior,  i.e.,  carrying  food,  whisper  songs.  Calcu¬ 
lation  of  territory  size  was  based  on  each 
male’s  singing  posts,  foraging  area,  and  inter¬ 
actions  with  mates  and  adjacent  conspecific 
males.  Territory  dimensions  were  measured 
using  a  Global  Positioning  System  (GPS)  unit, 
laser  range  finders,  and  satellite  images  from 
Google  Earth.  All  monitoring  followed  Breed¬ 
ing  Bird  Survey  weather  protocol  with  no  pre¬ 
cipitation  and  no  or  very  light  wind. 

RESULTS 

We  monitored  24  male  Cerulean  Warblers 
of  which  at  least  19  were  paired,  based  on  the 
presence  of  females  and/or  male  behavior  dur¬ 
ing  song  rate  assessment;  all  of  these  pairs 
were  either  incubating  or  brooding.  Average 
song  rate  of  five  territorial  males  that  were 
presumed  to  be  unmated  was  significantly 
greater  (f-test,  two-tailed  with  unequal  vari¬ 
ance,  P  <  0.001)  than  19  mated  males,  27.3 
±  9.4  versus  13.2  ±  11.8.  Conspecifics  were 
heard  counter-singing  at  least  part  of  the  time 


Robbins  et  al.  •  SONG  RATES  OF  CERULEAN  WARBLERS 


285 


FIG.  2.  Average  song  rates  (±  SD)  of  singing  male  Cerulean  Warblers  («  =  24)  for  a  4-hr  monitoring  period, 
0500-0900  hrs,  subdivided  into  5-min  intervals  ( n  =  48)  across  3  years. 


during  the  monitoring  of  all  males.  This  re¬ 
sponse  varied  from  conspecifics  with  abutting 
territories  that  were  heard  singing  frequently 
to  males  >100  m  distant  on  the  other  side  of 
the  river  that  were  heard  only  occasionally. 
Twenty-seven  of  31  males  that  we  monitored 
had  at  least  one  contiguous  conspecific  terri¬ 
tory  (range  =  1-4  abutting  territories;  Fig.  1). 
Average  (±  SD)  male  Cerulean  Warbler  ter¬ 
ritory  size  (n  =  20)  was  0.9  ±  0.1  ha. 

Average  (±  SD)  male  songs/5  min  for  the 
4-hr  observation  periods  ranged  from  3.1  ± 
4.8  (mated  males)  to  36.0  ±  18.7  (unmated 
males;  n  =  24  total  males)  with  a  slight  de¬ 
cline  in  rate  over  the  observation  period  (Fig. 
2).  The  greatest  number  of  songs  for  a  5-min 
period  was  61  by  two  adjacent  mated  males 
on  31  May  2008  (0745-0750  and  0840-0845 
hrs,  respectively)  at  the  Waymeyer  Access  site 
(Fig.  3,  males  6  and  7).  The  most  songs  re¬ 
corded  during  a  4-hr  observation  period  were 
1,729  from  an  unmated  male  whose  territory 
abutted  two  adjacent  mated  males.  Mean  song 
rates  among  males  across  years  (2003  =  22.1 
±  6.6;  2007  =  15.9  ±  9;  2008  =  12.1  ±  4.8) 
were  minimally  significantly  different  (ANO- 
VA,  F  =  3.32,  df  =  23,  P  =  0.05). 


All  males  ( n  =  24)  were  silent  for  32.7  ± 
21.5  and  21.8  ±  17.4%  of  the  5-min  and  10- 
min  periods,  respectively.  Unpaired  males  ( n 
=  5)  were  silent  for  2.9  ±  3.15  and  1.2  ± 
1.86%  and  mated  males  ( n  =  19)  were  silent 
for  37.9  ±  18.8  and  25.4  ±  16.2%  of  the  5- 
min  and  10-min  periods,  respectively.  We 
documented  extended  periods  when  no  males 
sang  or  sang  infrequently  over  the  course  of 
an  hour  with  an  extreme  of  18  consecutive  5- 
rriin  periods  of  silence  by  a  mated  male.  Two 
mated  males  with  abutting  territories  at  our 
Waymeyer  Access  site  on  2  June  2008  (Fig. 
1)  did  not  sing  for  a  total  of  seven  consecutive 
5-min  periods  (0710-0745  hrs).  There  was 
considerable  day  to  day  variation  in  the  num¬ 
ber  of  periods  that  each  male  was  silent  with 
a  three-fold  extreme  for  one  male  (Fig.  3). 

We  recorded  intra-male  song  rate  variation 
for  eight  mated  males  monitored  in  2008  and 
found  no  significant  differences  among  indi¬ 
viduals  (ANOVA,  F  =  1.3,  df  =  17,  P  =  0.3). 
However,  we  noted  considerable  daily  song 
rate  variation  by  each  male  (Fig.  3). 

DISCUSSION 

Previous  data  on  song  rates  of  Cerulean 
Warblers  are  limited  to  a  single  study.  Wood- 
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FIG.  3.  Average  number  of  songs/5-min  period  (n  =  48)  for  eight- mated  males  monitored  for  2-3  days  each 
in  2008  at  the  Pulltite  and  Waymeyer  Access  sites.  Histograms  depict  number  of  periods  when  males  did  not 
sing. 


ward  (1997)  studied  song  rates  of  six  males 
in  Ontario,  Canada.  She  subdivided  observa¬ 
tions  into  early  (17-20  May)  when  males  were 
establishing  territories,  and  late  (31  May-3 
Jun)  seasons  when  males  were  mated  and  nest 
building  had  commenced.  The  latter  part  of 
our  study  dates  overlapped  with  Woodward’s 
late  period  but,  because  of  phenology  differ¬ 
ences  probably  related  to  latitudinal  differenc¬ 
es  between  sites,  breeding  season  was  more 
advanced  at  our  study  sites  and  virtually  our 
entire  data  set  is  comparable  to  Woodward’s 
late  period.  All  birds  that  we  monitored  (based 
on  male  and  female  behavior  at  our  study 
sites)  were  either  in  incubation  or  brooding 
stages,  i.e.,  no  nest  building  was  observed  and 
only  on  one  occasion  were  fledged  young  ob¬ 
served  (29  May  2003;  young  just  out  of  the 
nest  of  a  pair  that  we  did  not  monitor).  Wood¬ 
ward  (1997)  recorded  a  mean  (±  SD)  singing 


rate  of  14.1  ±  0.60  songs/min  for  her  dawn 
period  (0430  to  0600  hrs)  and  8.6  ±  0.09  for 
the  later  morning  period  (0700  to  1000  hrs). 
We  did  not  record  song  rates  until  0500  hrs 
(some  males  did  not  commence  singing  until 
just  before  then)  or  later  than  0900  hrs,  but  it 
is  clear  that  song  rates/min  we  measured  for 
Cerulean  Warblers  in  the  Ozarks  were  consid¬ 
erably  lower  than  those  in  Ontario. 

Woodward  (1997)  suggested  that  a  rate  of 
more  than  eight  songs/min  was  a  quick,  reli¬ 
able  criterion  for  assuming  that  males  were 
mated.  However,  our  data  suggest  a  much 
lower  song  rate  and  considerably  more  vari¬ 
ation  (Fig.  2).  The  average  song  rate  of  un¬ 
mated  males  was  twice  that  of  mated  males  in 
the  Missouri  Ozarks.  It  is  possible  that  one  or 
more  of  the  five  males  that  we  considered  un¬ 
mated  had  mates  given  the  difficulty  in  de¬ 
tecting  females  when  they  are  incubating  or 
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in  early  stages  of  brooding  (Barg  et  al.  2006, 
pers.  obs.)  coupled  with  the  knowledge  that 
each  of  these  males  was  monitored  for  only  a 
single  4-hr  period  (unlike  males  in  2008).  All 
five  males  had  high  song  rates  with  three  hav¬ 
ing  the  highest  rates  of  any  males  that  we 
monitored  (average  27.0,  32.3,  and  36.0 
songs/5-min).  Females,  when  detected,  were 
only  observed  once  or  twice  during  a  4-hr  pe¬ 
riod.  Typically,  females  were  detected  when 
they  gave  call  notes  with  males  leaving  can¬ 
opy  song  posts  and  either  becoming  quiet  or 
singing  infrequent  whisper  songs  as  they  ac¬ 
companied  foraging  females.  Our  limited  data 
suggesting  that  unmated  males  have  higher 
song  rates  than  paired  males  are  consistent 
with  observations  for  other  parulid  species 
(Nolan  1978,  Spector  1992,  Staicer  et  al. 
2006).  Differences  between  song  rates  of 
paired  male  Cerulean  Warblers  in  Ontario  and 
Ozark  indicates  that  caution  should  be  used 
when  making  assumptions  about  breeding  sta¬ 
tus  based  on  song  rates  across  broad  habitat 
and  distributional  ranges.  Staicer  et  al.  (2006) 
explored  the  utility  of  song  rates  in  ascertain¬ 
ing  mating  status  in  American  Redstarts  ( Se - 
tophaga  ruticilla),  but  their  data  were  from  a 
single  locality. 

Territory  size  of  male  Cerulean  Warblers  in 
the  Missouri  Ozarks  was  similar  (0.9  vs.  1.0 
ha,  respectively)  to  that  of  males  in  Ontario 
(Olliarnyk  and  Robertson  1996),  despite  dra¬ 
matic  habitat  differences  between  the  two  ar¬ 
eas.  Average  territory  size  (n  =  51  males)  in 
contiguous  forest  in  southeastern  Indiana  was 
0.21  ha  (Roth  2004).  Twenty-seven  of  31 
males  that  we  monitored  had  one  to  four  con¬ 
tiguous  conspecific  territories  in  contrast  to 
Cerulean  Warblers  in  southeastern  Indiana 
where  birds  in  three  of  five  study  plots  were 
considered  clustered,  although  none  had  ad¬ 
jacent  territories  (Roth  and  Islam  2007). 

Cerulean  Warblers  in  the  Ozarks  of  Mis¬ 
souri  and  Arkansas  are  concentrated  along  riv¬ 
ers  and  streams,  and  are  sparsely  found  in  up¬ 
land  areas  (Robbins  et  al.  1998,  Sauer  et  al. 
2003,  unpubl.  data).  Cerulean  Warbler  terri¬ 
tories  are  linearly  arranged  where  Ozark  ri¬ 
parian  forest  is  narrowly  restricted  along 
streams/rivers;  however,  in  broader  floodplain 
forest,  such  as  at  our  Waymeyer  Access  site, 
male  territories  were  densely  packed  (Fig.  1). 

Ozark  riparian-inhabiting  Cerulean  War¬ 


blers  primarily  use  American  sycamores  ( Pla - 
tanus  occidentalis)  as  song  posts  (Robbins  et 
al.  1998).  The  predominant  canopy  tree,  east¬ 
ern  cottonwood  ( Populus  deltoides ),  in  at  least 
some  broader  floodplain  forests,  such  as  our 
Waymeyer  Access  site,  is  used  as  a  primary 
song  perch.  Butternut  hickory  ( Carya  cordi- 
formis)  was  the  dominant  song  post  in  non¬ 
riparian  forest  in  Ontario  (Barg  et  al.  2006). 
It  is  clear  that  tree  species  per  se  does  not 
dictate  Cerulean  Warbler  song  post  selection. 
Barg  et  al.  (2006)  noted  that  maximizing  song 
transmission  appears  to  mostly  affect  Cerule¬ 
an  Warbler  song  perch  selection.  The  choice 
of  butternut  hickory  singing  posts  appeared  to 
be  related  to  that  species’  delayed  foliation 
and  lesser  foliage  density,  which  should  trans¬ 
late  into  less  song  transmission  degradation. 
We  found  contiguous  territorial  boundaries  of¬ 
ten  to  be  delineated  by  abutting  emergent  song 
posts  (primarily  sycamores). 

Implications  for  Population  Assessments. — 
Our  study  was  conducted  early  in  the  breeding 
season,  presumably  when  breeding  stage  is 
more  synchronized  among  pairs  than  later  in 
the  season,  yet  we  recorded  dramatic  variation 
in  male  song  rates  (Figs.  2,  3).  We  would  ex¬ 
pect  even  more  variability  in  song  rates 
among  males  later  in  the  season  when  young 
fledge  (Borror  1961,  Staicer  et  al.  2006).  The 
decline  in  song  rate  among  males  across  the 
4-hr  observation  period  was  subtle,  despite  the 
generally  held  premise  that  time  of  day  sig¬ 
nificantly  affects  song  rates  (Robbins  1981, 
Skirvin  1981).  Although  not  quantified,  Ce¬ 
rulean  Warbler  males  that  we  monitored  from 
0500  to  0900  hrs  sang  much  less  frequently 
after  1200  hrs.  One  of  the  few  published  song 
rate  studies,  also  covering  4  continuous  hrs 
from  sunrise,  of  a  single  Least  Bell’s  Vireo 
{Vireo  belli i)  revealed  ,no  trend  in  song  rate 
(Scott  et  al.  2005).  Additional  studies  are 
needed  to  learn  if  results  from  these  two  stud¬ 
ies  are  typical  of  North  American  passerines. 

Our  data  clearly  indicate  increasing  length 
of  census  periods  in  duration  from  5  min 
(67%  male  availability)  to  10  min  (78%  avail¬ 
ability)  increases  the  time  males  (including 
unmated  and  mated)  are  available  for  detec¬ 
tion.  However,  even  with  doubling  sampling 
time,  a  relatively  large  proportion  of  males  are 
missed.  Some  males  did  not  sing  consistently 
throughout  5-min  periods  (e.g.,  males  sang 
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several  times  only  at  the  beginning  or  the 
end),  which  would  further  reduce  detection  if 
a  survey  period  is  restricted  to  3  min,  as  is 
standard  for  USGS  Breeding  Bird  Surveys. 
The  proportion  of  birds  that  might  be  missed 
by  having  a  shorter  survey  period  (<5  min), 
using  the  criteria  <15  songs/5-min  period, 
would  be  52.5  ±  23.5%  based  on  our  data. 
Given  that  unmated  males  sang  twice  the  rate 
of  mated  males  and  were  detected  in  97  versus 
62%  (mated  males)  of  the  5-min  count  periods 
has  the  potential  of  significantly  biasing  esti¬ 
mates  of  breeding  populations.  Similar  find¬ 
ings  were  found  in  a  study  of  American  Red¬ 
starts,  where  unpaired  males  ( n  =  4)  sang 
99%  of  the  5-min  periods,  whereas  mated 
males  ( n  =  5)  sang  in  49%  of  the  5-min  count 
periods  (Staicer  et  al.  2006).  North  America 
landbird  population  estimates,  trends,  and 
conservation  priorities  have  been  based  pri¬ 
marily  on  the  3-min  USGS  Breeding  Bird  Sur¬ 
vey  protocol  (Rich  et  al.  2004,  Panjabi  et  al. 
2005,  Rosenberg  and  Blancher  2005).  How¬ 
ever,  Staicer  et  al.  (2006),  Thogmartin  et  al. 
(2006),  Diefenbach  et  al.  (2007),  Confer  et  al. 
(2008),  and  our  data  demonstrate  how  seri¬ 
ously  flawed  the  assumption  is  that  100%  of 
the  males  sing  during  counts  <  1 0  min.  Esti¬ 
mates  of  territorial  Cerulean  Warblers  for  <5- 
min  monitoring  periods  may  be  underestimat¬ 
ed  by  at  least  33%  (males  combined;  3%  un¬ 
mated,  38%  mated)  if  our  song  rate  data  are 
applicable  to  Cerulean  Warblers  more  broadly. 
Diefenbach  et  al.  (2007)  incorporated  song 
availability  and  estimated  >2-  to  4-fold  in¬ 
crease  in  numbers  over  an  estimate  without 
song  availability  for  two  Ammodramus  spe¬ 
cies  in  Pennsylvania.  Our  Cerulean  Warbler 
data  support  Diefenbach  et  al.’s  (2007)  con¬ 
tention  of  the  importance  of  incorporating 
song  availability  for  reducing  detection  bias  in 
estimating  bird  abundance.  This  may  be  par¬ 
ticularly  important  in  assessing  populations  of 
species  of  special  conservation  concern,  such 
as  the  Cerulean  Warbler  (Robbins  et  al.  1992, 
Hamel  2000,  Sauer  et  al.  2003,  Hamel  et  al. 
2004). 
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SPRING  PASSAGE  AND  ARRIVAL  PATTERNS  OF  AMERICAN 
REDSTARTS  IN  MICHIGAN’S  EASTERN  UPPER  PENINSULA 
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ABSTRACT. — We  examined  the  pattern  of  American  Redstarts  (Setophaga  ruticilla)  migrating  through  and 
arriving  in  breeding  areas  in  northern  Michigan  to  evaluate  factors  that  may  influence  arrival  of  redstarts. 
Variation  in  arrival  schedules  coincided  with  variation  in  endogenous  and  exogenous  factors.  Redstarts  arrived 
3  to  7  days  later  during  a  year  characterized  by  cold  temperatures  and  low  resource  abundance  as  compared  to 
years  in  which  environmental  conditions  during  the  arrival  period  were  more  benign.  Further,  males  verified  as 
breeding  at  our  site  arrived  2  to  4  days  before  breeding  females  while  males  classified  as  migrants  preceded 
migrant  females  by  4  days.  Finally,  older  birds  preceded  younger  for  both  verified  breeders  (7  days)  and  migrants 
(6  days).  These  findings  demonstrate  behavioral  plasticity  within  the  constraints  of  optimal  migration  theory 
which  places  high  value  on  early  arrival  in  breeding  areas.  Our  results  suggest  that  some  species  of  long-distance 
migrants  may  adjust  spring  migration  rates  in  response  to  environmental  conditions.  Received  20  March  2008. 
Accepted  17  September  2008. 


Migratory  timing  is  a  consequence  of  endog¬ 
enous  and  exogenous  factors  (Berthold  1996). 
For  example,  genetic  control  mechanisms  influ¬ 
ence  factors  including  onset  of  migratory  rest¬ 
lessness,  temporal  pattern  of  migratory  activity, 
migratory  direction,  and  annual  patterns  of  body 
mass  cycles  (Berthold  1996).  Events  that  occur 
during  passage  also  influence  migratory  timing, 
such  as  competing  with  other  migrants  for  lim¬ 
ited  resources  (Moore  and  Wang  1991),  satis¬ 
fying  nutritional  demands  under  time  constraints 
(Loria  and  Moore  1990),  and  avoiding  predation 
while  balancing  conflicting  demands  between 
predator  avoidance  and  food  acquisition  (Moore 
1994).  Additionally,  migrants  must  adjust  to  un¬ 
familiar  surroundings  (Abom  and  Moore  1997, 
Petit  2000),  cope  with  unfavorable  weather 
(Richardson  1978)  and  choose  the  appropriate 
direction  for  the  next  migratory  flight  (Moore 
1990).  Further,  exigencies  in  wintering  areas 
may  influence  migratory  timing.  Age  and  gen¬ 
der-related  dominance  asymmetries,  via  influ¬ 
encing  winter  habitat  occupancy,  have  been  re¬ 
lated  to  northerly  departure  time  and  timing  of 
arrival  in  breeding  areas  (Marra  et  al.  1998, 
Norris  et  al.  2004,  Norris  and  Marra  2007).  A 
successful  migrant  integrates  these  factors,  tai¬ 
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loring  its  migratory  strategy  in  an  effort  to  op¬ 
timize  efficiency  and  speed  of  movement  (Al- 
erstam  and  Lindstrom  1990,  Mabey  2002)  be¬ 
cause  time  and  condition  upon  arrival  at  the  mi¬ 
gratory  destination  may  have  fitness 
consequences  (Rowe  et  al.  1994,  Moore  et  al. 
2005,  Smith  and  Moore  2005a). 

Intrinsic  factors  also  have  a  role  in  defining 
migration  patterns,  passage  rates,  and  arrival 
timing.  Migratory  strategies  within-species 
may  diverge  leading  to  intra-specific  differ¬ 
ential  migration  and/or  differential  passage 
(e.g.,  Bensch  et  al.  1999).  Differential  migra¬ 
tion  arises  when  migratory  patterns  vary  intra- 
specifically,  leading  to  geographic  or  habitat 
segregation  of  gender  or  age  classes  during 
the  non-breeding  season  (Terrill  and  Able 
1988,  Cristol  et  al.  1999).  Differential  passage 
is  defined  as  the  temporal  segregation  of  gen¬ 
der  or  age  classes  during  migration.  The  clas¬ 
sic  example  of  differential  passage  is  early  mi¬ 
gration  and  arrival  of  territorial  individuals 
(generally  males  in  North  American  land- 
birds)  in  breeding  areas  (Francis  and  Cooke 
1986),  which  is  considered  advantageous  for 
gaining  access  to  the  highest  quality  territories 
(Bensch  and  Hasselquist  1991,  Aebischer  et 
al.  1996,  Lozano  et  al.  1996,  Smith  2003). 
Differential  passage  may  be  a  consequence  of 
differential  migration  patterns,  for  example,  if 
all  individuals  of  .a  species  initiate  migration 
within  the  same  time  frame  but  must  travel 
different  distances.  Alternatively,  it  may  be  an 
integral  part  of  intra-specific  differences  in  op¬ 
timal  migration  strategies  that  balance  the  ex- 


290 


Smith  et  al.  •  ARRIVAL  SCHEDULES  OF  AMERICAN  REDSTART 


291 


penditure  of  time  and  energy  to  maximize  fit¬ 
ness  and  shape  departure  timing  and/or  rate  of 
migration  (Sandberg  and  Moore  1996,  Mabey 
2002,  Smith  2003).  Given  well-documented 
intra-specific  differences  in  migration  patterns 
and  our  general  lack  of  understanding  of  the 
ultimate  and  proximate  causes  driving  those 
differences,  there  is  need  to  examine  variabil¬ 
ity  in  migratory  timing  not  just  across  species 
but  also  within  species  across  age  and  gender. 

Our  work  on  stopover  and  breeding  ecology 
of  landbird  migrants  (Smith  and  Moore  2003, 
2005a,  b)  in  Michigan’s  eastern  Upper  Peninsula 
provided  an  opportunity  to  examine  the  patterns 
of  American  Redstarts  ( Setophaga  ruticilla) 
passing  through  and  arriving  at  a  northerly  stop¬ 
over  and  breeding  site,  and  to  assess  arrival  tim¬ 
ing  in  response  to  annual  variation  in  environ¬ 
mental  conditions.  Our  objectives  were  to:  (1) 
compare  arrival  pattern  by  age  and  gender  in 
redstarts  that  arrived  at  our  site  to  breed,  (2) 
compare  passage  pattern  by  age  and  gender  in 
redstarts  stopping  to  rebuild  fat  stores  pripr  to 
continuing  migration,  and  (3)  relate  extrinsic 
factors  such  as  weather  and  food  abundance  to 
patterns  of  arrival  and  passage. 

METHODS 

Study  Site. — The  study  was  conducted  dur¬ 
ing  the  spring  migratory  and  breeding  periods 
at  a  5 -ha  site  on  the  shoreline  of  northern  Lake 
Huron  in  Michigan’s  eastern  Upper  Peninsula 
(46°  2'  N,  84°  35'  W).  Forest  vegetation  at  this 
site  was  a  mixture  of  conifers  including  61% 
northern  white  cedar  ( Thuja  occidentalis), 
10%  balsam  fir  (Abies  balsamea ),  5%  white 
spruce  ( Picea  glauca),  and  deciduous  species 
including  7%  quaking  aspen  (Populus  tremu- 
loides )  and  2%  paper  birch  (Betula  papyri- 
fera)  (Smith  2003).  Vegetation  composition 
was  representative  of  the  lowland  coniferous 
forests  common  in  shoreline  habitats  through¬ 
out  the  entire  eastern  Upper  Peninsula  of 
Michigan  (Smith  et  al.  1998). 

Bird  Sampling. — We  trapped  American 
Redstarts  daily  using  mist- nets  (12  X  2.6  m, 
30  mm  mesh)  from  7  May  through  6  June  in 
1997,  4  May  through  28  June  in  1998,  30 
April  through  23  July  in  1999,  27  April 
through  29  July  in  2000,  and  27  April  through 
26  July  in  2001.  We  operated  between  25  and 
30  permanently  positioned  mist-nets  with  the 
exception  of  1997  in  which  we  had  10  nets. 


We  augmented  netting  during  the  arrival  pe¬ 
riod  by  intensively  searching  the  study  area, 
capturing  new  arrivals  (both  males  and  fe¬ 
males)  not  caught  in  permanent  nets  by  plac¬ 
ing  temporary  nets  in  the  new  arrival’s  terri¬ 
tory  and  broadcasting  song-chip  playbacks. 
We  began  netting  well  before  redstarts  arrived, 
but  our  1997  data  are  truncated  because  of  a 
shortened  pilot  season.  The  effect  of  delayed 
spring  in  1997  on  arrival  timing  (Smith  and 
Moore  2005b)  precluded  capturing  as  many 
individuals  as  in  following  years.  Thus,  our 
estimates  of  arrival  dates  are  likely  skewed 
toward  earlier  arrival  (i.e.,  actual  arrival  dates 
in  1997  were  likely  more  delayed  than  our 
results  indicate). 

Nets  were  opened  shortly  before  sunrise, 
and  remained  open  through  early  afternoon. 
We  reopened  nets  in  early  evening,  closing  at 
dusk.  Nets  were  closed  in  the  event  of  exces¬ 
sively  low  temperatures,  high  wind  or  rain. 
We  restricted  analyses  for  this  paper  to  first 
captures  of  birds  prior  to  12  June  to  ensure 
capture  data  accurately  reflected  day  of  arriv¬ 
al.  Birds  were  classified  to  gender  and  age  fol¬ 
lowing  Pyle  (1997).  If  we  could  not  reliably 
assign  age  as  either  a  bird  in  its  second  cal¬ 
endar  year  (SY),  or  at  least  its  third  calendar 
year  (After  Second  Year,  ASY)  we  assigned 
the  age  category  After  Hatch  Year  (AHY). 
The  AHY  categorization  indicated  the  bird 
was  in  at  least  its  second  calendar  year.  Birds 
were  fitted  with  a  USGS  aluminum  band  and 
individually  color-banded. 

We  monitored  color-banded  American  Red¬ 
starts  during  the  migratory  and  breeding  pe¬ 
riods,  and  were  able  to  categorize  individuals 
as  either  breeders  or  migrants.  We  searched 
the  immediate  study  area  daily  throughout  the 
duration  of  our  study  as  well  as  adjacent  areas 
(circles  with  a  radius  of  2—2.5  km  with  oc¬ 
casional  searches  extending  to  5  km)  looking 
for  color-banded  birds.  We  used  several  types 
of  evidence  to  identify  individuals  as  local 
breeders:  capture  or  observation  during  the 
breeding  season,  morphological  evidence  of 
breeding  on  recapture  (i.e.,  brood  patch  or  ob¬ 
vious  cloacal  protruberance),  or  evidence  of 
nest  attendance. 

Environmental  Conditions  on  Arrival. — We 
included  weather  data  collected  either  at  our 
study  site  or  from  a  nearby  weather  station 
(Mackinac  Bridge,  — 11.3  km  west  of  the 
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study  site).  We  tracked  the  progression  of 
spring  each  year  by  collecting  data  describing 
quaking  aspen  leaf  development.  We  selected 
10  trees  during  the  leaf-out  period  at  3-4  days 
intervals,  classifying  each  into  one  of  four  cat¬ 
egories:  1  =  leaves  in  bud;  2  =  leaves  emerg¬ 
ing  from  bud;  3  =  leaves  unfurled  but  not 
fully  expanded;  4  =  leaves  fully  expanded. 
Categories  were  assigned  based  on  the  stage 
for  most  of  a  tree’s  leaves.  The  same  person 
(RJS)  collected  these  data  in  all  years. 

Invertebrate  Sampling. — We  sampled  the 
invertebrate  fauna  using  a  technique  modified 
from  Cooper  and  Whitmore  (1990)  every  6 
days,  except  in  2000  and  2001,  when  we  sam¬ 
pled  every  3  days.  We  randomly  selected  3 
locations  during  each  sampling  round,  col¬ 
lecting  one  sample  for  each  of  the  common 
tree  species  at  each  location. 

We  randomly  selected  sample  height  (1  to 
5  m  above  ground  level),  placing  a  bag  over 
a  representative  branch,  clipping  the  branch 
and  fumigated  it.  Invertebrates  were  collected 
and  sorted  to  size  and  Order  with  the  excep¬ 
tion  of  Diptera,  which  we  differentiated  as  ei¬ 
ther  chironomid  or  dipteran.  We  used  the 
equations  of  Hodar  (1996)  to  estimate  bio¬ 
mass  for  each  group  of  arthropods.  We 
weighed  branches  and  report  arthropod  bio¬ 
mass  estimates  as  milligrams  biomass/ 100  g 
foliage. 

Statistical  Analysis. — Data  were  analyzed 
using  SPSS  9.0  (SPSS  Institute  Inc.  1998).  Dis¬ 
tributions  of  relevant  variables  were  examined 
for  departures  from  normality  and  we  used  non- 
parametric  statistics  when  transformations  did 
not  bring  data  into  compliance  with  parametric 
testing  assumptions  (Zar  1996).  We  used  Chi- 
square  tests  to  compare  number  of  precipitation 
events  between  years  and  a  General  Linear 
Model  (GLM)  on  ranked  data  to  look  for  dif¬ 
ferences  in  precipitation  amount  by  year.  We 
used  a  Kruskal- Wallis  nonparametric  analysis  of 
variance  along  with  Dunn's  post  hoc  compari¬ 
sons  to  examine  year  effects  on  arthropod  bio¬ 
mass  and  mean  daily  temperature,  and  used 
Spearman  rank  correlations  to  assess  the  rela¬ 
tionship  between  invertebrate  biomass  and  as¬ 
pen  leaf  development. 

We  calculated  average  arrival  temperature,  in¬ 
vertebrate  biomass,  and  aspen  phenology  during 
the  arrival  period  for  each  year  and  used  Spear¬ 
man  rank  correlations  to  assess  relationships 


with  mean  redstart  arrival  day.  We  used  a  GLM 
for  factorial  comparisons  of  arrival  day  (Zar 
1996)  with  Games-Howell  multiple  comparison 
tests.  The  Games-Howell  procedure  is  specifi¬ 
cally  designed  for  situations  when  population 
variances  differ  (Field  2003).  We  used  Chi- 
square  tests  to  assess  age-related  capture  ratios 
and  compared  arrival  day  by  gender  within  age 
categories  using  r-tests. 

RESULTS 

Environmental  Conditions. — Invertebrate 
abundance  was  associated  with  aspen  leaf  de¬ 
velopment  (r  =  0.521,  n  =  112,  P  <  0.001). 
Further,  in  4  of  5  years  aspen  completed  leaf- 
out  by  15  May  (Julian  day  135).  However,  in 

1997  leaf-out  was  delayed  by  18  days  relative 
to  1999,  2000,  and  2001,  and  23  days  relative 
to  1998  (Smith  and  Moore  2005a:  figure  1). 
This  delay  was  presumably  in  response  to  de¬ 
pressed  temperatures;  the  spring  arrival/pas¬ 
sage  period  in  1997  was  the  coldest  of  the  5 
years  of  study  (Table  1).  Environmental  con¬ 
ditions  during  the  1997  arrival/passage  period 
were  poor  relative  to  other  years.  Spring  dur¬ 
ing  1997  was  colder  and  remained  colder  for 
longer.  There  were  no  differences  in  the  num¬ 
ber  of  precipitation  events  between  years  dur¬ 
ing  May  (x2  =  1 .29,  df  =  4,  P  >  0.05)  nor 
was  there  any  difference  in  amount  of  precip¬ 
itation  between  years  (F429  =  1.96,  P  = 
0.132). 

The  delayed  leaf-out  and  colder  tempera¬ 
tures  in  1997  were  reflected  in  arthropod  bio¬ 
mass  estimates.  Invertebrate  abundance  was 
lower  in  1997  than  other  years  (x2  =  32.09, 
df  =  4,  P  <  0.001;  Smith  and  Moore  2005a: 
figure  1).  Sampled  biomass  in  1997  was  sig¬ 
nificantly  less  than  in  1998  (P  <  0.001),  1999 
(P  =  0.002),  and  2000  (P  =  0.03).  Further, 
there  was  a  significant  difference  between 

1998  and  2001  (P  =  0.01).  Redstarts  using 
our  site  in  1997  had  both  cold  weather  and 
depressed  prey  conditions. 

Even  as  1997  saw  the  poorest  conditions  of 
all  5  years  of  study,  the  following  year  ap¬ 
peared  the  most  favorable.  Ambient  air  tem¬ 
peratures  during  the  1998  arrival/passage  pe¬ 
riod  were  benign,  there  was  a  slight  advance¬ 
ment  in  leaf-out  of  aspen  throughout  the  study 
area  relative  to  all  other  years,  and  food  was 
more  abundant. 

Arrival  and  Passage. — Aspen  leaf  devel- 
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FIG.  1.  Annual  variation  in  arrival  for  breeding  (A)  and  nonbreeding  (B)  American  Redstarts  by  age  (C) 
and  gender  (D)  at  northern  Lake  Huron,  Michigan,  1997-2001.  Boxes  represent  mean  and  whiskers  represent 
±  1  SE.  Julian  date  140  =  20  May. 


opment  was  positively  related  to  arrival  day 
(r  =  —0.900,  n  =  5,  P  =  0.037),  although 
there  was  no  relationship  with  invertebrate 
biomass  on  arrival  day  (r  =  —0.100,  n  =  5, 
P  =  0.873).  The  relationship  between  arrival 
temperature  and  arrival  day  approached  sig¬ 
nificance  (r  =  —0.800,  n  =  5,  P  =  0.104), 
even  as  statistical  power  was  low  ((3  =  0.200). 


TABLE  1.  Average  daily  temperatures  by  year, 
northern  Lake  Huron,  Michigan.  All  means,  with  the 
exception  of  1998  and  2001,  are  different  (Kruskal- 
Wallace  ANOVA  x2  =  561.413,  df  =  4,  P  <  0.001; 
all  Dunn’s  Multiple  Comparisons  <  0.05). 


Year 

Average  temperature 
(°C) 

SE 

1997 

7.39 

0.56 

1998 

12.8 

0.08 

1999 

11.45 

0.11 

2000 

10.11 

0.10 

2001 

13.01 

0.09 

Year  (F4381  =  7.08,  P  <  0.001)  and  age 
(F2  381  =  38.48,  P  <  0.001),  but  not  gender 
(Fj  38i  =  0.88,  P  =  0.35),  influenced  when 
American  Redstarts  arrived  in  breeding  areas. 
There  were  no  significant  interactions  between 
independent  factors  (all  P’s  >  0.60).  Birds  ar¬ 
rived  earlier  in  1998  than  in  all  years  except 
2000  (Games-Howell  multiple  comparisons,  P 
=  0.39;  Fig.  1A)  and  older  birds  preceded 
younger  individuals  ( t  =  —8.46,  df  =  333,  P 
<  0.001;  Fig.  1C). 

The  capture  ratio  for  males  was  skewed  to¬ 
wards  SYs,  (x2  =  26.61,  df  =  1,  P  <  0.001) 
but  not  for  females  (x2  =  0.15,  df  =  1,  P  = 
0.75).  Younger  birds  of  both  gender  arrived 
significantly  later,  consequently  the  predomi¬ 
nance  of  SY  males  in  our  data  set  skewed  the 
overall  male  arrival  date  so  the  gender  effect 
was  not  statistically  significant  (Fig.  ID).  We 
further  examined  arrival  day  by  gender  within 
age  class  for  known  breeding  birds.  Males  of 
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TABLE  2.  Arrival  day  by  age  for  breeding  American  Redstarts,  northern  Lake  Huron,  Michigan.  Years  are 
pooled  (1997-2001)  and  dates  are  Julian;  Day  121  =  1  May,  Day  135  =  15  May.  Comparisons  made  using  t- 
tests. 


Mean 
arrival  day 

Range 

(days) 

Min 

Max 

SE 

n 

t 

df 

P 

ASY 

Female 

143 

19 

132 

151 

0.62 

42 

Male 

141 

31 

129 

160 

0.80 

100 

2.224 

135 

0.028 

SY 

Female 

151 

21 

140 

161 

0.92 

40 

Male 

147 

32 

130 

162 

0.57 

153 

2.824 

191 

0.002 

both  age  classes  (pooled  across  years)  preced¬ 
ed  females  by  ~3  days  (Table  2). 

Analysis  of  redstarts  classified  as  nonbreed¬ 
ing  also  indicated  that  year  (F4651  =  16.40,  F 

<  0.001),  gender  (FI651  =  9.06,  P  =  0.003), 
and  age  (F2  651  =  52.00,  P  <  0.001)  influenced 
when  an  individual  was  captured.  There  was 
a  significant  interaction  between  age  and  year 
(F6651  =  4.14,  P  <  0.001).  Birds  migrated 
through  later  in  1997  than  in  all  other  years 
(Games-Howell  multiple  comparisons,  all  P’s 

<  0.035)  and  earlier  in  1998  than  1997  (F  < 
0.001),  1999  (F  <  0.001),  and  2001  (F  = 
0.016),  but  not  2000  (F  =  0.22;  Fig.  IB). 
Males  preceded  females  ( t  =  —6.050,  df  = 
491,  F  <  0.001;  Fig.  ID)  and  older  birds  pre¬ 
ceded  younger  birds  ( t  =  —13.01,  df  =  491, 
F  <  0.001;  Fig.  1C). 

DISCUSSION 

Extrinsic  Factors. — The  timing  of  both  pas¬ 
sage  and  arrival  at  our  site  appeared  to  be  influ¬ 
enced  by  onset  of  spring.  Both  passage  birds 
and  those  individuals  arriving  to  breed  appeared 
at  our  site  later  during  a  cold,  food-poor  spring 
and  earlier  during  a  warm,  food-abundant  spring 
(Fig.  1A,  B).  Further,  there  was  a  relationship 
between  arrival  timing  and  aspen  leaf  develop¬ 
ment,  and  possibly  between  temperature  and  ar¬ 
rival  timing.  While  estimates  of  arthropod  abun¬ 
dance  were  unrelated  to  redstart  arrival  timing, 
invertebrate  abundance  correlated  with  leaf  de¬ 
velopment,  suggesting  that  leaf  development 
was  a  reasonable  proxy  for  fpod  abundance  dur¬ 
ing  the  arrival  period.  Nolan  (1978)  attributed 
some  variation  in  arrival  of  Prairie  Warblers 
(Dendroica  discolor)  in  breeding  areas  to 
weather.  More  recently,  Forchhammer  et  al. 
(2002)  found  a  strong  influence  of  regional  cli¬ 


mate  effects  associated  with  the  North  Atlantic 
Oscillation  on  spring  arrival  in  breeding  areas 
by  short-distance  migrants.  These  migrants  are 
thought  to  closely  track  advancement  of  spring 
(Hagan  et  al.  1991)  with  less  of  an  effect  on 
arrival  of  long-distance  migrants,  which  are 
thought  to  have  a  tighter  endogenous  program 
for  onset  of  migration  (Berthold  1996,  Gwinner 
2003).  Yearly  variation  in  arrival  timing  has 
also  been  demonstrated  for  male  redstarts  arriv¬ 
ing  in  breeding  areas  in  New  Brunswick,  al¬ 
though  no  attempt  was  made  to  relate  this  var¬ 
iation  to  environmental  conditions  (Lozano  et  al. 
1996). 

It  is  conceivable  that  redstarts  adjusted  mi¬ 
gration  rate  in  response  to  temperature  and 
food  abundance  encountered  en  route,  which 
in  turn  reflected  conditions  in  breeding  areas. 
Mpller  (1994)  demonstrated  annual  arrival 
variation  in  Barn  Swallows  ( Hirundo  rustica ) 
with  males  arriving  at  Denmark  breeding  ar¬ 
eas  later  during  cold  springs.  He  suggested 
that  birds  could  use  weather  patterns  to  gauge 
environmental  conditions  in  breeding  area  if 
those  patterns  operated  at  a  large  geographical 
scale.  More  recently,  Hiippop  and  Winkel 
(2006)  related  first  arrival  dates  of  European 
Pied  Flycatchers  ( Ficedula  hypoleuca)  to  tem¬ 
peratures  experienced  en  route.  They  conclud¬ 
ed  that  progression  of  spring  migration  may 
be  strongly  influenced  by  temperatures  as 
birds  move  north.  Weather  in  the  United 
States  is  often  impacted  by  passage  of  low- 
and  high-pressure  systems  affecting  large  ar¬ 
eas.  Consequently,  both  temperatures  and  on¬ 
set  of  spring  across  large  geographical  areas 
is  correlated,  as  has  recently  been  demonstrat¬ 
ed  in  eastern  North  America  by  Marra  et  al. 
(2005).  Further,  arthropod  abundance  is  cor- 
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related  with  onset  of  spring  (Ratte  1984; 
Smith  and  Moore,  unpubl.  data),  possibly  in 
response  to  increasing  daily  temperatures 
(Ratte  1984)  and/or  availability  of  leaves  as 
food  for  leaf-chewing  arthropods  (Tauber  et 
al.  1986). 

Intrinsic  Factors. — Differential  timing  of  mi¬ 
gration  and  arrival  by  age  and  gender  classes  at 
our  site  was  evident  in  both  redstarts  arriving  to 
breed  and  those  that  continued  migration  (Table 
2,  Fig.  1C,  D).  The  pattern  of  timing  was  con¬ 
sistent  regardless  of  breeding  status;  males  pre¬ 
ceded  females  and  ASY  birds  preceded  SY 
birds  in  both  migrants  and  breeders.  Similar  pas¬ 
sage/arrival  patterns  between  breeders  and  mi¬ 
grants  support  the  assumption  that  observation 
of  differential  passage  at  a  northerly  stopover 
site  (e.g.,  Francis  and  Cooke  1986,  Stewart  et 
al.  2002)  results  in  differential  arrival  at  the  mi¬ 
gratory  destination. 

Our  results  are  insufficient  to  evaluate  how 
intrinsic  factors  influence  arrival  in  northern 
Michigan.  There  are  a  number  of  possible' rea¬ 
sons  for  differential  arrival  by  age  and  gender. 
For  example,  differential  arrival  could  be  a 
consequence  of  classes  of  individuals  differ¬ 
entially  departing  wintering  areas  and/or  mi¬ 
grating  different  distances  (Ketterson  and  No¬ 
lan  1985,  Holberton  1993,  Cristol  et  al.  1999) 
or  at  different  speeds  (Hedenstrom  and  Pet- 
tersson  1987,  Ellegren  1990).  Age-  or  gender- 
related  dominance  asymmetries  might  also 
contribute  to  differential  arrival  if  subordi¬ 
nates  are  ‘forced’  into  suboptimal  habitats 
(Woodrey  1995,  Mabey  2002,  Moore  et  al. 
2003)  depressing  fat  deposition  rates  and 
overall  speed  of  migration.  Social  dominance 
by  age  and  gender  in  redstarts  has  been  dem¬ 
onstrated  during  fall  migration  (Woodrey 
1995),  and  wintering  (Marra  et  al.  1993,  Par¬ 
rish  and  Sherry  1994,  Marra  et  al.  1998,  Mar¬ 
ra  and  Holberton  1998)  and  breeding  periods 
(Sherry  and  Holmes  1997).  Finally,  there  is 
an  increasing  body  of  evidence  suggesting 
that  age-  and  gender-related  behavioral  asym¬ 
metries  in  American  Redstarts,  via  influencing 
winter  habitat  occupancy,  affect  northerly  de¬ 
parture  time  as  well  as  timing  of  arrival  in 
breeding  areas  (Marra  et  al.  1998,  Norris  et  al. 
2004,  Norris  and  Marra  2007). 

Redstarts  may  moderate  timing  of  passage 
and  arrival  in  response  to  environmental  fac¬ 
tors.  Furthermore,  ASY  and  SY  males  and  fe¬ 


males  respond  similarly  as  males  consistently 
preceded  females  and  older  birds  consistently 
preceded  younger  birds.  Questions  regarding 
the  ability  of  migratory  birds  to  moderate  tim¬ 
ing  and  rate  of  their  migrations  have  drawn 
considerable  attention  in  recent  years  in  view 
of  global  climate  change  (Both  and  Visser 
2001,  Winkler  et  al.  2002,  Cotton  2003,  Root 
et  al.  2003,  Strode  2003).  If  arrival  in  breeding 
areas  is  constrained  by  inflexible  endogenous 
migratory  programs,  as  suggested  for  some 
species  (e.g.,  Both  and  Visser  2001,  Hubalek 
2004),  migrant  reproduction  and  food  resourc¬ 
es  may  become  asynchronous  over  time,  lead¬ 
ing  to  lower  reproductive  success  (Both  and 
Visser  2001,  Winkler  et  al.  2002).  Many  long¬ 
distance  migrants  use  day  length  as  a  primary 
cue  for  onset  of  migration  (Gwinner  2003), 
and  modulating  rate  of  passage  may  be  the 
only  avenue  for  proximate  adaptation  to  tem¬ 
poral  changes  in  resource  availability.  A  num¬ 
ber  of  studies  have  shown  that  spring  arrival 
dates  for  some  long-distance  migrants  have 
advanced  with  spring  temperatures  during  the 
past  decades  (Both  and  Visser  2001,  Cotton 
2003,  Hiippopand  Hiippop  2003,  Root  et  al. 
2003),  but  there  is  also  evidence  that  early 
arrival  is  limited  by  as  yet  unidentified  factors 
(Both  and  Visser  2001,  Winkler  et  al.  2002). 
Strode  (2003)  suggests  that  passage  resource 
availability  may  be  delayed  relative  to  ad¬ 
vancing  availability  at  breeding  sites.  Further¬ 
more,  if  males  and  females  use  different  mi¬ 
gration  strategies  (Sandberg  and  Moore  1996), 
there  may  be  gender-specific  constraints  on  re¬ 
sponses  to  environmental  change.  Greater  at¬ 
tention  should  be  given  to  possible  changes  in 
migratory  timing  along  with  the  physiological 
and  environmental  constraints  migrants  have 
as  they  compensate  for  climate-driven  tem¬ 
poral  changes  in  resource  availability. 
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AN  INTERGENERIC  WOOD-WARBLER  HYBRID  ( MNIOTILTA 
VARIA  X  DENDROICA  CORONATA)  AND  USE  OF  MULTILOCUS 
DNA  ANALYSES  TO  DIAGNOSE  AVIAN  HYBRID  ORIGINS 

RACHEL  VALLENDER,1-3  JEAN-PHILIPPE  GAGNON,2  AND  IRBY  LOVETTE1 


ABSTRACT. — The  origin  of  hybrid  individuals  is  often  difficult  to  diagnose  from  phenotypic  characters,  and 
many  hybrids  may  go  unrecognized  because  they  are  morphologically  ambiguous  or  similar  to  one  of  the  parental 
species.  We  describe  an  unusually  well-characterized  intergeneric  hybridization  event  in  the  Parulidae,  and  use 
it  to  validate  DNA-based  diagnosis  of  the  parental  species.  Three  hybrid  wood-warbler  fledglings  resulting  from 
a  cross  between  a  male  Black-and-white  Warbler  ( Mniotilta  varia )  and  a  female  Yellow-rumped  Warbler  ( Den - 
droica  coronata)  were  discovered  in  2000  in  the  Montreal  Biodome  free-flight  aviary.  This  is  the  first  time  these 
two  species  have  been  known  to  hybridize.  Two  individuals  died  as  fledglings,  whereas  one  remains  alive  in 
the  Biodome  at  present,  providing  an  unusual  opportunity  to  describe  the  plumage  phenotype  of  a  hybrid  wood- 
warbler  across  age  classes  and  the  complete  annual  molt  cycle.  Diagnosis  of  this  hybrid  would  have  been  difficult 
using  traditional  methods,  as  its  plumage  appears  to  be  a  slightly  aberrant  Mniotilta ,  whereas  it  is  intermediate 
between  the  parental  species  in  mensural  and  song  characters.  We  compared  the  sequences  of  both  mitochondrial 
DNA  and  nuclear-encoded  intron  loci  to  a  comprehensive  data  base  from  nearly  all  Parulidae  and  confirmed  the 
hybrid’s  parental  species.  Received  20  March  2008.  Accepted  21  September  2008. 


Nearly  10%  of  all  non-marine  avian  species 
occasionally  or  regularly  hybridize  (Grant  and 
Grant  1992,  Allendorf  et  al.  2001,  McCarthy 
2006).  It  is  often  possible  to  use  Mendelian 
genetics  to  identify  the  inheritance  of  plumage 
characters  and  to  classify  individuals  as  either 
first,  second,  or  later  generation  hybrids  (e.g., 
Parkes  1951,  Graves  1993).  However,  due  to 
presumed  backcrossing  and  mating  of  hybrids 
with  parents,  many  hybrid  zones  contain  a 
wide  variety  of  phenotypic  characters  (Gill 
and  Murray  1972,  Parsons  et  al.  1993,  Vallen- 
der  et  al.  2007b).  Studies  of  wood-warbler  hy¬ 
brid  zones  (Rohwer  1994,  Vallender  et  al. 
2007b)  have  found  instances  of  cryptic  hy¬ 
bridization  where  plumage  analyses  may  lead 
to  erroneous  conclusions  regarding  the  par¬ 
entage  of  hybrids. 

Parental  diagnosis  is  even  more  difficult 
when  hybrid  individuals  result  from  rare 
crosses  involving  unknown  parents.  There 
have  been  at  least  69  suspected  hybrid  crosses 
within  the  North  American  wood-warblers  in¬ 
volving  62  species  (McCarthy  2006).  The  tax¬ 
onomic  distribution  of  suspected  hybridization 
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in  the  Parulidae  led  to  the  description  of  a 
pattern  now  termed  “Parkes’  Paradox”  (Gill 
1998):  the  possibility  that  wood- warblers  in 
different  genera  are  more  prone  to  occasional 
hybridization  than  are  congeneric  wood-war¬ 
blers  (Parkes  1978).  We  now  suspect  48  con¬ 
generic  crosses  and  21  hybrids  involving  par¬ 
ents  of  different  wood-warbler  genera  (Mc¬ 
Carthy  2006).  Most  of  these  crosses  are 
known  from  only  single  hybrid  individuals, 
but  several  pairs  of  congeners  commonly  in¬ 
terbreed,  e.g.,  Townsend  X  Hermit  warblers 
( Dendroica  townsendii  X  D.  occidentalis ), 
and  Golden-winged  X  Blue-winged  warblers 
( Vermivora  chrysoptera  X  V.  pinus),  and  have 
been  doing  so  for  up  to  100  years  (Gill  1980, 
Morrison  and  Hardy  1983).  Most  hybrids  ap¬ 
pear  to  be  fertile  and  show  little,  if  any,  re¬ 
productive  costs  associated  with  mixed  ge¬ 
nomes  (Rohwer  and  Wood  1998,  Vallender  et 
al.  2007a),  perhaps  due  to  their  close  phylo¬ 
genetic  relatedness  (Lovette  and  Bermingham 
1999,  2002;  Griffith  et  al.  2002;  Vallender  et 
al.  2007b).  Much  less  is  known  about  the  con¬ 
text  of  rare  hybrid  crosses  in  the  Parulidae,  or 
the  fitness  of  the  resulting  hybrid  offspring. 

Our  objective  is  to  report  an  unusual  hy¬ 
bridization  event  involving  captive  wood-war¬ 
blers  housed  within  the  Montreal  Biodome 
(Canada).  This  cross  between  a  female  Yel¬ 
low-rumped  Warbler  ( Dendroica  coronata) 
and  a  male  Black-and-white  Warbler  ( Mni - 
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otilta  varia )  involved  parents  from  deeply  di¬ 
vergent  lineages  within  the  Parulidae  (Lovette 
and  Bermingham  1999,  Lovette  and  Hochach- 
ka  2006),  which  have  diverged  in  reproductive 
behaviors  related  to  both  courtship  and  nest 
site  selection  (Kricher  1995,  Hunt  and  Flas- 
pohler  1998).  One  hybrid  offspring  survived 
to  maturity  in  captivity  and  we  described  that 
hybrid’s  phenotype,  including  its  full  sequence 
of  molts  and  its  song.  We  also  use  this  indi¬ 
vidual  to  validate  a  DNA  sequenced-based 
method  to  identify  both  maternal  and  paternal 
ancestry  of  Parulidae  hybrids  that  should  be 
generally  useful  in  investigations  of  hybrid 
birds. 

METHODS 

Hybridization  Context. — The  Montreal  Bio¬ 
dome  is  a  museum  exhibiting  live  indoor  rep¬ 
resentations  of  ecosystems  in  the  Americas, 
among  which  is  a  1,500  m2  representation  of 
the  mixed  deciduous  forest  in  the  Laurentians, 
an  ecoregion  north  of  Montreal.  Quebec,  Can¬ 
ada  (45°  31'  N,  73°  34'  W).  Captive  individu¬ 
als  of  seven  Parulidae  species  were  in  the  Lau- 
rentian  exhibit  during  the  2000  breeding  sea¬ 
son:  Black-throated  Blue  Warbler  ( Dendroica 
caerulescens,  2  males),  Yellow-rumped  War¬ 
bler  (1  female),  Black-throated  Green  Warbler 
(D.  virens.  1  female).  Common  Yellowthroat 
( Geothlypis  trichas,  1  male  and  1  female),  Ov- 
enbird  ( Seiurus  aurocapilla ,  1  male).  Northern 
Waterthrush  ( S .  noveboracensis,  1  male  and  1 
unknown  gender),  and  Black-and-white  War¬ 
bler  (1  male). 

A  recently  fledged  warbler  was  found  with¬ 
in  the  enclosure  on  1  July  2000.  Later  that 
day,  a  female  Yellow-rumped  Warbjer  was  ob¬ 
served  repeatedly  feeding  the  fledgling.  A 
male  Black-and-white  Warbler  was  observed 
feeding  the  fledgling  on  4  July  2000.  We  were 
able  to  confirm  the  presence  of  three  fledg¬ 
lings,  all  presumed  to  be  the  result  of  a  hy¬ 
bridization  event  between  the  male  Black-and- 
white  and  female  Yellow-rumped  warblers  ob¬ 
served  feeding  the  young.  A  nest  was  not  lo¬ 
cated. 

One  of  the  fledglings  was  found  dead  on  5 
July  2000  with  no  apparent  trauma  and  was 
disposed  following  standard  carcass  protocols. 
A  second  juvenile  hybrid  was  found  dead  on 
29  October  2000.  The  carcass  of  this  individ¬ 
ual  was  transferred  to  the  Canadian  Museum 


of  Nature  (CMN),  where  it  is  now  (specimen 
#  CMNAV  103925).  The  remaining  hybrid 
was  still  living  in  the  aviary  in  November 
2008. 

Plumage  Characteristics  and  Morphomet¬ 
ries. — We  described  the  plumage  of  the  sur¬ 
viving  hybrid  at  different  stages  of  its  life  cy¬ 
cle  following  the  terminology  of  Humphrey 
and  Parkes  (1959).  Color  descriptions  of  the 
plumages  were  characterized  using  Smithe 
(1975)  as  our  standard.  We  used  photographs 
taken  in  July  2000  to  describe  the  Juvenal 
plumage,  from  November  2000  for  the  Basic 
I  plumage,  and  April  2001  for  the  Alternate  I 
plumage.  We  described  the  Definitive  Alter¬ 
nate  plumage  by  direct  observations  of  the  liv¬ 
ing  bird. 

We  took  the  following  measurements  from 
the  living  Biodome  hybrid  in  2007  (as  an 
ASY  bird):  straightened  and  flattened  right 
wing  cord,  and  tail  length  (to  the  nearest  mm); 
bill  length  (culmen  to  tip)  as  well  as  right  tar¬ 
sus  and  hallux  (with  no  claw)  lengths  (to  the 
nearest  0.1  mm).  We  took  the  same  measure¬ 
ments  from  ASY,  male  Black-and-white  ( n  = 
16)  and  Yellow-rumped  warbler  (n  =  20) 
specimens  at  the  Cornell  University  Museum 
of  Vertebrates.  All  measurements  were  of 
male  individuals  in  the  collections  as  the  hy¬ 
brid  warbler  sings  and  is  therefore  male.  Mea¬ 
surements  were  made  with  digital  callipers, 
except  tail  and  wing  lengths,  which  were  mea¬ 
sured  with  a  ruler.  We  used  JMP  7.0  (SAS 
Institute  Inc.  2007)  to  conduct  a  principal 
components  analysis  (PCA;  correlation  ma¬ 
trix)  on  the  untransformed  variables  to  com¬ 
pare  the  hybrid  individual  to  the  two  parental 
species. 

Song  Characteristics. — Songs  of  the  hybrid 
were  recorded  within  the  Biodome  using  a 
Kensiko  microphone  directly  into  an  IBM 
Thinkpad.  SYRINX-PC  sound  analysis  soft¬ 
ware  (John  Burt,  University  of  Washington, 
Seattle,  WA,  USA,  www.syrinxpc.com)  was 
used  to  convert  recordings  into  spectrograms 
for  all  other  song  analysis  with  a  transform 
size  of  512,  Blackman  FFT,  a  bandwidth  from 
2.5  to  10  kHz  and  a  fixed-time  display  of  3 
ms/line. 

We  compared  features  of  the  hybrid  song  to 
characteristics  of  both  Black-and-white  and 
Yellow-rumped  warbler  songs  that  were  ob¬ 
tained  from  Quebec,  Ontario  or  New  York  (to 
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represent  the  nearest  regional  dialects  of  the 
captive  parental  individuals).  We  compared 
minimum  and  maximum  frequencies,  band¬ 
width,  song  duration,  total  number  of  syllable 
types  per  song,  total  number  of  each  syllable 
type  per  song,  and  time  to  maximum  ampli¬ 
tude  of  Black-and-white  and  Yellow-rumped 
warblers  to  the  hybrid  song  using  PCA  (Men- 
nill  2001).  The  Black-and-white  and  Yellow- 
rumped  warbler  songs  were  from  the  collec¬ 
tions  of  the  Macaulay  Library  of  Natural 
Sounds  at  Cornell  Laboratory  of  Ornithology 
(Black-and-white  Warbler  catalogue  recording 
numbers:  10510,  113513,  27196,  53172, 
65983;  Yellow-rumped  Warbler  catalogue  re¬ 
cording  numbers:  1  12110,  27155,  85244, 
93778,  9501). 

Genetic  Analyses-Parentage. — We  extract¬ 
ed  genomic  DNA  with  a  Qiagen  DNeasy  tis¬ 
sue  extraction  kit  from  a  toe  pad  sample  of 
the  CMN  specimen,  and  from  body  feathers 
taken  from  the  still-living  hybrid.  We  identi¬ 
fied  the  maternal  ancestry  of  the  hybrids  by 
amplifying  and  sequencing  the  entire  mito- 
chondrial-encoded  NADH  dehydrogenase 
subunit  II  (NDII)  gene  using  primers  METb 
and  TRPc  (Hunt  et  al.  2001).  We  sequenced 
the  Z-linked  nuclear  intron  Aconitase  intron 
9,  using  primers  AcolIOF  and  AcollOR2  (F.  K. 
Barker,  pers.  comm.)  to  identify  paternal  an¬ 
cestry. 

PCR  amplification  and  sequencing  of  the 
NDII  gene  followed  Dabrowski  et  al.  (2005), 
and  the  corresponding  intron  protocols  fol¬ 
lowed  Vallender  et  al.  (2007b).  DNA  extrac¬ 
tions  and  PCR  set-up  were  conducted  in  the 
degraded-DNA  facility  at  Cornell  Laboratory 
of  Ornithology  (Lovette  and  Rubenstein  2007) 
to  minimize  the  possibility  of  cross-contami¬ 
nation.  The  resulting  sequences  were  exam¬ 
ined  and  assembled  using  Sequencher  4.5 
(Genecodes),  and  aligned  by  eye  to  homolo¬ 
gous  sequences  from  one  or  more  represen¬ 
tatives  of  nearly  all  Parulidae  species,  includ¬ 
ing  all  taxa  present  within  the  Biodome  avi¬ 
ary,  as  well  as  all  that  breed  in  northeastern 
North  America  (Lovette  and  Bermingham 
1999,  2002;  Lovette  2004;  Lovette  and  Ho- 
chachka  2006;  I.  J.  Lovette,  unpubl.  data). 

Parental  species  identifications  were  made 
using  genetic  distances  matrices  and  neighbor¬ 
joining  trees  generated  in  PAUP*^  4.0  (Swof- 
ford  2002).  Maternal  ancestry  was  first  ascer¬ 


tained  via  the  maternally  inherited  NDII  locus. 
Paternal  ancestry  was  assessed  using  inferred 
paternal  alleles  at  the  aconitase  locus.  The  se¬ 
quence  of  this  intron  was  obtained  by  PCR 
directly  on  genomic  DNA,  and  bases  that  dif¬ 
fered  between  the  hybrid’s  parental  alleles 
were  resolved  as  heterozygotic  ambiguities. 
However,  this  individual’s  maternal  ancestry 
was  already  ascertained  via  the  NDII  sequence 
(and  by  direct  observation).  We  used  the  ref¬ 
erence  sequences  from  other  individuals  of 
that  maternal  taxon  to  identify  the  paternal  al¬ 
lele  by  subtraction  of  the  maternal  species’ 
nucleotide  characters  from  the  hybrid’s  het¬ 
erozygous  nucleotide  sites.  Intraspecific  nu¬ 
cleotide  variants  between  the  hybrid  mother 
and  the  maternal  species’  aconitase  reference 
sequences  would  be  incorrectly  assigned  to 
the  paternal  allele  using  this  approach;  this 
bias  is  likely  small  given  the  low  intraspecific 
diversity  of  this  intron  marker  in  other  pas¬ 
serine  bird  species  (e.g.,  Vallender  et  al. 
2007b). 

RESULTS 

General  Appearance. — Photographic  imag¬ 
es  of  the  still-living  hybrid  individual  in  Ju¬ 
venal,  Basic  I,  Alternate  I,  and  Definite  Alter¬ 
nate  plumages,  as  well  as  close-up  images  of 
the  rump  and  undertail  coverts,  are  archived 
with  The  Academy  of  Natural  Sciences— Vi¬ 
sual  Resources  for  Ornithology  (http://vireo. 
acnatsci.org/)  under  VIREO  catalogue  num¬ 
bers  g30/ 1/001  to  g30/l/006. 

The  hybrid  appears  morphologically  similar 
to  a  Black-and-white  Warbler  upon  initial  ex¬ 
amination  as  it  has  that  species’  distinct  breast 
streaking,  white  wing  bars,  and  general  col¬ 
oration.  The  hybrid  lacks  yellow  on  the  head 
and  under  the  wings,  and  the  bright  yellow 
rump  patch  characteristic  of  all  adult  Yellow- 
rumped  Warbler  plumages  is  present  only  as 
a  small,  indistinct  light  yellow  patch. 

Juvenal  Plumage. — The  crown  and  upper- 
parts  are  olive-brown.  The  median  crown  and 
supercilliary  stripe  are  buffy.  The  auriculars 
are  gray-brown,  and  there  are  faint  white  eye- 
rings.  The  underparts  are  dull  white,  while  the 
throat  and  the  sides  are  buffy.  There  is  heavy, 
olive-brown  streaking  on  the  flanks,  throat, 
and  breast.  The  undertail  coverts  are  white. 
The  wings  are  a  dull  blackish-brown;  the 
greater  and  median  wing-covert  edges  are  buf- 
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TABLE  1.  Morphometries  (mm)  of  Black-and-white  (n  =  16)  and  Yellow-rumped  warbler  (n  =  20)  speci¬ 
mens.  Measurements  from  the  hybrid  individual  are:  wing  =  72  mm,  tail  =  52  mm,  bill  =  10.2  mm,  tarsus  = 
19.9  mm,  and  hallux  =  8.6  mm. 


Character 

Black-and-white- Warbler 

Yellow-rumped  Warbler 

Range 

Mean  ±  SD 

Range 

Mean  ±  SD 

Wing 

66-71 

69.13  ±  1.15 

70-78 

73.15  ±  2.25 

Tail 

46-52 

49.94  ±  1.39 

54-60 

56.45  ±  1.61 

Bill 

10.1-12.9 

11.41  ±  0.81 

8.3-10.0 

9.22  ±  0.52 

Tarsus 

15.6-17.5 

16.31  ±  0.65 

16.1-19.3 

17.76  ±  0.86 

Hallux 

9.1-10.6 

9.88  ±  0.53 

6.7-8. 7 

7.58  ±  0.54 

fy  and  form  two  wing  bars.  Tertiary  edges  are 
buffy  white  except  for  the  proximal  tertial, 
which  is  entirely  dull-black.  The  tail  is  dull 
blackish-brown  with  some  indistinct  white  on 
the  inner  webs  of  rectrices.  The  bill  is  a  pink¬ 
ish-buff  color,  becoming  dusky  at  its  tip.  The 
iris  is  dark  brown.  The  legs  and  feet  are  both 
a  pinkish-buff. 

Basic  I  Plumage. — The  crown,  neck,  and 
auriculars  are  olive-brown  tinged  with  black. 
The  median  crown  and  supercilliary  stripes 
are  buffy  to  buff-brown.  The  individual  has  a 
complete  white  eye-ring.  The  nape  is  an  un¬ 
streaked  gray-brown.  The  upperparts  are  a 
buffy-gray  with  five  black  stripes.  The  rump 
has  a  pale  yellow  patch  with  the  uppertail  be¬ 
ing  black.  The  wings  are  brownish-black  with 
the  primaries  edged  with  buffy-brown.  The 
greater  and  median  covert  edges  are  white  and 
form  two  distinctive  wing-bars.  The  scapulars 
are  black  with  gray  margins.  The  underparts 
are  white,  and  the  chin  and  throat  are  un¬ 
marked.  The  sides  are  boldly  streaked  with 
black  becoming  thin  on  the  breast.  The  lower 
sides  are  buffy.  The  undertail  is  white  with 
some  black  streaks.  The  rump  is  gray  and 
streaked  black  with  a  light  yellow  patch.  The 
tail  is  brownish-black  with  the  two  outer  rec¬ 
trices  having  extensive  whitish-gray  patches 
on  the  inner  webs.  The  base  of  the  bill  is  pink¬ 
ish-buff,  but  becomes  grayish-black  at  the  tip. 
The  iris  is  black.  Both  the  legs  and  feet  are 
brown. 

Alternate  I  Plumage  (SY). — Overall,  the  hy¬ 
brid  is  strongly  patterned  with  black  and  white 
streaking.  The  crown  and  auriculars  are  black, 
while  the  median  crown  and  supercilliary 
stripes  are  white.  There  is  a  complete  white 
eye-ring.  The  nape  is  brownish-black.  The 
wings  are  black  with  two  distinctive  white 


wing-bars.  The  throat  and  underparts  are 
white  with  bold  black  streaks  on  the  sides  and 
upper  breast.  The  lower  sides  are  buffy.  The 
undertail  coverts  are  white  with  some  black 
streaks.  The  rump  is  black  with  a  light  yellow 
patch.  The  tail  is  black  apart  from  large  white 
patches  on  the  outer  rectrices  (the  distal  mar¬ 
gins  are  black).  The  bill  and  iris  are  black.  The 
legs  and  feet  are  brownish-black. 

Definitive  Alternate  Plumage  (ASY). — The 
overall  plumage  is  a  streaked  black  and  white 
pattern.  The  broad  median  crown  stripe  is 
white.  The  sides  of  the  crown  are  black.  The 
supercilliary  stripes  are  white,  extending  to 
the  nape.  The  white  eye-ring  contrasts  with 
the  black  feathers  of  the  lores  and  auriculars. 
The  nape  and  side  of  the  neck  are  gray  tinged 
with  buffy  color.  The  throat  and  breast  are 
white,  and  are  separated  by  a  thin  grayish 
stripe.  The  sides  are  white  with  broad  black 
streaks.  The  wings  are  black  and  have  two  dis¬ 
tinct  white  wing-bars.  The  distal  margins  of 
the  remiges  are  whitish  (the  largest  and  whit¬ 
est  margins  are  on  the  tertials).  The  undertail 
coverts  are  white  with  some  black  streaks.  The 
rump  is  black  with  a  light  yellow  patch.  The 
tail  is  black  with  distinctive  white  markings 
on  the  outer  rectrices.  Both  the  bill  and  iris 
are  black.  The  legs  and  feet  are  brownish- 
black. 

Morphometries. — All  morphometries  varied 
for  the  parental  species  (Table  1).  Axes  I  and 
II  in  the  PCA  explained  75  and  11%,  respec¬ 
tively,  of  the  variation  in  mensural  characters. 
The  parental  species  cluster  into  two  well-sep¬ 
arated  regions  with  no  overlap  when  the  pa¬ 
rental  taxa  museum  specimens  and  the  hybrid 
individual  are  plotted  on  these  axes  (Fig.  1). 
The  hybrid  individual  is  intermediate  and  out¬ 
side  of  either  parental  species’  region  of  the 
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FIG.  1 .  Bivariate  plot  of  factor  scores  from  a  prin¬ 
cipal  components  analysis  of  measurements  of  Black- 
and-white  Warblers  (O,  n  =  16  males),  Yellow-rumped 
Warblers  (•,  n  =  20  males),  and  the  Biodome  hybrid 
(+). 

ordination,  although  somewhat  closer  to  the 
Black-and-white  Warbler  region. 

Song  Characteristics. — Axes  I  and  II  in  the 
PCA  explained  40  and  23%,  respectively,  of 
the  variation  in  song  characters  between  the 
hybrid  individual  and  songs  from  the  parental 
species.  The  four  recorded  hybrid  songs  clus¬ 
ter  together  between  the  Yellow-rumped  and 
Black-and-white  warbler  songs,  completely 
outside  the  clusters  of  either  of  the  parental 
species’  songs  (Figs.  2,  3). 

Genetics-Parentage. — We  obtained  identi¬ 
cal  NDII  gene  sequences  from  the  toe-pad 
skin  sample  taken  from  the  CMN  specimen 
and  from  the  sample  taken  from  its  living  hy¬ 
brid  sibling.  The  NDII  haplotype  of  these  hy¬ 
brids  differed  at  two  nucleotide  positions  from 
the  NDII  sequence  previously  reported  (Lov- 
ette  and  Hochachka  2006)  from  D.  coronata 
(GenBank  accession  number  AY650223).  The 
close  match  to  the  known  D.  coronata  hap¬ 
lotype  and  the  dissimilarity  to  NDII  haplo- 
types  of  other  Parulidae  confirms  the  Yellow- 
rumped  Warbler  maternal  parentage  of  these 
hybrids. 

We  obtained  993  nucleotides  of  aconitase 
intron  9  sequence  from  the  still-living  hybrid. 
The  two  Z-chromosome  alleles  sequenced  to¬ 
gether  from  this  individual’s  genomic  DNA 
differed  from  one  another  at  24  nucleotide 
sites.  Comparing  these  variable  sites  against  a 
known  D.  coronata  sequence,  we  inferred  by 
subtraction  of  the  known  (maternal)  coronata 


1  3  3 

Time  (sec) 

FIG.  2.  Sonograms  of  the  (A)  Biodome  hybrid 
song,  (B)  Black-and-white  Warbler  song,  and  (C)  Yel¬ 
low-rumped  Warbler  song.  All  are  Type  I  songs  and 
were  recorded  in  the  same  general  region  as  the  Bio¬ 
dome  hybrid. 


FIG.  3.  Bivariate  plot  of  factor  scores  from  a  PCA 
of  song  characteristics  of  Black-and-white  Warblers 
(O,  n  =  5  males  X  5  songs/male  =  25),  Yellow-rum¬ 
ped  Warblers  (#,  n  =  5  males  X  5  songs/male  =-25), 
and  the  Biodome  hybrid  (+,  n  =  4  songs). 
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sequence,  the  likely  sequence  of  the  hybrid’s 
father.  The  closest  match  was  the  sequence 
from  a  known  Black-and-white  Warbler, 
which  differed  at  five  nucleotide  sites  from  the 
inferred  paternal  allele  of  the  hybrid.  The  next 
closest  match  (15  nucleotide  differences)  was 
the  Red-faced  Warbler  ( Cardellina  rubifrons ); 
all  other  Parulidae  taxa  differed  from  the  in¬ 
ferred  allele  by  >20  nucleotide  sites.  This  pat¬ 
tern  confirms  the  Black-and-white  Warbler  pa¬ 
ternal  ancestry  of  this  hybrid. 

DISCUSSION 

This  hybridization  event  in  a  captive  envi¬ 
ronment  provided  the  unusual  opportunity  to 
document  the  hybrid  offspring’s  phenotype 
through  several  annual  cycles.  The  hybrid 
identity  of  this  individual  would  be  difficult 
to  discern  without  information  on  its  history. 
It  would  likely  have  been  classified  as  a  fe¬ 
male  Black-and-white  Warbler  (Kricher  1995) 
had  it  been  captured  at  a  banding  station  dur¬ 
ing  migration. 

The  hybrid’s  song  was  intermediate  be¬ 
tween  the  songs  of  the  parental  species.  Most 
oscine  passerines  learn  major  components  of 
their  song  during  the  juvenile  period,  usually 
from  their  social  father  (Kroodsma  1982, 
Spector  1992,  Martin  et  al.  1995).  The  song 
is  not  stereotypically  like  that  of  a  Black-and- 
white  Warbler  suggesting  the  hybrid  likely 
learned  a  partial  song  from  a  nearby  neigh¬ 
bor  (Martin  et  al.  1995).  A  male  Yellow- 
rumped  Warbler  was  introduced  into  the  avi¬ 
ary  in  September  2000  and  it  is  possible  the 
hybrid  learned  part  of  its  song  from  that  in¬ 
dividual. 

The  intermediate  size  of  the  hybrid  in  com¬ 
parison  to  the  two  parental  species  is  consis¬ 
tent  with  the  expectation  that  morphological 
traits  have  high  heritability  and  are  affected 
by  additive  genetic  processes  (Graves  .1996). 
A  hypothesis  suggested  by  Graves  (1996)  in¬ 
dicates  the  extent  of  intermediacy  in  hybrid 
morphology  may  be  related  to  genetic  dis¬ 
tance  between  the  parental  species.  Thus,  we 
would  expect  closely  related  hybridizing  spe¬ 
cies  to  show  little  deviation  from  the  parental 
midpoint  (due  to  the  genomic  compatibility  of 
the  parental  species),  whereas  largely  diver¬ 
gent  species  would  produce  hybrids  with  de¬ 
creasing  phenotypic  intermediacy  until  the 
point  of  prezygotic  reproductive  isolation. 


The  Biodome  hybridization  event  is  further 
interesting  in  a  historical  context  because  it 
was  a  Mniotilta  X  Dendroica  hybrid  that 
Parkes  (1978)  used  to  present  his  paradoxical 
observation  of  a  tendency  towards  intergener¬ 
ic  hybridization  in  wood-warblers  and  other 
avian  groups.  Parkes  (1978)  hypothesized  that 
closely  related  species  are  more  likely  to  share 
similar  species-recognition  characters  and  re¬ 
productive  isolating  behaviors  than  are  more 
distantly  related  species.  Thus,  there  would  be 
stronger  reinforcement  selection  for  avoiding 
breeding  with  congenerics.  Under  Parkes’  sce¬ 
nario,  early  imprinting  and  avian  social  rec¬ 
ognition  are  primary  reasons  for  finding  dis¬ 
proportionately  many  cases  of  intergeneric  hy¬ 
bridization.  Although  intrageneric  Parulidae 
hybrids  may  be  more  common  (McCarthy 
2006)  than  known  by  Parkes  (1978),  this 
Montreal  Biodome  hybridization  follows  his 
expected  pattern. 

The  molecular  marker  diagnosis  approach 
used  is  readily  applicable  to  other  cases  of 
avian  hybrids  with  unknown  parents.  Natural 
hybrids  are  generally  encountered  rarely  by 
field  workers.  We  encourage  people  handling 
unusual,  potentially  hybrid  individuals  to  col¬ 
lect  the  bird  (when  legally  permissible)  to  re¬ 
tain  a  permanent  record  of  its  phenotype,  and 
to  preserve  a  tissue  sample  for  later  DNA 
analysis.  We  recommend  taking  a  blood  sam¬ 
ple  or  pulling  a  rectrix  for  genetic  analysis 
when  specimen  collecting  is  not  possible,  and 
recording  phenotypic  characters  with  photo¬ 
graphs  and  standard  morphological  measure¬ 
ments.  Hybrids  are  likely  to  be  encountered 
occasionally  and  unpredictably,  and  we  en¬ 
courage  individuals  or  institutions  which  band 
large  numbers  of  birds  to  request  advance  ap¬ 
proval  to  take  blood  or  feather  samples  from 
potentially  hybrid  captures.  We  encourage 
permitting  authorities  to  incorporate  specimen 
and  genetic  sampling  into  standard  protocols 
for  processing  unusual  but  evolutionarily  sig¬ 
nificant  hybrid  individuals. 
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HABITAT  FRAGMENTATION  AND  PATERNITY  IN  LEAST 

FLYCATCHERS 

MICHAEL  M.  KASUMOVIC,1-2-3  LAURENE  M.  RATCLIFFE,1 
AND  PETER  T.  BOAG1 


ABSTRACT. — We  examined  the  effect  of  habitat  fragmentation,  as  well  as  breeding  density  and  synchrony, 
on  realized  reproductive  success  of  male  Least  Flycatchers  ( Empidonax  minimus).  Both  breeding  density  and 
synchrony  were  similar  in  both  continuous  (6.75  males/ha,  3.40;  respectively)  and  fragmented  (4.04  males/ha, 
2.11;  respectively)  habitats,  and  no  morphological  or  territorial  variables  differed  between  males  in  either  habitat. 
The  number  of  nests  containing  extra-pair  offspring  was  lower  in  fragmented  habitat  (11%)  compared  to  the 
continuous  habitat  (50%).  Males  in  fragmented  habitat  attracted  secondary  mates  significantly  more  often  than 
males  in  continuous  habitat  (44%,  0%;  respectively)  resulting  in  similar  estimates  of  realized  reproductive  success 
in  either  habitat.  Although  habitat  fragmentation  does  not  appear  to  affect  realized  reproductive  success  of  male 
Least  Flycatchers,  we  suggest  that  males  of  this  species  demonstrate  a  facultative  shift  in  reproductive  tactics. 
Received  21  April  2008.  Accepted  17  September  2008. 


The  complexity  of  the  environment  can  in¬ 
fluence  extra-pair  paternity  (EPP)  rates  (West- 
neat  and  Sherman  1997)  as  it  can  alter  success 
of  which  females  foray  off  territory  and  the 
ability  of  males  to  successfully  guard  their 
mates  (Mays  and  Ritchison  2004).  Landscape 
fragmentation  can  also  alter  habitat  complex¬ 
ity  as  it  results  in  loss  of  original  habitat,  a 
decrease  in  patch  size,  and  increase  in  distance 
between  patches  (Wilcox  and  Murphy  1985). 
These  factors  are  thought  to  negatively  influ¬ 
ence  forest  songbird  species,  and  are  most  of¬ 
ten  associated  with  decreases  in  songbird  di¬ 
versity  (Schmiegelow  et  al.  1997,  Drolet  et  al. 
1999,  Trzcinski  et  al.  1999,  Hobson  and  Bay¬ 
ne  2000).  Changes  in  species  assemblages  can 
occur  quickly  (Stratford  and  Stouffer  1999), 
and  may  be  due  to  decreased  patch  size  and 
an  increase  in  edge  habitat  (Walters  1998). 
Greater  edge  habitat  has  the  potential  to  in¬ 
crease  predation  and  brood  parasitism  rates 
(Hoover  et  al.  1995,  Robinson  et  al.  1995), 
and  can  also  result  in  decreased  fitness  due  to 
lower  pairing  (Villard  et  al.  1993,  Van  Horn 
et  al.  1995,  Roberts  and  Norment  1999)  and 
fledging  success  (Roberts  and  Norment  1999). 

Researchers  studying  fragmentation  have 
not  examined  its  influence  on  the  EPP  rate. 
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Rates  of  EPP  are  altered  by  other  population 
dynamic  factors  including  breeding  synchrony 
and  density  (Westneat  and  Sherman  1997, 
Yezerinac  et  al.  1999,  Richardson  and  Burke 
2001).  Habitat  fragmentation  could  also  alter 
EPP  rates  as  it  alters  nearest  neighbor  dis¬ 
tances  and  population  density.  Fragmentation 
decreases  foray  rates  as  individuals  in  frag¬ 
mented  habitat  are  less  likely  to  cross  gaps  or 
enter  open  habitat  (Sieving  et  al.  1996,  Des- 
rochers  and  Hannon  1997,  St.  Clair  et  al. 
1998),  take  longer  to  travel  through  frag¬ 
mented  habitat  (Belisle  et  al.  2001),  and  return 
if  they  foray  off  territory  (Norris  and  Stutch- 
bury  2001).  This  can  lead  to  fewer  opportu¬ 
nities  for  intraspecific  encounters  and  fewer 
extra-pair  copulations  (EPCs).  Further  de¬ 
creases  in  EPP  rates  can  result  from  situations 
in  which  females  control  EPCs  or  primarily 
foray  off  territory  for  EPCs  (Mays  and  Ritch¬ 
ison  2004),  because  females  may  be  less  like¬ 
ly  to  leave  fragmented  habitats  than  males 
(Norris  and  Stutchbury  2002). 

Least  Flycatchers  ( Empidonax  minimus ) 
settle  in  clusters  which  are  all-purpose  terri¬ 
tories-  with  contiguous  borders  surrounded  by 
unused  habitat  (Tarof  et  al.  2005).  Previous 
research  in  Ontario  examining  males  settling 
in  continuous  habitat  has  shown  there  is  a 
high  rate  of  EPP  in  clusters  (37%  of  nestlings 
are  extra-pair)  with  62%  of  broods  containing 
at  least  one  extra-pair  offspring  (Tarof  et  al. 
2005).  Both  males  and  females  have  been 
seen  to  foray  off  territory,  possibly  in  search 
of  EPCs,  although  females  seem  to  control 
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(A) 


(B) 


FIG.  1 .  Fragmented  (A)  and  continuous  (B)  study  sites  showing  habitat  available  for  settlement  (light  gray) 
and  location  of  all  territories  of  Least  Flycatchers  (outlined  in  black). 


EPCs  by  either  allowing  or  denying  males  the 
opportunity  to  copulate  (Tarof  and  Ratcliffe 
2000).  Fragmentation  could  thus  have  a  large 
effect  on  this  species  since  males  could  no 
longer  form  contiguous  territories,  and  foray 
opportunities  for  EPCs  may  decrease. 

We  examined  EPP  rates  among  male  Least 
Flycatchers  breeding  in  continuous  versus 
fragmented  habitat  to  investigate  whether  var¬ 
iation  in  male  realized  reproductive  success 
(RRS,  total  number  of  descendant  young)  is 
influenced  by  fragmentation.  Our  objectives 
were  to  compare  the  EPP  rate  and  male  RRS 
between  continuous  and  fragmented  habitats. 
We  also  examined  whether  breeding  synchro¬ 
ny  and  density  differed  between  continuous 
and  fragmented  habitat  as  both  of  these  factors 
are  known  to  affect  EPP  rates  (e.g.,  Stutch- 
bury  and  Morton  1995,  Westneat  et  al.  1990). 

METHODS 

Study  Site. — This  study  was  conducted  in 
2000  and  2001  near  the  Queen’s  University 
Biology  Station  (QUBS)  south  of  Chaffey’s 
Lock,  Ontario,  Canada  (44°  34'  N,  76°  19'  W). 
The  two  sites  studied  were  at  Sydenham  Lake, 
—22  km  southwest  of  QUBS  and  Lake  Op- 
inicon,  —3.6  km  southwest  of  QUBS.  The 
proportion  of  habitat  available  for  settlement 
was  calculated  by  dividing  the  area  covered 
by  hardwood  forests  by  the  area  of  the  poly¬ 
gon  that  encompassed  the  entire  cluster.  Ap¬ 


proximately  71%  of  the  Lake  Opinicon  site 
was  covered  with  hardwood  forest  and  suit¬ 
able  for  settlement;  this  site  was  considered 
continuous.  Only  40%  of  the  Sydenham  Lake 
site  supported  habitat  available  for  settlement; 
this  site  was  considered  fragmented  (Fig.  1). 
Both  study  sites  were  comprised  of  the  same 
primary  tree  species,  and  had  similar  amounts 
of  canopy  cover  within  forested  areas  (Kasu¬ 
movic  2002). 

The  Lake  Opinicon  site  was  studied  in  2000 
and  the  Sydenham  Lake  site  in  2001.  Only  a 
single  site  could  be  studied  each  year  due  to 
the  intense  mist  netting  effort  required  to  sam¬ 
ple  the  majority  of  birds  in  a  cluster.  However, 
we  monitored  settlement  patterns  at  both  sites 
each  year.  Clusters  of  Least  Flycatchers  also 
settled  in  the  Lake  Opinicon  site  in  1999  and 
2001,  and  in  Sydenham  in  1999  and  2000;  no 
individuals  settled  at  the  Lake  Opinicon  site 
and  only  three  individuals  settled  at  the  Sy¬ 
denham  site  in  2002  (M.  M.  Kasumovic,  un- 
publ.  data.).  Only  4%  (4/98)  of  individuals 
banded  as  adults  in  a  previous  4-year  study 
returned  to  the  QUBS  area  (Tarof  2001),  sug¬ 
gesting  the  return  rate  is  low. 

Sampling  Methods. — Study  sites  were  sur¬ 
veyed  daily,  and  arrival  and  pairing  dates  of 
all  males  and  females  were  recorded.  Least 
Flycatchers  are  an  upper  canopy  species  in 
eastern  Ontario  (Tarof  et  al.  2005),  and  we 
used  mist  nets  attached  to  7-m  telescoping 
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poles  (Model  2324,  Mr.  Longarm,  Green¬ 
wood,  MO,  USA)  raised  into  the  canopy  to 
capture  individuals.  Approximately  200  net¬ 
ting  hours  were  spent  at  each  of  the  two  study 
sites,  using  a  combination  of  passive  netting 
near  nests  and  a  playback  lure  of  conspecific 
song  from  a  speaker  placed  below  a  model  of 
a  male  Least  Flycatcher.  Birds  were  banded 
with  a  Canadian  Wildlife  Service  numbered 
aluminum  band  and  a  single  plastic  colored 
leg  band.  All  banded  individuals  were  cap¬ 
tured  within  3  days  of  arrival  and  before  egg 
laying.  We  measured  the  tarsus  length  of  each 
individual.  Gender  of  individuals  was  initially 
ascertained  from  tarsus  length  (Pyle  1997), 
which  was  later  confirmed  by  behavior  (Tarof 
and  Ratcliffe  2000).  We  collected  5—30  p,L  of 
blood  from  the  brachial  vein  of  adults.  Nest¬ 
lings  that  survived  to  day  7  were  banded  with 
a  single  aluminum  band  and  5-15  pL  of  blood 
was  collected  from  the  tarsal  vein.  All  blood 
samples  were  stored  in  Queen’s  Lysis  buffer 
(Seutin  et  al.  1991). 

Nests  were  located  by  following  females 
during  nest  building  or  by  listening  to  females 
vocalize  from  the  nest  while  incubating  (Ka- 
sumovic  et  al.  2003b).  All  female  nesting  at¬ 
tempts  were  monitored,  and  nest  building  and 
clutch  initiation  dates  were  recorded.  Females 
required  a  minimum  of  4  days  to  complete 
nest  building  and  then  laid  a  single  egg  per 
day  to  clutch  completion.  All  accessible  nests 
were  monitored  each  or  every  other  day  until 
clutch  completion  using  an  extendable  mirror 
pole.  We  subtracted  the  number  of  eggs  from 
the  date  found  for  nests  found  after  clutch  ini¬ 
tiation  to  estimate  clutch  initiation  date.  We 
used  data  on  each  nesting  and  renesting  at¬ 
tempt  to  calculate  an  index  of  breeding  syn¬ 
chrony  for  each  female  (e.g.,  Westneat  and 
Gray  1998).  We  calculated  the  breeding  syn¬ 
chrony  index  by  counting  all  females  that  ini¬ 
tiated  egg  laying  in  the  period  extending  from 

2  days  prior  to  clutch  initiation  by  the  focal 
female  until  she  laid  her  final  egg. 

First  clutches  in  our  study  population  typi¬ 
cally  experienced  high  rates  of  natural  pre¬ 
dation  (Tarof  2001)  and  we  collected  entire 
first  clutches  the  day  after  clutch  completion 
(Environment  Canada  Permit  Number  CA- 
0088).  We  measured  success  as  clutch  com¬ 
pletion.  Typically,  females  began  to  re-nest  1— 

3  days  after  egg  removal,  and  no  subsequent 


clutches  were  collected.  Collected  eggs  were 
incubated  for  7  days  in  a  ©HOVA-BATOR 
incubator,  and  frozen  until  DNA  extraction 
later  within  the  laboratory.  We  considered  a 
family  complete  if  all  young  and  both  social 
parents  were  sampled,  and  partial  if  all  young 
and  only  a  single  social  parent  were  sampled. 

Spatial  Analyses. — All  territories  were 
mapped  using  Global  Positioning  System 
(GPS)  following  Tarof  et  al.  (2005).  Territory 
boundaries  were  smoothed  using  ‘heads-up 
digitizing’  in  AutoCAD  Map  2000  Release 
4.0  (Autodesk),  and  exported  into  ImageTools 
Version  3  (UTHSCSA  2002)  as  a  JPEG  file, 
where  territory  size,  perimeter,  and  centroids 
could  be  calculated.  Both  nearest  neighbor 
and  mean  neighbor  distances  were  calculated 
using  centroid  data  for  each  territory.  We  used 
two  different  methods  to  calculate  settlement 
density  within  each  cluster.  Overall  density 
was  calculated  by  creating  a  minimum  convex 
polygon  around  the  entire  cluster,  measuring 
the  area  of  this  polygon,  and  dividing  the 
number  of  territories  by  the  area  of  the  cluster. 
This  calculation  measured  the  density  of  in¬ 
dividuals  given  the  habitat  constraints.  The 
second  calculation  of  density  was  similar  ex¬ 
cept  that  all  habitat  unsuitable  for  settlement 
within  the  study  site  (e.g.,  marshes,  fields, 
lakes  etc.)  was  removed.  This  measure  gave 
an  estimate  of  the  density  standardized  for 
available  habitat,  which  could  be  compared 
between  study  sites. 

Paternity  Assignment. — DNA  was  extracted 
within  the  laboratory  and  four  loci  were  used 
to  analyze  paternity:  EMIZ1,  EMIZ27, 
EMIC23,  and  EMID46  (Tarof  et  al.  2001). 
DNA  amplification  followed  Tarof  et  al. 
(2005).  Paternity  was  analyzed  using  pro¬ 
grams  GERUD1.0  (Jones  2001)  and  CER- 
VUS2.0  (Marshall  et  al.  1998)  following  Ka- 
sumovic  et  al.  (2003a). 

Statistical  Analyses. — We  used  JMP  4.02 
and  SAS  Version  8  (SAS  Institute  Inc.  2000) 
for  all  statistical  analyses,  r-tests  were  used  for 
all  pair-wise  comparisons  involving  males  and 
clusters.  Paternity  (the  proportion  of  young  in 
a  nest  sired  by  the  male)  is  not  normally  dis¬ 
tributed  but  may  be  binomially  distributed. 
We  used  separate  logistic  models  (GENMOD 
in  SAS)  to  analyze  whether  there  was  a  dif¬ 
ference  in  the  EPP  rate  between  habitats  and 
whether  the  EPP  rate  was  correlated  with  hab- 
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itat  type,  territory  size,  and  tarsus  length. 
These  analyses  used  a  logit  link  and  assumed 
a  binomial  distribution.  We  used  a  General 
Linear  Model  (GLM)  to  analyze  whether  RRS 
was  correlated  with  habitat  type,  territory  size, 
and  tarsus  length.  We  used  linear  regressions 
to  examine  if  breeding  synchrony  was  asso¬ 
ciated  with  other  fertility  variables.  We  used 
a  General  Linear  Mixed  Model  (GLMM)  to 
examine  whether  there  was  any  correlation 
between  number  of  extra-pair  young  within 
the  nest,  and  the  length  of  the  female’s  fertile 
period  and  breeding  synchrony  only  in  the 
continuous  habitat  because  there  was  only  a 
single  case  of  EPP  in  the  fragmented  habitat. 
All  values  are  expressed  as  mean  ±  SE;  test 
statistics  were  considered  significant  at  a  = 
0.05.  We  provide  95%  Cl  for  all  non-signifi¬ 
cant  results. 


RESULTS 

The  overall  sex  ratios  were  1 :0.9  (malerfe- 
male)  in  the  continuous  cluster  and  1:1.2  in 
the  fragmented  cluster,  not  significantly  dif¬ 
ferent  from  1:1  or  from  each  other  (binomial 
test,  all  P  >  0.66).  Pairing  success  in  the  frag¬ 
mented  cluster  (78%,  7/9)  was  not  different 
(Fisher’s  exact  test,  P  =  0.37)  from  that  in  the 
continuous  cluster  (90%,  9/10).  We  calculated 
the  time  required  for  males  to  pair  by  sub¬ 
tracting  the  male’s  pairing  date  from  his  arriv¬ 
al  date.  Time  to  pair  did  not  differ  between 
habitats  (continuous:  6.9  ±  1.5  days;  frag¬ 
mented:  4.6  ±  1.1  days;  95%  Cl:  3.4-10.4 
days,  1.6-7. 6  days,  respectively;  t  =  0.84,  df 
=  13,  P  =  0.41).  Clutch  size  did  not  differ 
between  nests  in  continuous  (3.9  ±  0.2;  95% 
Cl:  3.7-4. 1)  versus  fragmented  habitat  (3.8  ± 
0.2;  95%  Cl:  3.2-4.3)  ( t  =  0.60,  df  =  16,  P 
=  0.55).  Four  males  in  the  fragmented  cluster 
attracted  a  second  mate  (44%;  4/9),  but  there 
were  no  instances  of  males  attracting  second 
mates  in  the  continuous  cluster  (0%;  0/10) 
(Fisher’s  exact  test,  P  <  0.001).  Only  two  of 
the  four  males  that  had  a  second  mate  were 
successful  in  producing  young  with  both 
mates. 

Mean  territory  area  and  perimeter  did  not 
differ  between  the  two  study  sites  (both  P  > 
0.05,  Table  1).  Overall  density  was  lower  in 
the  fragmented  site  due  to  significant  increas¬ 
es  in  nearest  neighbor  and  mean  neighbor  dis¬ 
tances.  The  mean  number  of  neighbors  per 
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territory  in  the  fragmented  habitat  was  also 
significantly  lower  due  to  the  decrease  in 
available  habitat. 

Eleven  males  were  genetically  identified  in 
the  continuous  cluster,  although  only  10  set¬ 
tled  within  the  cluster.  Nine  of  these  males 
successfully  paired,  and  one  male  remained 
unpaired.  The  last  male  was  not  observed 
within  a  territory  but  only  identified  as  a  fa¬ 
ther  in  one  of  the  nests,  and  was  therefore  not 
used  in  any  further  analyses.  We  sampled  10 
nests  in  the  continuous  cluster  (5  complete 
and  5  partial  families)  within  the  continuous 
site.  Nine  males  were  genetically  identified 
within  the  cluster  in  the  fragmented  site.  Sev¬ 
en  of  these  males  successfully  bred  (2  with 
second  mates),  one  pair  abandoned  their  ter¬ 
ritory  after  nest  collection,  and  two  males  re¬ 
mained  unpaired.  We  collected  eight  nests  (4 
complete  and  4  partial  families)  in  the  frag¬ 
mented  habitat.  All  nests  sampled  were  first 
nests.  All  young  were  assigned  paternity  from 
males  within  the  cluster,  except  for  a  single 
young  from  the  continuous  cluster  where  pa¬ 
ternity  was  assigned  to  the  unknown  male  that 
was  not  sampled.  We  collected  67  DNA  sam¬ 
ples  from  young;  37  from  the  continuous  clus¬ 
ter  and  30  from  the  fragmented  cluster.  Five 
of  10  (50%)  nests  in  the  continuous  cluster 
and  one  of  eight  (11%)  in  the  fragmented 
cluster  contained  extra-pair  young  (EPY). 
There  were  two  males  in  the  fragmented  clus¬ 
ter  with  two  females  each  and  we  combined 
each  of  their  nests  to  simplify  the  analysis. 
There  was  a  significant  difference  between  the 
number  of  EPY  in  the  different  habitats  in  our 
logistic  model  (x2  =  10.53,  df  =  14,  P  = 
0.0012).  There  were  multiple  extra-pair  fa¬ 
thers  for  some  nests  in  the  continuous  cluster, 
but  the  number  of  sires  did  not  differ  between 
clusters  (mean  ±  SE;  continuous:  1 .7  ±  0.3, 
fragmented:  1.1  ±  0.3;  t  =  1.46,  df  =  16,  P 
=  0.16).  All  but  one  of  the  extra-pair  sires  in 
the  continuous  cluster  were  immediate  neigh¬ 
bors.  The  only  extra-pair  sire  in  the  frag¬ 
mented  cluster  occurred  two  territories  and 
250  m  away. 

We  examined  the  relationship  between  the 
number  of  extra-pair  young  and  cluster,  terri¬ 
tory  area,  and  tarsus  length  using  GENMOD 
in  SAS.  Males  with  a  larger  tarsus  sired  more 
extra-pair  young  (x2  =  8.00,  P  =  0.005),  and 
there  was  a  non-significant  trend  towards  a 
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Realized  reproductive  success 

FIG.  2.  Distribution  of  male  realized  reproductive 
success  in  continuous  (black)  and  fragmented  (white) 
clusters.  Asterisks  represent  males  that  successfully 
produced  offspring  with  two  females. 

difference  in  the  number  of  extra-pair  young 
sired  by  males  between  habitats  (x2  =  2.80,  P 
=  0.09).  However,  there  was  no  effect  of  ter¬ 
ritory  size  on  the  number  of  extra-pair  young 
(X2  =  0.83,  P  =  0.36).  The  distribution  of 
RRS  for  the  continuous  and  the  fragmented 
cluster  varied  (Fig.  2).  We  used  a  GLM  to 
examine  whether  RRS  depended  on  cluster, 
territory  area,  and  tarsus  length.  Males  with  a 
larger  tarsus  had  greater  RRS  (x2  =  5.47,  P  = 
0.019).  There  was  no  effect  of  territory  size 
(X2  =  0.80,  P  =  0.37)  or  habitat  (continuous: 
3.6  ±  0.98,  fragmented:  4.0  ±  1.1;  95%  Cl: 
1.6-5. 6,  1. 4-6.9;  x2  =  2.18,  P  =  0.14)  even 
though  differences  between  habitats  were  in 
the  same  direction. 

There  was  no  difference  between  the  num¬ 
ber  of  eggs  within  the  nest  and  RRS  (2.8  ± 
0.5,  3.6  ±  0.9;  respectively)  ( t  =  0.79,  P  = 
0.44)  for  males  in  the  continuous  cluster,  al¬ 
though  there  was  an  increase  in  variance 
(0.78,  1.30;  respectively).  There  was  no  dif¬ 
ference  in  the  fragmented  habitat  between  the 
number  of  eggs  within  the  nest  and  RRS,  most 
likely  due  to  the  low  EPP  rate.  The  variance 
in  RRS  (2.45)  was  higher  in  the  fragmented 
habitat  than  the  continuous  habitat  due  to 
males  attracting  second  mates. 

Analysis  of  breeding  synchrony  was  based 
on  10  females  from  the  continuous  cluster  and 
nine  females  from  the  fragmented  cluster. 
Breeding  synchrony  did  not  differ  between  the 
continuous  (3^40  ±  0.47;  95%  Cl  2.41-4.39) 
and  fragmented  habitat  (2.1 1  ±  0.49;  95%  Cl 
1.07-3.15;  t  =  1.89,  df  =  17,  P  =  0.075).  We 
also  examined  whether  the  fertile  period  of 
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nests  that  contained  extra-pair  young  over¬ 
lapped  with  the  fertile  period  of  the  female  of 
the  extra-pair  sire.  Four  of  the  six  nests  that 
contained  extra-pair  young  did  not  have  over¬ 
lapping  fertile  periods.  Synchrony  in  both 
habitats  was  significantly  negatively  correlat¬ 
ed  with  laying  date  (r2  =  0.34,  Fl  n  =  8.79, 
P  =  0.009),  but  not  with  length  of  a  female’s 
fertile  period  (r2  =  0.056,  FI  U  =  1.01,  P  = 
0.33).  The  number  of  EPYs  was  not  correlated 
with  fertility  length  in  our  GLMM  (F  =  0.85, 
P  =  0.47)  or  breeding  synchrony  (F  =  2.08, 
P  =  0.20)  in  the  cluster  in  continuous  habitat. 

DISCUSSION 

Our  results  suggest  that  habitat  fragmenta¬ 
tion  can  potentially  influence  the  EPP  rate  of 
Least  Flycatchers  settling  in  continuous  and 
fragmented  habitats.  Our  EPP  results  from  the 
cluster  in  the  continuous  habitat  were  similar 
to  EPP  rates  in  four  other  clusters  in  2  pre¬ 
vious  years  (Tarof  et  al.  2005).  This  suggests 
a  high  EPP  rate  is  common  in  this  species 
when  males  settle  contiguously  in  continuous 
habitat.  In  contrast,  there  was  only  a  single 
instance  of  EPP  in  the  fragmented  habitat 
along  with  an  increase  in  the  rate  at  which 
males  attracted  second  mates.  Neither  pairing 
success  nor  time  to  pair  differed  for  males  in 
either  habitat,  suggesting  that  males  did  not 
differ  in  attracting  mates.  Males  in  either  hab¬ 
itat  did  not  differ  in  tarsus  length,  suggesting 
the  fragmented  habitat  does  not  contain  lower 
quality  males.  Male  success  at  siring  extra¬ 
pair  young  in  both  habitats  increased  for 
males  with  a  larger  tarsus;  males  in  both  hab¬ 
itats  performed  equally  in  all  aspects  of  breed¬ 
ing  success  that  we  were  able  to  measure. 
However,  due  to  egg  collection,  we  were  not 
able  to  identify  whether  predation  rates  or 
fledging  success  differed  between  habitats. 
Thus,  our  conclusions  regarding  reproductive 
success  should  be  regarded  with  caution. 
However,  these  factors  suggest  fragmentation 
has  few  negative  effects  on  mate  attraction 
and  clutch  size  in  this  species.  We  suggest  that 
habitat  type  affected  how  males  maximized 
RRS.  There  are  potential  year  effects  since 
clusters  were  studied  in  2  different  years,  but 
all  the  measured  variables  were  similar  to  pre¬ 
viously  published  values  for  this  species  (Tar¬ 
of  2001).  This  suggests  that  a  habitat  rather 
than  a  year  effect  is  more  likely  for  the  ex¬ 


planation  in  differences  in  EPP  and  secondary 
mate  attraction  rates. 

Differences  in  breeding  synchrony  and  den¬ 
sity  (Westneat  and  Sherman  1997)  are  possi¬ 
ble  explanations  for  differences  in  EPP  rates 
between  populations.  However,  breeding  syn¬ 
chrony  was  similar  in  both  habitats  suggesting 
it  is  not  the  main  explanation  for  the  decease 
in  EPP.  Four  of  the  six  extra-pair  sires  fertil¬ 
ized  females  outside  of  their  own  female’s  fer¬ 
tile  period,  suggesting  that  Least  Flycatcher 
males  attempt  extra-pair  fertilizations  when 
their  female  is  not  laying  eggs.  High  rates  of 
EPP  in  the  continuous  cluster  may  be  a  by¬ 
product  of  the  contiguous  borders  and  prox¬ 
imity  of  other  territories  (Westneat  and  Sher¬ 
man  1997),  as  extra-pair  young  are  usually 
sired  by  neighboring  males  (e.g.,  Yezerinac  et 
al.  1995,  Perreault  et  al.  1997).  Male  settle¬ 
ment  patterns  were  similar  in  both  clusters 
with  males  settling  as  near  as  possible  to  one 
another  given  available  habitat;  the  lone  ex¬ 
ception  was  a  single  male  in  the  fragmented 
cluster.  However,  density  decreased  and  near¬ 
est  neighbor  distance  increased  in  the  frag¬ 
mented  habitat  due  to  gaps  of  unsuitable  hab¬ 
itat  between  territories.  This  suggests  that 
even  when  settling  in  fragmented  habitat  there 
is  a  strong  propensity  for  Least  Flycatchers  to 
settle  near  one  another. 

The  EPP  rate  decreased  in  the  fragmented 
habitat,  while  the  rate  at  which  males  attracted 
a  second  mate  increased.  The  attraction  of  a 
second  mate  has  not  been  previously  docu¬ 
mented  in  other  Least  Flycatcher  clusters 
studied  in  continuous  habitat  in  southeastern 
Ontario  (Tarof  2001),  and  only  a  single  oc¬ 
currence  was  documented  in  over  125  nesting 
attempts  in  a  population  at  Delta  Marsh,  Man¬ 
itoba,  Canada  (Briskie  and  Sealy  1987).  Only 
three  instances  of  males  attracting  a  second 
mate  have  been  previously  observed  in  our 
study  population;  all  in  the  same  territory  in 
3  different  years  with  three  different  males. 
These  males  were  solitary  (no  other  Least  Fly¬ 
catcher  territories  within  500  m),  and  defend¬ 
ed  a  territory  larger  than  average,  which  was 
in  continuous  habitat  (M.  M.  Kasumovic,  un- 
publ.  data).  Males  with  second  mates  had  larg¬ 
er  than  average  territories  and  were  separated 
by  gaps  from  neighboring  males.  Therefore, 
attracting  second  mates  may  occur  where 
males  can  defend  sufficient  territory  to  accom- 
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modate  multiple  females.  Males  in  both  hab¬ 
itats  gained  similar  RRS  suggesting  fragmen¬ 
tation  does  not  appear  to  alter  mating  success 
in  this  species,  although  there  are  differences 
in  how  males  maintain  their  RRS.  Whether 
this  is  because  habitat  fragmentation  may  elic¬ 
it  a  facultative  change  in  Least  Flycatchers 
from  searching  for  EPCs  in  continuous  habitat 
to  attracting  secondary  mates  in  fragmented 
habitat,  or  because  male  strategies  are  the 
same  but  success  rates  of  attempted  EPCs  dif¬ 
fer  in  both  habitats  is  unknown. 

Most  studies  have  shown  that  forest  song¬ 
birds  usually  avoid  fragmented  habitat  or  set¬ 
tle  there  only  after  primary  continuous  habitat 
is  fully  occupied  (Matthysen  and  Currie  1996, 
Huhta  et  al.  1998).  Our  study  demonstrates 
that  Least  Flycatchers  settle  in  fragmented 
habitat  despite  the  availability  of  abundant 
continuous  habitat  nearby,  but  that  male  spac¬ 
ing  and  settlement  patterns  may  differ  due  to 
habitat  availability.  Our  results  suggest  that 
further  research  studying  EPP  rates  and  be¬ 
havior  in  birds  in  fragmented  habitat  may  help 
explain  why  birds  continue  to  settle  in  frag¬ 
mented  habitat,  and  how  individuals  attempt 
to  maximize  fitness  when  EPCs  are  more  dif¬ 
ficult  to  acquire. 
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PREVENTING  BIRD-WINDOW  COLLISIONS 

DANIEL  KLEM  JR1 


ABSTRACT. — Birds  behave  as  if  clear  and  reflective  glass  and  plastic  windows  are  invisible,  and  annual 
avian  mortality  from  collisions  is  estimated  in  the  billions  worldwide.  Outdoor  flight  cage  and  field  experiments 
were  used  to  evaluate  different  methods  to  prevent  collisions  between  birds  and  windows.  Stripe  and  grid  patterns 
of  clear  UV-reflecting  and  UV-absorbing  window  coverings  presented  an  effective  warning  that  birds  avoid  while 
offering  little  or  no  obstructed  view  for  humans.  Birds  used  UV-reflected  signals  to  avoid  space  occupied  by 
clear  and  reflective  sheet  glass  and  plastic.  Window  coverings  with  effective  UV-reflecting  and  UV-absorbing 
patterns  as  warning  signals  can  prevent  unintentional  killing  of  birds  from  collisions  with  windows.  One-way 
films  that  made  the  outer  surface  of  windows  opaque  or  translucent  were  successful  in  deterring  bird  strikes. 
Ceramic  frit  glass  consisting  of  a  visual  pattern  of  densely  spaced  0.32-cm  diameter  dots,  0.32  cm  apart  was  an 
effective  collision  deterrent.  Uniformly  covering  windows  with  decals  or  other  objects  that  are  separated  by  5 
to  1 0  cm  was  completely  or  near-completely  effective  in  preventing  strikes.  Twice  the  number  of  window  strikes 
occurred  at  non-reflective  sheet  glass  compared  to  conventional  clear  panes.  Continuous  monitoring  of  windows 
revealed  one  in  four  bird  strikes  left  no  evidence  of  a  collision  after  24  hrs  and,  without  continuous  monitoring, 
25%  of  bird  strikes  were  undetected.  Received  11  September  2008.  Accepted  19  January  2009. 


Avian  mortality  resulting  from  collisions 
with  clear  and  reflective  sheet  glass  and  plas¬ 
tic  is  estimated  to  be  in  the  billions  worldwide 
(Klem  1990,  2006).  Collisions  are  predicted 
and  expected  wherever  birds  and  windows  co¬ 
exist  (Klem  1989,  1990,  2006).  Birds  behave 
as  if  windows  are  invisible,  and  it  is  important 
to  prevent  this  unintended  killing,  estimated 
to  represent  the  largest  human-associated 
source  of  avian  mortality  except  habitat  de¬ 
struction  (Klem  2006,  2009a,  b).  The  diversity 
of  species  and  the  invisible  threat  suggest  that 
birds  in  general  are  vulnerable  to  windows, 
but  documented  casualties  of  species  of  spe¬ 
cial  concern  indicates  that  avian  mortality 
from  window  collisions  is  contributing  to  pop¬ 
ulation  declines  of  specific  species  and  birds 
in  general  (Klem  2009a,  b). 

I  evaluated  several  methods  to  prevent  bird 
strikes  at  windows  using  previously  effective 
outdoor  flight  cage  and  field  experiments 
(Klem  1989,  1990).  Most  preventive  treat¬ 
ments  examined  the  use  of  ultraviolet  (UV) 
signals  to  alert  birds  to  windows,  and  the 
availability  of  materials  affected  the  compo¬ 
sition  of  what  was  tested  in  each  experiment. 
The  ability  of  birds  to  avoid  clear  plastic  and 
the  ability  of  one-way  films,  fritted  glass,  and 
feathers  to  prevent  collisions  were  also  eval¬ 
uated.  Specifically,  I  tested:  (1)  clear  plastic 
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with  a  UV-absorbing  component,  (2)  single 
and  uniform  covering  of  multiple  UV-reflect- 
ing  maple  leaves,  (3)  a  string  of  colored  con¬ 
tour  feathers,  (4)  a  one-way  external  film  hav¬ 
ing  an  unobstructed  view  from  inside  and  an 
obstructed  view  of  dot  pattern  from  outside, 
(5)  a  ceramic  frit  glass  with  a  uniform  cov¬ 
ering  of  translucent  dots,  (6)  a  variety  of  UV- 
absorbing  stripe  patterns  created  by  plastic 
strips,  and  different  UV-absorbing  and  UV-re¬ 
flecting  complete  covering,  striped,  and  grid 
patterns  created  by  external  films. 

METHODS 

Flight  cage  and  field  experiments  were  con¬ 
ducted  on  a  0.2-ha  open  mowed  grass  subur¬ 
ban  backyard  surrounded  and  isolated  from 
neighbors  by  mature  shrubs  and  evergreens  in 
Upper  Macungie  Township,  Lehigh  County, 
Pennsylvania  (40°  34'  35"  N,  75°  34'  57"  W). 
Four  field  experiments  were  conducted  on  a 
2-ha  open  rural  area  of  mowed  pasture  bor¬ 
dered  by  second  growth  deciduous  forest  and 
shrubs  in  Henningsville,  Berks  County,  Penn¬ 
sylvania  (40°  27'  53"  N,  75°  40'  07"  W). 

Flight  Cage  Experiments. — These  tests 
were  conducted  from  1 3  March  to  30  April 
2004.  The  basic  design  was  reported  previ¬ 
ously  by  Klem  (1990)  and  consisted  of  a  trap¬ 
ezoidal  flight  cage  1.2  m  high,  3.6  m  in  length, 
and  0.3  m  wide  at  the  narrow  end  and  2.6  m 
wide  at  the  broad  end.  Five  Dark-eyed  Juncos 
(Junco  hyemalis),  one  White-throated  Spar¬ 
row  ( Zonotrichia  alhicollis),  and  one  House 
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Sparrow  ( Passer  domesticus )  were  captured  in 
March  for  use  as  subjects,  housed  in  small 
cages,  and  tested  from  mid-March  and 
throughout  April.  Except  for  the  House  Spar¬ 
row  which  was  an  adult  female,  age  and  gen¬ 
der  of  all  other  subjects  were  unknown;  pre¬ 
vious  studies  of  collision  casualties  document 
equal  vulnerability  for  all  age  and  gender  clas¬ 
ses  (Klem  1989). 

Individuals  were  released  from  a  holding 
box  at  the  narrow  end  and  forced  to  discrim¬ 
inate  between  left  and  right  flight  paths  as 
they  attempted  to  escape  to  wooded  evergreen 
habitat  visible  outside  the  broad  end  of  the 
cage.  One  half  of  the  cage  at  the  broad  end 
was  left  unobstructed  in  all  experiments.  The 
other  half  was  obstructed  by  clear  plastic  or 
objects  tested  to  prevent  bird  strikes.  During 
testing  of  a  subject,  the  obstructed  and  unob¬ 
structed  sides  were  changed  for  half  the  trials 
to  ensure  no  bias  flight  path  preference  for  one 
side  or  the  other.  Actual  clear  plastic  was  test¬ 
ed  with  two  Dark-eyed  Junco  subjects  to  learn 
if  they  were  capable  of  discriminating  be¬ 
tween  clear  plastic  and  unobstructed  airspace. 
Previous  studies  revealed  that  Dark-eyed  Jun¬ 
co  subjects  were  not  capable  of  discriminating 
between  clear  glass  and  unobstructed  airspace 
(Klem  1990),  Objects  tested  were  hung  on  the 
obstructed  side  with  clear  monofilament  line 
to  appear  as  if  taped,  stuck,  or  applied  as  a 
coating  to  clear  glass  or  plastic  to  prevent  ac¬ 
cidental  collision  injuries  to  subjects  in  sub¬ 
sequent  experiments.  No  Institutional  Animal 
Care  and  Use  Committee  existed  during  this 
study,  but  guidelines  for  the  care  of  wild  birds 
in  research  were  followed  (Gaunt  and  Oring 
1999).  All  subjects  were  released  unharmed  at 
the  end  of  the  experimental  period. 

Eight  flight  cage  experiments  were  con¬ 
ducted.  Each  experiment  tested  one  to  five 
subjects,  and  each  subject  flew  a  minimum  of 
10  trials  per  experiment  with  additional  trials 
(up  to  24)  to  clarify  results  (Table  1).  A  trial 
consisted  of  recording  a  subject  passing 
through  the  unobstructed  side  of  the  cage  or 
the  side  containing  the  object  tested.  If  the 
subject  chose  the  obstructed  side  it  was  scored 
as  a  window  strike;  if  the  subject  flew  through 
the  unobstructed  side  it  was  scored  as  avoid¬ 
ance.  Two  to  three  objects  were  evaluated  on 
any  test  day.  Individuals  were  tested  with  a 
single  object  on  any  one  test  day,  and  subjects 


tested  with  more  than  one  object  were  tested 
on  different  days.  The  objects  tested  were:  (1) 
clear  plastic  with  a  UV-absorbing  component, 

(2)  single  translucent  UV-reflecting  maple  leaf 
(WindowAlert  Decal)  measuring  10  X  10  cm; 

(3)  uniform  covering  of  12  UV-reflecting  ma¬ 
ple  leaves  as  in  #2,  placed  10  cm  apart  in 
vertical  columns  and  5  cm  apart  in  horizontal 
rows;  (4)  a  single  clear  monofilament  line  at¬ 
tached  to  the  quill  of  four  colored  (from  top: 
red,  blue,  yellow,  and  green)  contour  feathers 
(FeatherGuard®)  measuring  14.4—19.6  cm 
long  and  separated  by  33  cm;  (5)  0.32-cm 
thick  vertically  oriented  2.5-cm  wide  UV-ab¬ 
sorbing  plastic  strips  forming  stripes  separated 
by  10  cm;  (6)  vertically  oriented  2.5-cm  wide 
UV-absorbing  strips  forming  stripes  as  in  #5 
but  separated  by  5  cm,  (7)  2.5-cm  wide  UV- 
absorbing  plastic  strips  forming  stripes  as  in 
#5  but  horizontally  oriented  and  separated  by 
5  cm;  and  (8)  ceramic  frit  glass  uniformly 
covered  with  a  pattern  of  translucent-appear¬ 
ing  dots  0.32-cm  in  diameter  separated  by 
0.32  cm.  Binomial  tests  were  used  to  examine 
the  significance  of  each  experiment  (Siegel 
1956). 

Field  Experiments. — The  basic  design  of  all 
field  experiments  was  reported  previously 
(Klem  1989,  1990)  and  consisted  of  wood¬ 
framed  picture  windows,  accurately  simulat¬ 
ing  those  in  houses;  all  were  placed  in  the 
same  habitat  oriented  in  the  same  direction  1 
m  from  a  tree-shrub  edge  facing  an  open  field 
(Klem  1989:  figure  1).  Each  window  mea¬ 
sured  1.2  m  wide  X  0.9  m  high  and  was 
mounted  1.2  m  above  ground.  Plastic  mesh 
trays  were  placed  under  each  window  to  catch 
casualties.  Three  window  units  were  used  in 
the  first  and  second  experiments,  and  were 
separated  by  4.2,  3.8,  and  4.1  m.  Three  and 
seven  window  units  were  used  in  the  third  to 
sixth  experiments  separated  by  7.8,  7.4,  7.9, 
9.0,  7.4,  and  8.3  m.  A  single  platform  feeder 
measuring  30.5  cm  on  a  side  and  1.2  m  above 
ground  mounted  on  crossed  wooden-legs  was 
centered  and  placed  10  m  in  front  of  each  win¬ 
dow  to  simulate  a  feeding  station  at  a  rural 
residential  home.  Feed  consisted  of  a  1:1  mix¬ 
ture  of  black-oil  sunflower  seeds  and  white 
proso  millet.  All  feeders  were  kept  full 
throughout  each  experiment.  No  object  was 
permitted  at  the  same  window  on  consecutive 
days  for  all  experiments,  and  each  object  test- 
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TABLE  1.  Preventive  methods  used  in  outdoor  flight  cage  experiments  to  examine  avoidance  of  bird- 
window  collisions. 


Preventive  method 

Species  tested 

Number 

significantly 

Number  avoiding 

tested  method2 

Number  test 

trials  Avoidance 

Non¬ 

avoidance 

p 

Clear  sheet  plastic 

Dark-eyed  Junco 

2  0 

14 

8 

6 

0.395 

10 

6 

4 

0.377 

Single  UV-reflecting  maple  leaf  in  center  of  pane 

Dark-eyed  Junco 

5  1 

16 

15 

1 

<0.001 

17 

7 

10 

0.834 

10 

2 

8 

0.989 

15 

7 

8 

0.696 

10 

5 

5 

0.623 

Uniform  covering  of  12  UV-reflecting  maple  leaves,  10 
horizontal  rows 

cm  separating  2  vertical  columns,  5  cm  separating  6 

Dark-eyed  Junco 

4  2 

24 

18 

6 

0.011 

10 

4 

6 

0.828 

10 

2 

8 

0.989 

12 

10 

2 

0.019 

Feathers  on  monofilament  line 

Dark-eyed  Junco 

1  0 

18 

11 

7 

0.240 

White-throated  Sparrow  1  0 

10 

4 

6 

0.828 

UV-absorbing  2.5  cm 

wide  stripes  forming  vertical  columns  10  cm  apart 

Dark-eyed  Junco 

5  1 

10 

6 

4 

0.377 

10 

10 

0 

<0.001 

10 

8 

2 

0.055 

10 

6 

4 

0.377 

10 

7 

3 

0.172 

UV-absorbing  2.5  cm 

wide  stripes  forming  vertical  columns  2.5  cm  apart 

Dark-eyed  Junco 

5  3 

10 

10 

0 

<0.001 

10 

8 

2 

0.055 

10 

10 

0 

<0.001 

10 

8 

2 

0.055 

10 

9 

1 

0.011 

UV-absorbing  2.5  cm 

wide  stripes  forming  horizontal  rows  5.0  cm  apart 

Dark-eyed  Junco 

5  5 

10 

10 

0 

<0.001 

10 

10 

0 

<0.001 

16 

13 

3 

0.011 

15 

12, 

3 

0.018 

10 

10 

0 

<0.001 

Ceramic  frit  pane  with  translucent  dot  pattern,  0.32  cm 

diameter  dots  separated  by  0.32  cm  spaces 

Dark-eyed  Junco 

5  5 

10 

10 

0 

<0.001 

12 

10 

2 

0.019 

18 

13 

5 

0.048 

10 

10 

0 

<0.001 

10 

10 

0 

<0.001 

House  Sparrow 

1  1 

10 

9 

1 

0.011 

a  Binomial  tests  were  used  to  examine  if  results  of  10  to  24  trials  per  subject  differed  (P  <  0.05)  from  the  expected  equal  distribution. 
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ed  in  each  experiment  was  randomly  assigned 
and  moved  to  a  new  window  unit  daily.  Win¬ 
dows  were  checked  each  day  30  min  after  first 
light  and  checked  and  changed  daily  30  min 
before  last  light  for  all  experiments.  Windows 
were  covered  with  opaque  tarps  and  not  mon¬ 
itored  during  inclement  weather  such  as  high 
winds,  rain,  or  snow. 

The  parameter  measured  in  all  experiments 
was  the  number  of  detectable  bird  strikes.  A 
strike  was  recorded  when  either  dead  or  in¬ 
jured  birds  were  found  beneath  a  window,  or 
when  fluid  or  a  blood  smear,  feather,  or  body 
smudge  was  found  on  the  glass.  The  data  are 
likely  incomplete  and  conservative  because 
some  strikes  may  not  have  left  evidence  of  a 
collision  (Klem  1989,  1990,  Klem  et  al. 
2004).  Predators  and  scavengers  also  are 
known  to  remove  some  injured  or  dead  birds 
(Klem  1981,  Klem  et  al.  2004).  The  length  of 
each  experiment  was  ascertained  by  the  num¬ 
ber  of  recorded  strikes  required  to  statistically 
evaluate  the  differences  between  treatments. 
The  experiments  for  some  species  occurred 
during  non-breeding  and  migratory  periods, 
but  previous  studies  indicate  no  seasonal  dif¬ 
ference  in  the  ability  of  birds  to  avoid  win¬ 
dows  (Klem  1989). 

The  first  experiment  was  conducted  over  20 
days  from  5  to  27  December  2005  and  tested 
the  clear  glass  control,  non-reflective  clear 
glass  pane  exhibiting  no  glare  when  viewed 
from  any  angle,  and  the  same  plastic  strips 
and  spacing  used  in  flight  cage  experiment  #6; 
the  0.32-cm  thick  edges  of  the  plastic  strips 
were  visible  as  translucent  lines  except  when 
viewed  from  directly  in  front  of  the  window. 

The  second  experiment  was  conducted  over 
50  days  from  1  February  to  29  March  2006 
and  tested  the  clear  glass  control,  complete 
covering  of  a  commercially  available  clear 
UV-absorbing  film  supplied  by  CPFilms  Inc. 
(Martinsville,  VA,  USA),  and  the  same  clear 
UV-absorbing  film  cut  and  applied  as  2.5  cm 
wide  UV-absorbing  strips  forming  stripes  sep¬ 
arated  by  5  cm  of  clear  glass;  no  edgings  of 
the  strips  were  visible  from  any  angle  of  view. 

The  third  experiment  was  conducted  over 
90  days  from  22  November  2006  to  23  Feb¬ 
ruary  2007  and  tested  five  commercially 
available  exterior  window  films  by  CPFilms 
Inc.  UV  measurements  for  wavelengths  be¬ 
tween  300  and  380  nm  were  recorded  with  a 


Cary  5000  Spectrophotometer.  The  clear  glass 
control  transmitted  74.6%  UV  while  each  of 
the  films  absorbed  most  UV,  allowing  UV 
transmittance  of  0.13%  or  less.  Each  film  type 
reflected  8.8%  UV  or  less.  The  experimental 
windows  were:  (1)  clear  glass  control;  (2) 
complete  covering  of  clear  UV-absorbing  film 
applied  to  exterior  glass  surface  (UVC-O),  (3) 
same  as  #2  but  applied  to  interior  glass  sur¬ 
face  (UVC-I);  (4)  complete  covering  of  UV- 
absorbing  REX20  film  transmitting  20%  and 
reflecting  65%  visible  light,  having  a  high  re¬ 
flective  quality;  (5)  complete  covering  of  UV- 
absorbing  REX35  film  transmitting  35%  and 
reflecting  55%  visible  light,  having  a  high  re¬ 
flective  quality;  (6)  complete  covering  of  UV- 
absorbing  NEX1020  film  containing  a  metal¬ 
lic  layer  with  a  moderate  reflective  quality, 
and  (7)  complete  covering  of  UV-absorbing 
RK20  Rynar  film  with  a  low  reflective  quality. 

The  fourth  experiment  was  conducted  over 
50  days  from  10  March  to  3  May  2007  and 
retested  the  clear  glass  control,  UVC-O  film 
applied  as  2.5  cm  wide  vertically  oriented 
strips  forming  stripes  separated  by  2.5  cm 
clear  glass,  and  commercially  available 
CollidEscape  film  supplied  by  Large  Format 
Digital  Inc.  (Edgerton,  WI,  USA)  applied  to 
the  exterior  glass  surface,  permitting  a  rela¬ 
tively  unobstructed  view  looking  at  the  inside 
surface  of  a  covered  pane  and  a  completely 
obstructed  view  looking  at  the  outside  surface. 
Windows  covered  in  CollidEscape  appear  uni¬ 
formly  white. 

The  fifth  experiment  was  conducted  over  90 
days  from  29  October  2007  to  9  February 
2008  and  tested  a  new  clear  UV-reflecting 
film,  alone  and  in  combination  with  existing 
exterior  clear  UV-absorbing  film  from 
CPFilms  Inc.  The  new  clear  film  reflected 
80%  UV.  The  experimental  windows  were:  (1) 
clear  glass  control;  (2)  complete  covering  of 
clear  UV-reflecting  film  applied  to  exterior 
surface  (CUV-O);  (3)  same  as  #2  but  applied 
to  interior  glass  surface  (CUV-I);  (4)  2.5-cm 
wide  UV-reflecting  film  strips  forming  stripes 
oriented  vertically  and  separated  by  5  cm  UV- 
absorbing  film  strips  forming  stripes  oriented 
vertically  and  applied  to  the  outside  glass  sur¬ 
face  (S-1R);  (5)  5-cm  wide  UV-reflecting  film 
strips  forming  stripes  oriented  vertically  and 
separated  by  2.5  cm  UV-absorbing  film  strips 
forming  stripes  oriented  vertically  and  applied 
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to  the  outside  glass  surface  (S-2R-0);  (6) 
same  as  #5  but  applied  to  the  interior  glass 
surface  (S-2R-I);  and  (7)  a  grid  pattern  con¬ 
sisting  of  10-cm  wide  UV-reflecting  vertical 
columns  separated  by  2.5-cm  wide  UV-ab- 
sorbing  vertical  columns,  and  8-cm  wide  UV- 
reflecting  horizontal  rows  separated  by  2.5-cm 
wide  UV-absorbing  horizontal  rows  applied  to 
the  outside  glass  surface  (GRID). 

The  sixth  experiment  was  conducted  over 
50  days  from  29  February  to  25  April  2008 
and  retested  the  clear  glass  control  and  clear 
UV-reflecting  and  UV-absorbing  films  CUV- 
O,  S-1R,  and  S-2R-0. 

All  windows  were  continuously  monitored 
for  17  hrs  over  4  days  (6,  12,  24,  and  30  Jan 
2007)  during  the  fourth  experiment  to  learn  if 
strikes  occurred  without  leaving  any  visible 
evidence.  Additionally,  60  hrs  of  continuous 
observation  were  conducted  over  14  days  (11, 
13,  14,  17,  18,  21,  25,  and  28  Mar  and  3,  7, 
8,  10,  14,  and  15  Apr  2008)  during  the  sixth 
experiment  to  observe  active  avoidance  or 
failure  to  avoid  the  experimental  windows. 
The  flight  path  of  individual  birds  moving 
from  a  platform  feeder  toward  a  window  was 
recorded  and  assessed  as  active  avoidance  if 
the  bird  changed  direction  immediately  in 
front  and  passed  around  or  over  a  window. 

I  used  SPSS  (SPSS  Inc.  2006)  for  all  sta¬ 
tistical  analyses  of  the  field  experiments.  Chi- 
square  goodness-of-fit  was  used  to  evaluate 
experimental  results:  number  of  strikes  per 
treatment  compared  to  a  uniform  distribution 
of  strikes  across  all  treatments  per  experiment. 
Test  results  were  considered  statistically  sig¬ 
nificant  when  P  <  0.05. 

RESULTS 

Flight  Cage  Experiments. — Dark-eyed  Jun- 
cos  did  not  discriminate  between  clear  plastic 
and  unobstructed  airspace.  There  was  mixed 
discrimination  among  Dark-eyed  Juncos  and 
individual  White-throated  and  House  spar¬ 
rows  compared  with  other  preventive  methods 
evaluated  (Table  1).  Only  the  UV-absorbing 
2.5-cm  wide  horizontally  oriented  plastic 
strips  forming  stripes  separated  by  5  cm  and 
the  ceramic  frit  dots  uniformly  covering  the 
entire  window  resulted  in  statistically  signifi¬ 
cant  avoidance  for  all  subjects.  The  UV-re¬ 
flecting  maple  leaves  were  more  effective  in 
alerting  birds  to  a  barrier  when  applied  in 


enough  numbers  to  be  separated  by  10  cm  in 
vertical  columns  and  5  cm  in  horizontal  rows; 
a  single  UV-reflecting  maple  leaf  in  the  center 
of  a  window  was  ineffective  in  alerting  four 
of  five  subjects  to  the  presence  of  a  clear  win¬ 
dow  barrier. 

Field  Experiments. — Forty-two  strikes  were 
recorded  in  the  first  experiment;  17  (41%) 
were  fatal.  The  number  of  strikes  differed  sig¬ 
nificantly  across  all  treatments  with  14  (33%) 
at  the  clear  glass  control,  28  (67%)  at  the  non- 
reflective  glass,  and  none  at  the  vertically  ori¬ 
ented  2.5-cm  UV-absorbing  plastic  strips 
forming  stripes  separated  by  5  cm  (x2  =  28.0, 
df  =  2,  P  =  0.001).  Species  numbers  and  win¬ 
dow  at  which  fatalities  occurred  were:  two 
White-throated  Sparrows  and  three  House 
Sparrows  at  the  clear  glass  control;  and  four 
Northern  Cardinals  ( Cardinalis  cardinalis ), 
two  House  Finches  ( Carpodacus  mexicarius), 
four  White-throated  Sparrows,  and  two  Dark¬ 
eyed  Juncos  at  the  non-reflecting  glass. 

Fifty-five  strikes  were  recorded  in  the  sec¬ 
ond  experiment;  1 1  (20%)  were  fatal.  The 
number  of  strikes  differed  significantly  across 
all  treatments  with  35  (64%)  at  the  clear  glass 
control,  12  (22%)  at  the  complete  UV-absorb- 
ing  film  covering,  and  8  (14%)  at  the  verti¬ 
cally  oriented  2.5-cm  wide  UV-absorbing  film 
strips  forming  stripes  separated  by  5  cm  (x2 
=  23.2,  df  =  2,  P  =  0.001).  Species  numbers 
and  window  at  which  fatalities  occurred  were: 
two  Northern  Cardinals  and  one  Dark-eyed 
Junco  at  the  clear  glass  control;  two  White- 
throated  Sparrows,  two  Song  Sparrows  (Me- 
lospiza  melodia),  and  one  House  Sparrow  at 
the  complete  UV-absorbing  film  covering;  and 
one  White-throated  Sparrow,  one  Song  Spar¬ 
row,  and  one  House  Sparrow  at  the  vertically 
oriented  2.5-cm  wide  UV-absorbing  film  strips 
forming  stripes  separated  by  5  cm. 

One-hundred  and  ninety-four  strikes  were 
recorded  in  the  third  experiment;  20  (10%) 
were  fatal.  The  total  number  of  strikes  differed 
significantly  across  all  treatments,  with  51 
(26%)  at  the  clear  glass- control,  24  (12%)  at 
UVC-O,  20  (10%)  at  UVC-I,  30  (15%)  at 
REX20,  24  (12%)  at  REX35,  21  (11%)  at 
NEX1020,  and  24  (12%)  at  RK20  (x2  =  25.0, 
df  =  6,  P  <  0.001).  Species  killed  and  the 
windows  at  which  fatalities  occurred  were: 
one  White-throated  Sparrow,  one  American 
Tree  Sparrow  ( Spizella  arborea),  five  Dark- 
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eyed  Juncos,  and  two  House  Finches  at  the 
clear  glass  control;  one  Black-capped  Chick¬ 
adee  ( Poecile  atricapillus),  one  White-throat¬ 
ed  Sparrow,  two  House  Finches,  and  one 
Northern  Cardinal  at  UVC-O;  one  House 
Finch  at  UVC-I;  two  American  Tree  Sparrows 
at  REX20;  two  Dark-eyed  Juncos  at  REX35; 
and  one  Mourning  Dove  ( Zenaida  macroura) 
at  RK20. 

Seventy-seven  strikes  were  recorded  in  the 
fourth  experiment;  two  (3%)  were  fatal.  The 
total  number  of  strikes  differed  significantly 
across  all  treatments,  with  49  (64%)  at  the 
clear  glass  control.  27  (35%)  at  the  vertically 
oriented  2.5-cm  wide  UV-absorbing  film  strips 
forming  stripes  separated  by  5  cm,  and  one 
(1%)  at  the  CollidEscape  covered  window  (x2 
=  44.99,  df  =  2,  P  =  0.001).  Eight  (30%)  of 
the  27  strikes  at  the  window  with  the  UV- 
absorbing  film  stripes  occurred  over  film, 
there  were  14  (52%)  strikes  at  clear  glass  be¬ 
tween  film,  and  five  (18%)  strikes  included 
parts  of  both  film  and  non-film  areas;  there 
was  no  significant  difference  between  striped 
and  no  striped  impact  sites  (x2  =  1.64,  df  = 
1,  P  =  0.20). 

Eighty-six  strikes  were  recorded  in  the  fifth 
experiment;  13  (15%)  were  fatal.  The  total 
number  of  strikes  differed  significantly  across 
all  treatments  with  60  (70%)  at  the  clear  glass 
control,  eight  (9%)  at  CUV-O,  seven  (8%)  at 
CUV-I,  two  (2%)  at  S-1R,  one  (1%)  at  S-2R- 
O,  four  (5%)  at  S-2R-I,  and  four  (5%)  at  the 
GRID  (x2  =  219.23,  df  =  6,  P  <  0.001).  All 
13  fatalities  occurred  at  the  clear  glass  control 
and  were:  one  Black-capped  Chickadee,  one 
White-breasted  Nuthatch  (Sitta  carolinensis), 
two  House  Finches,  one  American  Goldfinch 
( Carduelis  tristis),  one  American  Tree  Spar¬ 
row,  and  seven  Dark-eyed  Juncos. 

Fifty-five  strikes  were  recorded  in  a  vali¬ 
dating  sixth  experiment  retesting  selected 
treatments  of  experiment  #5;  11  (20%)  were 
fatal.  The  total  number  of  strikes  differed  sig¬ 
nificantly  across  all  treatments,  with  38  (69%) 
at  the  clear  glass  control,  1 1  (20%)  at  CUV- 
O,  three  (5.5%)  at  S-1R,  and  three  (5.5%)  at 
S-2R-0  (x2  =  60.13,  df  =  3,  P  =  0.001).  Spe¬ 
cies  numbers  and  windows  at  which  fatalities 
occurred  were:  one  Black-capped  Chickadee, 
two  American  Tree  Sparrows,  and  five  Dark¬ 
eyed  Juncos  at  the  clear  glass  control,  and  two 


American  Tree  Sparrows  and  one  Dark-eyed 
Junco  at  CUV-O. 

Flight  paths  of  67  individual  birds  flying 
from  the  bird  feeders  toward  the  windows 
were  recorded  during  60  hrs  of  continuous  ob¬ 
servation  over  14  days  to  examine  the  move¬ 
ments  of  individuals  during  the  sixth  experi¬ 
ment.  Six  (55%)  of  11  individuals  flying  to¬ 
ward  the  clear  glass  control  moved  to  avoid 
and  five  (45%)  hit  the  window.  Fourteen 
(93%)  of  15  individuals  flying  toward  CUV- 
O  moved  to  avoid  and  one  (7%)  hit  the  win¬ 
dow.  All  24  individuals  flying  toward  S-1R 
moved  to  avoid  the  window.  Fifteen  (88%)  of 
17  individuals  flying  toward  S-2R-0  moved 
to  avoid  and  two  (12%)  hit  the  window.  One 
strike  in  four  left  no  evidence  of  a  collision 
lasting  24  hrs  based  on  17  hrs  of  continuous 
observation. 

DISCUSSION 

The  application  of  clear  and  reflective  UV- 
absorbing  films  to  the  exterior  of  windows  of¬ 
fered  some  protection  from  strikes  by  reduc¬ 
ing  the  deceptive  quality  of  reflections.  The 
use  of  clear  UV-absorbing  external  films  to 
create  stripe  patterns  had  mixed  results.  The 
incremental  use  of  0.32-cm  thick  plastic  strips 
used  to  form  stripes  and  then  external  films  in 
experiments  were  attempts  to  create  UV  sig¬ 
nals  to  learn  if  test  subjects  and  birds  flying 
in  the  wild  would  behave  as  if  they  could  see 
and  avoid  the  treated  panes.  All  attempts  to 
create  protective  patterns  visible  to  birds  using 
a  UV-absorbing  plastic  and  film  offered  a 
weak  UV-reflecting  signal,  no  greater  than 
13%  UV-reflectance.  A  new  clear  UV-reflect¬ 
ing  exterior  film  that  produced  a  UV-reflecting 
signal  with  80%  reflectance  offered  an  im¬ 
proved  opportunity  to  meaningfully  test  the 
utility  of  UV  signals  to  deter  bird-window 
collisions.  The  promise  of  UV  signals  serving 
to  alert  birds  to  danger  was  uncertain  given 
that  lower  wavelengths  of  UV,  blue,  and  pur¬ 
ple  colors  are  often  associated  with  attraction 
behavior,  sexual  selection,  and  finding  food 
(Burkhardt  1982,  Bennett  and  Cuthill  1994, 
Vitala  et  al.  1995,  Bennett  et  al.  1996,  Hunt 
et  al.  1998). 

Color  signals  used  by  birds  and  other  ani¬ 
mals  as  warnings  or  an  alert  to  danger  (apo- 
sematic  coloration)  are  most  often  in  the  upper 
visual  wavelengths  perceived  as  yellows,  or- 
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anges,  and  reds.  Supporting  the  questionable 
value  of  UV  signals  to  deter  window  strikes 
were  comparative  records  of  strike  rates  at 
wind  turbines  painted  with  UV-reflecting  and 
conventional  non-UV-reflecting  paints  (Young 
et  al.  2003).  Notwithstanding  the  ability  to  at¬ 
tract,  it  is  reasonable  to  suspect  that  UV  sig¬ 
nals  could  also  be  used  to  alert  birds  to  the 
presence  of  clear  and  reflective  sheet  glass  and 
plastic.  Repeated  validating  field  experiments 
supplemented  by  detailed  recording  of  avoid¬ 
ance  by  individual  birds  revealed  that  a  com¬ 
bination  of  UV-reflecting  and  UV-absorbing 
stripe  and  grid  patterns  were  effective  in  pre¬ 
venting  bird-window  collisions.  These  results 
document  that  birds  were  able  to  recognize  the 
window-covering  UV  stripes  and  grid  pattern 
as  barriers  to  avoid.  Applications  that  combine 
alternating  and  contrasting  UV-reflecting  and 
UV-absorbing  patterns  to  existing  clear  and 
reflective  windows  have  promise  of  prevent¬ 
ing  bird  strikes  while  offering  little  or  no  vi¬ 
sual  distraction  for  humans. 

The  results  of  both  flight  cage  and  field  ex¬ 
periments  provide  additional  confirmation  that 
birds  behave  as  if  clear  sheet  glass  and  plastic 
in  the  form  of  windows  are  invisible,  and  that 
several  methods  are  available  to  effectively 
prevent  bird-window  collisions.  The  clarity 
and  lack  of  any  visible  cues  best  explains 
twice  as  many  strikes  at  the  non-reflective 
glass  pane  compared  to  a  conventional  clear 
window.  These  findings  support  the  interpre¬ 
tation  that  decals  or  other  objects  such  as 
feathers  placed  on  or  hung  in  front  of  a  win¬ 
dow  are  ineffective  at  preventing  bird  strikes 
when  used  alone.  Increasing  their  numbers  so 
they  uniformly  cover  the  window  surface,  and 
separating  decals  or  strings  of  feathers  and 
beads  by  5  to  10  cm  provides  complete  or 
near-complete  avoidance. 

One-way  films  that  result  in  a  complete 
opaque  or  translucent  covering  when  viewed 
from  outside,  but  only  weakly  diminish  the 
view  from  inside,  were  expected  and  con¬ 
firmed  to  be  effective  strike  deterrents.  The 
uniformly  dense  dot  pattern  created  as  ceram¬ 
ic  frit  was  effective  in  alerting  birds  to  the 
presence  of  a  glass  barrier.  The  presence  of 
dotted  ceramic  frit  glass  in  the  science  build¬ 
ing  at  Swarthmore  College  in  Swarthmore, 
Pennsylvania,  USA  since  installation  has  ex¬ 
perienced  as  few  as  two  known  collisions  a 


year  (E.  C.  Everbach,  pers.  comm.).  This  same 
dotted  ceramic  frit  glass  has  experienced  no 
known  collisions  at  a  corridor  in  the  renovated 
science  building  on  the  campus  of  Muhlen¬ 
berg  College  in  Allentown,  Pennsylvania,  but 
a  dozen  collision  fatalities  have  been  docu¬ 
mented  at  conventional  clear  glass  panes  else¬ 
where  in  this  same  building  for  1  year  since 
installation  (DK,  pers.  obs.).  The  dot  or  other 
objects  creating  patterns  of  visual  noise  must 
be  placed  on  the  exterior  surface  of  windows 
to  be  visible;  exceptions  are  at  see-through 
sites  such  as  corridors  and  where  glass  walls 
meet  at  comers  and  where  protective  patterns 
will  be  visible  when  placed  on  interior  surfac¬ 
es. 

These  experiments  further  reveal  that  strike 
frequency  at  intensely  monitored  sites  is  likely 
to  be  incomplete  and  conservative  because 
some  impacts  may  not  leave  any  evidence  of 
a  collision.  Moreover,  predators  and  scaven¬ 
gers  may  have  removed  some  casualties  that 
were  not  detected  such  as  a  Northern  Shrike 
( Lanius  excubitor )  that  was  seen  taking  a  win¬ 
dow  casualty  during  the  final  field  experiment 
(Klem  1981,  Klem  et  al.  2004). 

Methods  using  UV  signals  to  alert  birds  to 
window  hazards  should  have  special  utility 
because  they  offer  visual  cues  in  wavelengths 
that  birds  are  known  to  see  but  humans  do  not 
(Burkhardt  1982,  Bennett  and  Cuthill  1994, 
Vitala  et  al.  1995,  Bennett  et  al.  1996,  Hunt 
et  al.  1998).  The  promise  of  using  UV  signals 
to  prevent  collisions  between  birds  and  win¬ 
dows  is  especially  relevant  to  architectural 
professionals  for  addressing  and  eliminating 
avian  injury  and  mortality  by  retrofitting  ex¬ 
isting  buildings  and  using  new  types  of  glass 
and  plastic  panes  in  new  construction. 
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NESTING  ECOLOGY  AND  REPRODUCTIVE  SUCCESS  OF 
LESSER  PRAIRIE-CHICKENS  IN  SHINNERY  OAK- 
DOMINATED  RANGELANDS 

DAWN  M.  DAVIS1-2 


ABSTRACT. — I  evaluated  the  effects  of  habitat  composition  on  Lesser-Prairie-Chicken  ( Tympanuchus  palli- 
dicinctus)  breeding  season  habitat  use  in  shinnery  oak  ( Quercus  havardii)- dominated  rangelands.  Female  Lesser 
Prairie-Chickens  selected  nest  sites  with  greater  visual  obstruction,  shrub  height,  shrub  cover,  and  litter  compared 
to  adjacent  rangeland  sites  with  most  ( n  =  21)  selecting  nest  sites  within  1  km  of  the  leks  on  which  they  were 
captured.  Successful  nests  were  in  areas  with  greater  visual  obstruction  and  were  characterized  by  greater  canopy 
cover  of  shrubs  than  at  unsuccessful  nests.  Nesting  habitat  did  not  appear  to  be  limited  on  the  study  area  and 
use  of  shinnery  oak-dominated  rangelands  did  not  reflect  poor  or  scarce  nesting  habitat.  Management  that  protects 
both  the  shrub  and  herbaceous  component  of  the  shinnery  oak  community  is  essential  for  maintaining  nesting 
habitat  for  Lesser  Prairie-Chickens  in  east-central  New  Mexico.  Received  14  July  2008.  Accepted  12  November 
2008. 


Lesser  Prairie-Chickens  (Tympanuchus  palli- 
dicinctus)  occupy  mid-grass  rangelands  charac¬ 
terized  by  shinnery  oak  (Quercus  havardii), 
sand  sagebrush  (Artemisia  filif olid),  and  mixed- 
grass  communities  in  five  states  within  the 
southern  Great  Plains.  This  species  has  experi¬ 
enced  significant  declines  throughout  its  range 
since  the  1 9th  century*  (Taylor  and  Guthery 
1 980).  Lesser  Prairie-Chickens  occupy  six  of  1 2 
counties  believed  to  comprise  their  historical 
distribution  in  New  Mexico  and  have  been  ex¬ 
tirpated  from  nearly  56%  of  their  historical 
range  (Bailey  and  Williams  2000). 

Nesting  and  brood  survival  have  been  iden¬ 
tified  as  the  two  most  critical  factors  associ¬ 
ated  with  prairie  grouse  demography  and  pop¬ 
ulation  size  (Bergerud  1988,  Peterson  and  Sil- 
vy  1996,  Wisdom  and  Mills  1997).  Under¬ 
standing  the  nesting  and  brood  ecology  of 
Lesser  Prairie-Chickens  is  critical  for  manag¬ 
ing  habitats  and  maintaining  viable  popula¬ 
tions  of  this  species.  The  general  habitat  re¬ 
quirements  of  Lesser  Prairie-Chickens  are 
well  documented  (Hagen  2005),  but  few  data 
are  available  on  their  habitat  use  in  shinnery 
oak-dominated  landscapes.  Information  on  the 
influence  of  shinnery  oak  cover  on  nest  suc¬ 
cess  and  brood  survival  is  lacking. 

1  New  Mexico  Department  of  Game  and  Fish,  1 
Wildlife  Way,  Santa  Fe,  NM,  87507,  USA. 

2  Current  address:  Department  of  Fish  and  Wildlife 
Resources,  University  of  Idaho,  P.  O.  Box  441136, 
Moscow,  ID  83844,  USA;  e-mail: 
dawn.davis@vandals.uidaho.edu 


Bailey  et  al.  (2000)  suggested  a  lack  of 
quality  nesting  habitat  (tall,  relatively  dense 
residual  cover  from  the  previous  growing  sea¬ 
son)  may  be  limiting  Lesser  Prairie-Chicken 
numbers,  and  could  be  responsible  for  the  his¬ 
torical  and  recent  decline  of  the  species  in 
New  Mexico.  Studies  in  New  Mexico  have 
described  vegetation  associated  with  nest  sites 
in  short-  and  mid-grass  prairies  co-dominated 
with  shinnery  oak,  but  habitat  characteristics 
influencing  habitat  use,  nesting,  and  brood 
success  have  not  been  previously  identified 
for  Lesser  Prairie-Chickens  occupying  shin¬ 
nery  oak-dominated  rangelands.  Shinnery  oak 
density  might  affect  the  level  of  use  by  Lesser 
Prairie-Chickens  (Cannon  and  Knopf  1981), 
but  the  threshold  of  shinnery  oak  cover  at 
which  use  by  Lesser  Prairie-Chickens  is  re¬ 
duced  or  ceases  has  not  been  assessed.  More 
information  is  needed  to  describe  the  optimal 
shinnery  oak  density  in  habitats  used  by  Less¬ 
er  Prairie-Chickens  and  its  effects  on  demog¬ 
raphy.  The  objectives  of  this  study  were  to: 
(1)  evaluate  nesting  habitat  within  the  core  of 
Lesser  Prairie-Chicken  range  in  east-central 
New  Mexico,  and  (2)  assess  whether  vegeta¬ 
tive  structure  is  related  to  nest  success. 

METHODS 

Study  Area. — The  Milnesand  Prairie  Pre¬ 
serve  (33°  69'  N,  103°  38'  W)  encompasses  75 
km2  of  private  rangelands  in  Roosevelt  Coun¬ 
ty,  New  Mexico.  The  primary  land  use  is  live¬ 
stock  production  and  the  dominant  vegetation 
is  shinnery  oak.  Other  common  woody  vege- 
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tation  includes  sand  sagebrush,  honey  mes- 
quite  ( Prosopsis  glandulosa),  cholla  ( Opuntia 
spp.),  broom  snakeweed  ( Gutierrezia  saroth- 
rae),  and  yucca  ( Yucca  spp.)-  Common  grass¬ 
es  include  sand  bluestem  ( Andropogon  halin'), 
little  bluestem  ( Schizachyrium  scoparium), 
dropseeds  ( Sporabolus  spp.),  grama  ( Boute - 
loua  spp.),  three-awn  ( Aristida  spp.),  and  buf- 
falograss  ( Buchloe  dactyloides ). 

Capture  and  Handling. — Female  Lesser 
Prairie-Chickens  were  trapped  during  March- 
April,  2004  and  2005  on  lek  sites  with  rocket 
nets  and/or  walk-in  funnel  traps  (Haukos  et  al. 
1990,  Schroeder  and  Braun  1991).  Females 
were  fitted  with  a  10-g  necklace  configuration 
radio  collar  (Telemetry  Solutions,  Concord, 
CA,  USA)  and  a  serially  numbered  aluminum 
leg  band.  Females  were  classified  as  yearlings 
(first  breeding  year)  or  adults  (after  first  breed¬ 
ing  year)  through  examination  of  outer  pri¬ 
maries  (Copelin  1963,  Campbell  1972). 

Females  were  monitored  once  per  week 
with  a  hand-held  3-element,  Yagi  antenna  and 
portable  receiver  throughout  the  breeding  sea¬ 
son  to  ascertain  habitats  used  for  nesting.  The 
female  was  approached  until  observed  on  the 
nest  when  monitoring  indicated  a  nest  had 
been  initiated.  Subsequently,  nesting  females 
were  monitored  remotely  (>25  m)  to  avoid 
disturbance. 

Nests  were  examined  to  ascertain  fate  once 
monitoring  revealed  a  female  had  moved  from 
the  nest  and  incubation  had  likely  ceased. 
Nests  were  classified  as  successful  if  >1  egg 
hatched.  Depredated  nests  were  distinguished 
from  successful  nests  by  the  presence  of  a 
firmly  attached  she'll  membrane  in  broken 
eggs  (Wallestad  and  Pyrah  1974).  Unsuccess¬ 
ful  females  were  monitored  to  identify  re¬ 
nesting  activities.  Broods  were  monitored 
three  times  per  week  until  a  breakdown  in 
brood  integrity  or  the  brood  was  lost.  Females 
were  considered  successful  if  >1  chick  sur¬ 
vived  to  1  August. 

Demographic  Parameters. — Measures  of 
demography  included:  nest  initiation  rate,  ap¬ 
parent  nest  success,  clutch  size,  probability  of 
renesting  following  depredation  or  abandon¬ 
ment  of  the  first  nest,  and  brood  success.  Date 
of  first  day  of  nest  incubation  was  estimated 
as  the  midpoint  between  consecutive  obser¬ 
vations  (Schroeder  1997).  Nest  initiation  rates 
were  defined  as  the  number  of  females  that 


initiated  nests  divided  by  the  total  number  of 
radio-marked  females  alive  at  the  onset  of  the 
nesting  season.  Apparent  nest  success  was  cal¬ 
culated  by  dividing  the  number  of  successful 
nests  by  the  total  number  of  nesting  females. 
Clutch  size  was  assessed  for  successful  nests 
after  hatching  by  examination  of  the  eggshell 
fragments.  Brood  success  was  obtained  by  di¬ 
viding  the  number  of  females  that  recruited 
>1  chick  to  1  August  by  the  total  number  of 
successful  nests. 

Habitat  Structure. — Habitat  sampling  at 
each  nest  was  performed  after  hatching  for 
successful  nests  and  after  the  predicted  hatch 
date  for  depredated  nests.  Vegetative  attributes 
at  nests  and  paired  random  points  within  an 
arbitrary  distance  of  200  m  from  the  nest  site 
were  measured  along  two  10-m  perpendicular 
transects  intersecting  at  the  nest  bowl  or  cen¬ 
ter  of  the  random  point,  respectively.  Tran¬ 
sects  were  positioned  along  each  cardinal  di¬ 
rection.  Nesting  habitat  was  apportioned  into 
a  3-m2  area  at  the  nest  (nest  site)  and  a  78-m2 
area  immediately  adjacent  to  the  nest  (nest 
area)  to  identify  the  scale  of  selection  of  veg¬ 
etative  features  by  Lesser  Prairie-Chickens. 
This  spatial  scale  was  selected  to  assess 
whether  nest-site  selection  was  based  on  veg¬ 
etative  structural  components  used  by  nesting 
female  Lesser  Prairie-Chickens  in  a  relatively 
small  area  at  the  nest  site  (within  a  1-m  ra¬ 
dius)  or  on  stand  characteristics  within  the 
surrounding  area  known  to  be  used  for  nesting 
(within  a  5-m  radius). 

Cover  of  grasses,  forbs,  bare  ground,  and 
litter  was  estimated  at  five  20  X  50-cm  quad¬ 
rat  frames  spaced  equidistantly  along  each 
transect  (Daubenmire  1959).  The  height  of  the 
shrub  and  tallest  droop  height  of  the  grass 
plant  (excluding  flower  stalks)  nearest  the  out¬ 
side  right  corner  of  the  frame  were  measured 
in  each  plot.  Canopy  cover  of  all  live  shrubs 
along  each  transect  was  quantified  using  the 
line  intercept  method  (Canfield  1941).  Visual 
obstruction  readings  (VORs)  and  angle  of  ob¬ 
struction  (Kopp  et  al.  1998)  were  recorded 
along  each  10-m  transect  oriented  N-S.  VORs 
were  taken  at  a  height  of  0.5  m  from  a  dis¬ 
tance  of  2  m  (Robel  et  al.  1970).  The  angle 
of  obstruction  was  assessed  by  measuring  an¬ 
gles  in  four  directions  (N,  E,  S,  W)  from  a 
point  10  cm  above  the  ground  to  the  top  of 
the  nearest  obstructing  vegetation. 
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Statistical  Analyses. — A  multivariate  anal¬ 
ysis  of  variance  (MANOVA)  model  was  de¬ 
veloped  for  each  spatial  level  (nest  sites,  nest 
areas,  and  random  locations)  to  identify  the 
scale  of  selection  of  vegetative  features  by 
nesting  Lesser  Prairie-Chickens.  Similar  com¬ 
parisons  were  made  between  successful  and 
unsuccessful  nests.  A  univariate  analysis  of 
variance  (ANOVA)  was  performed  on  each  of 
the  variables  (followed  by  Tukey’s  multiple 
comparison  test)  to  examine  differences 
among  means  for  each  variable  separately 
(Zar  1999:322),  if  preliminary  tests  detected  a 
significant  difference  in  habitat  structure 
among  nest  sites,  nest  areas,  and  random  sites 
(or  between  successful  and  unsuccessful 
nests).  Vegetation  variables  with  non-normal 
distributions  were  transformed  (arcsine  trans¬ 
formation  for  proportional  data  and  logarith¬ 
mic  transformation  for  height  data).  Means  ± 
SE  were  computed  from  non-transformed 
data.  Chi-square  analysis  was  used  to  assess 
effects  of  nest  cover  on  nesting  success  and 
to  test  whether  there  were  differences  between 
female  age  and  type  of  nest  cover  used  for 
nesting  (Zar  1999:488).*  Significance  was  de¬ 
fined  as  a  <  0.05  for  all  analyses. 

RESULTS 

Capture  and  Demographic  Parameters. — 
Twenty  Lesser  Prairie-Chicken  females  (four 
adults,  16  yearlings)  were  captured  on  leks 
and  fitted  with  radio  transmitters.  Observa¬ 
tions  of  three  females  in  consecutive  years 
were  considered  to  be  independent.  Thus,  23 
nests  were  examined  over  2  years.  The  aver¬ 
age  distance  (±  SD)  from  lek  sites  on  which 
females  were  captured  to  initial  nest  locations 
was  1.1  ±  0.7  km  ( n  =  21).  Females  nested 
an  average  of  237  ±  56  m  (n  =  3)  from  the 
preceding  year’s  nest. 


Nest  initiation  rate  was  100%  (21  of  21); 
this  sample  does  not  include  two  females 
killed  before  the  breeding  season.  Average 
date  of  initiation  for  nest  incubation  was  7 
May  in  2004  ( n  =  7;  range  =  3-9  May)  and 
25  April  (n  =  14;  range  =13  Apr-20  May) 
in  2005.  Clutch  size  varied  from  six  to  12 
eggs  for  successful  nests.  Overall  apparent 
nest  success  for  initial  nests  was  estimated  as 
76%  (16  of  21). 

Two  females  moved  1.2  and  2.4  km,  re¬ 
spectively  to  renest  and  established  the  second 
nest  within  1 3  ±  7  days.  The  probability  that 
females  renested  in  the  event  their  first  nest 
was  unsuccessful  was  50%  (3  of  6),  including 
one  female  that  renested  twice.  Renest  success 
was  33%  (1  of  3).  This  sample  did  not  include 
one  female  that  disappeared  due  to  either  a 
damaged  radio  transmitter  and/or  undetected 
movement  from  the  study  area. 

Location  data  were  collected  for  six  broods 
from  4  to  22  June  2004.  All  females  from  the 
radio-marked  sample  apparently  lost  their 
broods  within  14  days  post-hatch  in  2004;  this 
did  not  include  one  female  that  died  during 
the  brood-rearing  period.  Location  data  were 
collected  for  10  broods  from  23  May  to  1  Au¬ 
gust  2005.  Eight  of  10  (80%)  successful  fe¬ 
males  recruited  broods  to  1  August.  Overall 
brood  success  rate  was  50%  (8  of  16).  Re¬ 
nesting  accounted  for  only  6%  (1  of  16)  of 
total  broods  alive  on  1  August. 

Habitat  Structure. — Vegetative  characteris¬ 
tics  were  measured  at  seven  and  16  nests  in 
2004  and  2005,  respectively.  This  sample  does 
not  include  one  abandoned  nest  and  two  fe¬ 
males  that  died  prior  to  the  nesting  season. 
Measurements  also  were  also  recorded  at  23 
random  locations  during  the  two  nesting  pe¬ 
riods  (seven  in  2004,  16  in  2005).  No  attempt 
was  made  to  compare  habitat  characteristics 


TABLE  1.  Nest  success  and  nest  cover  used  by  radio-marked  female  Lesser  Prairie-Chickens  on  Milnesand 
Prairie  Preserve,  Roosevelt  County,  New  Mexico,  2004-2005. 


Nest  cover 


Little 

Shinnery  Oak  Snakeweed  Sand  Sagebrush  Yucca  Bluestem  Three-awn 

Fate  n  %  n  %  n  %  n  %  n  %  n  % 


Successful  4  17  2  86  25  14  14  2  8 

Depredated  282814000028 
Totals  6  25  4  16  7  33  1  4  1  4  4  16 
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TABLE  2.  Vegetation  at  nests  of  yearling  and 
adult  Lesser  Prairie-Chickens  on  Milnesand  Prairie 
Preserve,  Roosevelt  County,  New  Mexico,  2004- 
2005. 

Nest  cover 

Sand  Little 

Shinnery  Snake  Sage  Blue  Three- 

Age  of  hen  Oak  weed  brush  Yucca  stem  awn 

Yearling  ( n )  5  4  4  1  1  2 

Adult  (n)  1  0  3  0  0  2 

Totals  ( n )  6  4  7  1  1  4 

between  years  because  of  small  sample  sizes 
within  years. 

Females  used  a  variety  of  plants  as  nesting 
cover  including:  shinnery  oak  (n  =  6),  snake¬ 
weed  ( n  =  4),  sand  sagebrush  (n  =  7),  yucca 
(n  =1),  little  bluestem  (n  =  1),  and  three-awn 
(n  =  4).  Nest  success  did  not  appear  to  be 
influenced  by  nest  cover  (x2o.5,s  =  3.2;  P  = 
0.67;  Table  1),  nor  was  a  difference  detected 
between  age  of  female  and  cover  used  for 
nesting  (x2o.o5,5  =  4.2;  P  =  0.52;  Table  2). 
Shinnery  oak  and  sand  sagebrush  had  a  higher 
proportion  of  use  by  Lesser  Prairie-Chicken 
females  than  other  cover  at  nest  sites. 

Measures  of  habitat  structure  varied  de¬ 
pending  on  the  spatial  scale  evaluated  (Pillai’s 
trace  =  0.6;  F  =  3.1;  df  =  18,  118;  P  < 
0.001).  Lesser  Prairie-Chicken  nest  sites  had 
greater  visual  obstruction,  shrub  height,  shrub 
cover,  and  litter,  and  lower  forb  cover  and  bare 
ground  than  present  at  nest  areas  and  random 
locations  (Table  3).  Average  grass  height  and 
percent  grass  cover  were  similar  at  nest  sites, 
nest  areas,  and  random  points.  The  mean  an¬ 
gle  of  obstruction  at  random  sites  and  nest  ar¬ 


eas  was  21  ±  2  degrees  and  20  ±  1  degree, 
respectively,  whereas  the  angle  of  obstruction 
was  1 1  ±  1  degree  at  nest  sites.  Females  se¬ 
lected  sites  with  structurally  more  closed  hab¬ 
itat  for  nesting. 

Vegetative  structure  varied  at  successful 
and  depredated  Lesser  Prairie-Chicken  nest 
sites  and  nest  areas  (Pillai’s  trace  =  1.0;  F  = 
2.0;  df  =  27,  108;  P  =  0.01).  Successful  nest 
sites  had  greater  visual  obstruction  and  shrub 
cover,  and  less  bare  ground  than  nest  areas 
and  depredated  nests  (Table  4).  Nest  areas  and 
depredated  nest  sites  were  characterized  by 
more  open  habitat  (greater  angle  of  obstruc¬ 
tion)  than  successful  nest  sites.  Mean  grass 
height  and  percent  herbaceous  cover  were 
similar  between  successful  and  depredated 
nests  (Table  4). 

DISCUSSION 

Lesser  Prairie-Chickens  on  my  study  area 
selected  nest  sites  with  more  shrub  cover  and 
visual  obstruction  than  random  locations,  sug¬ 
gesting  females  select  nest  sites  with  more 
cover  and  taller,  denser  stands  of  vegetation. 
Nests  associated  with  tall  bunchgrasses  and 
shrub  cover  have  been  found  to  be  more  suc¬ 
cessful  than  nests  in  other  vegetation  (Wisdom 
1980,  Riley  et  al.  1992).  Other  studies  also 
reported  greater  canopy  cover  of  shrubs  and 
grasses  at  Lesser  Prairie-Chicken  nests  com¬ 
pared  to  surrounding  vegetation  (Flaukos  and 
Smith  1989,  Riley  et  al.  1992,  Giesen  1994, 
Pitman  2003). 

Nest  initiation  rates  from  this  study  (100%) 
were  similar  to  those  reported  in  other  telem¬ 
etry  studies  of  Lesser  Prairie-Chickens  (i.e.. 


TABLE  3.  Habitat  characteristics  (x  ±  SE)  at  nest  sites,  area  immediately  surrounding  nests  of  radio-marked 
Lesser  Prairie-Chickens,  and  random  locations,  Milnesand  Prairie  Preserve,  Roosevelt  County,  New  Mexico, 
2004-2005. 

Habitat  characteristic 

Nest  site 
(n  =  23) 

Nest  area 
(n  =  23) 

Random  (n  =  23) 

F 

P-value 

VOR,  dm 

4.7  ±  0.3 

3.8  ±  0.12 

4.0  ±  0.2 

4.0 

0.02 

Shrub  height,  cm 

40.7  ±  2.3 

33.2  ±  1.42 

32.6  ±  1.8 

5.0 

0.01 

Shrub  cover,  % 

42.0  ±  2.6 

35.1  ±  1.47 

30.1  ±  1.7 

9.2 

<0.001 

Grass  height,  cm 

22.2  ±  2.4 

21.6  ±  1.59 

21.5  ±  1.5 

<0.1 

0.96 

Grass  cover,  % 

14.0  ±  3.5 

10.0  ±  1.76 

11.0  ±  1.5 

0.2 

0.83 

Forb  cover,  % 

1.9  ±  0.5 

3.1  ±  0.48 

4.6  ±  0.8 

7.1 

<0.001 

Bare  ground,  % 

5.7  ±  2.4 

14.8  ±  1.95 

20.5  ±  3.0 

15.7 

<0.001 

Litter,  % 

61.4  ±  4.9 

47.8  ±  3.92 

42.5  ±  2.8 

6.2 

<0.001 

Angle  of  obstruction,  degrees 

10.5  ±  1.2 

19.5  ±  0.85 

21.3  ±  1.5 

22.8 

<0.001 
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TABLE  4.  Habitat  characteristics  (x  ±  SE)  at  successful  and  depredated  Lesser  Prairie-Chicken  nest  sites 
and  nest  areas  on  Milnesand  Prairie  Preserve,  New  Mexico,  2004-2005. 


Nest  site 


Nest  area 


Successful  Depredated  Successful  Depredated 

Habitat  characteristic  (n  =  16)  (n  =  7)  (n  =  16)  (n  =  7)  F  P-value 


VOR.  dm 

5.1 

4- 

0.3 

4.0 

±  0.6 

3.8 

4- 

0.1 

3.9 

±  0.3 

4.8 

0.01 

Shrub  height,  cm 

41.3 

+ 

2.7 

39.5 

±  4.9 

34.1 

± 

2.0 

31.3 

±  1.2 

2.6 

0.06 

Shrub  cover,  % 

44.0 

3.2 

37.5 

±  4.2 

36.6 

-+- 

1.9 

31.6 

±  1.4 

2.9 

0.04 

Grass  height,  cm 

19.8 

2.8 

27.7 

±  4.0 

20.6 

4- 

2.0 

23.9 

±  2.5 

1.4 

0.27 

Grass  cover,  % 

12.6 

3.5 

17.1 

±  8.5 

7.8 

+ 

1.8 

15.1 

±  3.6 

0.8 

0.50 

Forb  cover,  % 

1.8 

0.7 

2.1 

±  1.0 

2.5 

+ 

0.5 

4.5 

±  1.0 

2.7 

0.06 

Bare  ground,  % 

4.6 

+ 

1.8 

8.1 

±  7.0 

14.9 

4- 

2.3 

14.6 

±  4.0 

5.6 

<0.001 

Litter,  % 

65.7 

5.6 

51.5 

±  8.2 

50.2 

+ 

4.2 

42.3 

±  8.7 

2.7 

0.06 

Angle  of  obstruction,  degrees 

9.4 

1.3 

13.1 

±  2.2 

19.7 

± 

1.1 

18.9 

±  1.2 

13.8 

<0.001 

81-100%  of  females  attempted  to  nest)  (Riley 
et  al.  1992,  Giesen  1994,  Pitman  2003).  How¬ 
ever,  Lesser  Prairie-Chickens  on  my  study 
area  had  higher  nesting  success  (76%)  com¬ 
pared  to  the  average  nest  success  rates  of  28% 
(range  =  0—67%)  compiled  from  10  studies 
by  Giesen  (1998). 

All  nests  on  my  study  area  were  within  the 
shinnery  oak  ecological  community  (Peterson 
and  Boyd  1998)  and  nest  site  selection  did  not 
appear  to  be  related  to  t!ge  of  females.  Lesser 
Prairie-Chickens  become  more  dependent  on 
shrubs  for  nesting  cover  where  residual  herba¬ 
ceous  cover  is  less  abundant  (Sell  1979,  John¬ 
son  et  al.  2004).  Lesser  Prairie-Chickens  in  my 
study  may  have  used  shinnery  oak  for  nesting 
because  it  was  abundant,  and  had  both  overhead 
and  horizontal  cover.  My  data  suggest  nesting 
habitat  was  not  limited  on  the  study  area  and 
Lesser  Prairie-Chicken  use  of  shinnery  oak- 
dominated  rangelands  might  not  reflect  poor  or 
scarce  nesting  habitat.  It  appears  that  Lesser 
Prairie-Chickens  have  the  ability  to  adapt  to 
structural  changes  in  species  composition  and 
density  of  shrubs  and  grasses  within  shinnery 
oak  habitats,  but  show  a  preference  for  sites 
with  abundant  herbaceous  cover. 

Annual  variation  in  reproductive  success  may 
have  a  significant  impact  on  Lesser  Prairie- 
Chicken  populations  (Hagen  2003).  Clutch  sizes 
documented  in  my  study  were  extremely  vari¬ 
able  (range  =  6-12  eggs).  These  differences 
may  be  attributed  to  the  difficulty  in  estimating 
clutch  size  precisely  (eggs  were  counted  post¬ 
hatch  and  counts  may  have  been  low  as  egg 
shells  may  have  been  removed  by  predators). 
Chick  survival  of  Lesser  Prairie-Chickens  is 


also  highly  variable  but  averages  39%  (Davison 
1940,  Copelin  1963,  Merchant  1982,  Jamison 
2000,  Pitman  2003).  Chick  survival  was  not  di¬ 
rectly  measured  in  my  study,  but  brood  success 
was  low  with  complete  loss  of  broods  in  the 
radio-marked  sample  occurring  within  the  first 
2  weeks  post-hatch  in  2004  with  an  overall 
brood  success  of  only  50%. 

Nest  sites  on  the  Milnesand  Prairie  Preserve 
were  typically  within  1  km  of  the  lek  sites  on 
which  females  were  captured.  Distances 
moved  from  lek  sites  to  nest  locations  may  be 
an  important  consideration  for  Lesser  Prairie- 
Chickens,  but  nest-site  fidelity  might  be  of 
even  greater  importance,  particularly  to  eval¬ 
uate  impacts  of  land-use  changes  on  Lesser 
Prairie-Chicken  habitats.  Maintaining  a  bal¬ 
ance  between  shrubs  and  herbaceous  cover 
should  be  the  management  objective  within 
the  shinnery  oak  ecological  community. 
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BEHAVIOR  AND  REPRODUCTIVE  SUCCESS  OF  ROCK 
SANDPIPERS  BREEDING  ON  THE  YUKON-KUSKOKWIM  RIVER 

DELTA,  ALASKA 

MATTHEW  JOHNSON,1'5  JESSE  R.  CONKLIN,2  BRANDEN  L.  JOHNSON,1 
BRIAN  J.  McCAFFERY,3  SUSAN  M.  HAIG,1  AND  JEFFREY  R.  WALTERS4 


ABSTRACT. — We  studied  Rock  Sandpiper  ( Calidris  ptilocnemis )  breeding  behavior  and  monitored  repro¬ 
ductive  success  from  1998  to  2005  on  the  Yukon-Kuskokwim  River  Delta,  Alaska,  USA.  We  banded  24  adults 
and  monitored  45  nests.  Annual  return  rate  of  adults  ranged  between  67  and  100%.  Six  pairs  of  Rock  Sandpipers 
bred  at  our  study  site  for  £2  years,  and  among  these  we  did  not  observe  mate  change  (i.e.,  when  both  members 
of  a  pair  returned  and  each  mated  with  a  new  individual).  Nests  were  typically  initiated  by  mid-May  and  53% 
of  females  laid  second  clutches  if  first  clutches  were  lost  through  mid-June.  Males  regularly  incubated  clutches 
during  the  morning  (0800-1259  hrs  AKDT)  and  afternoon  (1300-1759  hrs)  and  rarely  during  the  evening  (1800- 
2300  hrs),  whereas  female  incubation  was  relatively  consistent  throughout  the  day.  Apparent  nest  success  (per¬ 
cent  of  known  nests  successfully  hatching  >1  chick)  among  first  and  second  nests  was  19  and  44%,  respectively 
(, n  =  45).  A  minimum  of  44%  of  hatching  nests  fledged  at  least  one  young.  Males  cared  for  young  but  half  of 
females  deserted  mate  and  brood  1-7  days  post-hatch.  This  first  description  of  North  American  Rock  Sandpiper 
breeding  behavior  from  a  color-marked  population  complements  previous  work  on  this  species  on  the  Chukotsky 
Peninsula,  Russia.  Received  21  January  2008.  Accepted  30  August  2008. 


The  Rock  Sandpiper  ( Calidris  ptilocnemis ) 
is  one  of  the  most  polytypic  shorebird  species 
in  the  family  Scolopacidae  (Charadriiformes) 
and  has  one  of  the  most  northerly  nonbreeding 
distributions  of  all  shorebirds.  It  is  the  only 
breeding  species  endeifiic  to  Beringia  with 
recognized  subspecies  (AOU  1957)  and  is 
generally  considered  to  form  a  superspecies 
with  Purple  Sandpiper  (C.  maritima)  of  the 
north  Atlantic  (Conover  1944,  Cramp  and 
Simmons  1983,  Sibley  and  Monroe  1990). 
Rock  Sandpipers  are  distinct  among  North 
American  shorebird  species  as  they  exhibit  an 
intraspecific  leapfrog  migration  pattern  (Bo¬ 
land  1990).  C.  p.  quarta  and  C.  p.  couesi  are 
essentially  sedentary  with  the  latter  undertak¬ 
ing  temporary  movements  in  response  to 
harsh  climatic  conditions  (Fig.  1,  Gill  et  al. 
2002).  C.  p.  ptilocnemis  is  a  short-  to  inter¬ 
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mediate-distance  migrant  that  moves  between 
breeding  sites  on  Bering  Sea  islands  and  non¬ 
breeding  sites  in  upper  Cook  Inlet  and,  to  a 
lesser  extent,  along  other  shorelines  from  the 
Alaska  Peninsula  south  to  the  Alexander  Ar¬ 
chipelago  (Gill  and  Tibbitts  1999,  Gill  et  al. 
2002).  In  contrast,  some  populations  of  C.  p. 
tschuktschorum  undertake  annual  round-trip 
flights  of  7,000  km  (Gill  et  al.  2002).  How¬ 
ever,  understanding  timing  of  migration  and 
specific  routes  is  complicated  by  subspecies 
having  partially  sympatric  molting  and  win¬ 
tering  areas  (Gill  et  al.  2002). 

There  have  been  few  studies  of  Rock  Sand¬ 
piper  breeding  behavior  in  North  America  (Han¬ 
na  1921,  Miller  1996,  Gill  et  al.  2002,  Johnson 
and  McCaffery  2004),  and  none  with  color- 
marked  individuals.  Previous  work  focused  on 
subspecific  classification  and  distribution,  post¬ 
breeding  and  winter  ecology,  and  feeding  (Preb¬ 
le  and  McAtee  1923,  Smith  1952,  Gill  and  Jor¬ 
gensen  1979,  Gill  and  Handel  1990,  Gill  1997, 
Gill  and  Tibbitts  1999,  Gill  et  al.  2002,  Pruett 
and  Winker  2005).  Bent  ( 1 927)  summarized  de¬ 
scriptions  of  breeding  behavior  of  Rock  Sand¬ 
pipers  from  19th  century  explorers,  and  Hanna 
(1921)  provided  early  accounts  of  breeding  be¬ 
havior  for  C.  p.  ptilocnemis.  Breeding  behavior 
of  color-marked  individuals  has  only  been  stud¬ 
ied  for  C.  p.  tschuktschorum  on  the  Chukotsky 
Peninsula,  Russia  (Kondratyev  1982;  Tomkov- 


328 


Johnson  et  al.  •  ROCK  SANDPIPER  BREEDING  BEHAVIOR 


329 


FIG.  1.  Subspecific  breeding  distribution  of  the  Rock  Sandpiper  ( Calidris  ptilocnemis)  and  location  of  the 
study  site  (Yukon  Delta  National  Wildlife  Refuge’s  Kanaryarmiut  Field  Station,  Yukon-Kuskokwim  River  Delta, 
Alaska).  Evidence  for  subspecific  status  of  Rock  Sandpipers  on  Alaska  Peninsula,  upper  Bristol  Bay,  and  Kodiak 
Archipelago  is  equivocal  (area  labeled  with  a  question  mark).  C.  p.  kurilensis  is  a  provisional  subspecies  that 
has  a  probable  breeding  distribution  of  a  15-km  stretch  of  beach  on  the  southern  tip  of  the  Kamchatka  Peninsula 
(Gill  et  al.  2002). 


ich  1994,  2003).  Males  in  this  population  estab¬ 
lished  and  defended  territories  on  upland  tundra 
habitat  from  which  they  advertised  for  mates 
(Myers  et  al.  1982;  Tomkovich  1985,  1994). 
Nests  were  initiated  from  mid-May  through 
mid-June  (P.  S.  Tomkovich  in  Gill  et  al.  2002), 
and  some  pairs  initiated  replacement  clutches  if 
nest  loss  occurred  early  in  the  season  (Tomkov¬ 
ich  1994,  2003).  Rock  Sandpipers  were  socially 
monogamous  and  commonly  exhibited  biparen- 
tal  care  of  eggs  and  young.  However,  one  mem¬ 
ber  of  the  pair,  usually  the  female,  deserted  its 
mate  and  brood  shortly  after  hatch,  or  rarely, 
even  before  hatch  (Myers  et  al.  1982;  Tomkov¬ 
ich  1994,  2003). 

The  Rock  Sandpiper  is  listed  as  a  species 
of  high  concern  in  the  U.S.  Shorebird  Con¬ 
servation  Plan  (Brown  et  al.  2001,  USSCP 
2004)  due  to  restricted  breeding  distribution, 
limited  population  size  (Morrison  et  al.  2006), 
and  threats  to  nonbreeding  sites  (Gill  and  Tib- 
bitts  1999).  Thus,  identifying  the  extent  of 
variation  in  life  history  and  behavior  among/ 
within  subspecies  is  critical  for  effective  con¬ 
servation,  yet  this  has  not  been  reported  from 
North  America,  where  three  of  the  four  sub¬ 
species  occur.  Our  objectives  were  to:  (1)  de¬ 


scribe  breeding  phenology  and  habitat  use;  (2) 
measure  mate  and  breeding  site  fidelity  rates; 
(3)  quantify  hatching  and  fledging  success, 
and  parental  care  in  a  color-marked  breeding 
population  on  the  Yukon-Kuskokwim  River 
Delta,  Alaska;  and  (4)  compare  our  results 
with  those  from  studies  600  km  west  in  Chu¬ 
kotka,  Russia. 

METHODS 

Study  Area  and  General  Methods. — Our 
study  area  was  at  the  Yukon  Delta  National 
Wildlife  Refuge’s  Kanaryarmiut  Field  Station, 
Yukon-Kuskokwim  River  Delta  (YKD),  Alas¬ 
ka  (Fig.  1 ;  61°  22'  N,  165°  07'  W).  We  located 
and  monitored  Rock  Sandpiper  nests  oppor¬ 
tunistically  during  1998—2002  on  and  around 
a  36-ha  plot  while  gathering  data  for  other 
avian  studies  (mean  ±  SD  number  nests  lo¬ 
cated  annually  =  4.0  ±  1.6,  4  adults  banded). 
We  systematically  studied  Rock  Sandpipers 
during  2003-2005  (mean  ±  SD  number  nests 
located  annually  =  10.7  ±  1.5,  20  adults 
banded),  monitoring  nests  and  recording  in¬ 
dividual  behavior  on  an  additional  12  ha  sur¬ 
rounding  the  original  plot  (48  ha  total). 

Two  to  four  observers  surveyed  daily  for 
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banded  birds,  nests,  and  broods  from  late 
April  through  late  July  (2003-2005).  We 
marked  adults  and  chicks  at  the  nest  with  a 
U.S.  Geological  Survey  federal  bird  band  and 
with  unique  combinations  of  UV-stable  color 
bands.  We  measured  morphological  features 
during  banding  including:  mass;  length  of 
closed,  flattened  wing  (Stiles  and  Altshuler 
2004);  exposed  culmen  (Baldwin  et  al.  1931); 
and  total  tarsus  (including  lateral  condyle  of 
tibiotarsus).  We  assigned  gender  of  adults  by 
culmen  length.  Female  Rock  Sandpipers  av¬ 
erage  larger  than  males  in  all  measurements, 
but  culmen  length  overlaps  between  males 
and  females  (males:  range  =  23.1—30.8  mm; 
females:  range  =  28.1-34.0  mm;  Tomkovich 
1982,  Gill  et  al.  2002).  When  culmen  length 
was  inconclusive  (28.1-30.8  mm,  30%  of  fe¬ 
males,  60%  of  males),  we  assigned  gender  by 
comparing  culmen  length  and  mass  with  their 
mates  (females  >  males)  and/or  behavior 
(courtship  displays,  copulation  position). 

We  mapped  locations  of  banded  individuals 
(2003-2005)  and  nests  (2000-2005)  using 
ArcMAP  GIS  software  (ESRI,  Redlands,  CA, 
USA).  We  produced  vegetation  maps  in  the 
field  by  manually  delineating  vegetation 
patches  on  aerial  photographs,  and  digitized 
and  geo-referenced  habitat  polygons  using 
ArcMAR  The  upland  tundra  vegetation  com¬ 
munity  was  a  mosaic  of  patches  which  we 
classified  into  three  basic  types:  (1)  upland 
tundra  that  contained  graminoid  species  (here¬ 
after  tundra-grass);  (2)  upland  tundra  that 
lacked  a  graminoid  component  (hereafter  tun¬ 
dra);  and  (3)  undulating-tundra,  characterized 
by  greater  vertical  relief  that  resulted  in  reten¬ 
tion  of  water  for  longer  periods  after  spring 
thaw  as  well  as  a  sedge  and  grass  component 
(Johnson  and  McCaffery  2004,  Johnson 
2006).  We  monitored  nests  until  hatch,  pre¬ 
dation,  or  abandonment.  We  attempted  to  re¬ 
observe  sandpiper  parents  and  broods  daily 
after  hatch  until  their  fate  was  learned  (in  each 
case,  brood  location  was  mapped,  and  parent 
and  chick  behaviors  were  recorded  using  scan 
sampling  [Altmann  1974]).  We  categorized 
parental  behavior  as  brooding,  vigilant  toward 
the  brood  (parent  was  engaged  in  vigilance 
behavior  toward  the  brood),  or  not  vigilant 
(when  a  parent  engaged  in  some  other  activ¬ 
ity;  e.g.,  foraging).  We  categorized  maximum 
distance  between  parents  and  chicks  as  <1,1- 


3,  4-6,  7-9,  10-20,  or  >20  m.  We  quantified 
linear  distance  traveled  by  broods  as  the 
straight-line  distance  between  two  observa¬ 
tions  (i.e.,  first  and  last  observations  of  the 
day,  week,  or  brood  care  period).  Nests  hatch¬ 
ing  >1  egg,  and  broods  fledging  >1  young 
were  considered  successful. 

Data  Analyses. — We  overlaid  nest  locations 
on  our  vegetation  map  to  examine  habitat  use, 
and  used  Chi-square  goodness  of  fit  to  test  if 
birds  nested  in  each  habitat  type  in  proportion 
to  availability  (Zar  1999).  We  were  able  to 
identify  which  adult  was  incubating  from  nest 
observations,  and  randomly  selected  one  ob¬ 
servation  per  individual/nest  and  used  a  con¬ 
tingency  table  to  test  whether  temporal  incu¬ 
bation  pattern  was  independent  of  gender  (Zar 
1999).  We  used  the  mid-point  of  each  distance 
class  (<1  =  0.5  m,  1-3  =  2  m,  4-6  =  5  m, 
7-9  =  8  m,  10-20  =  15  m,  >20  =  25  m), 
and  simple  linear  correlation  to  measure 
whether  the  distance  between  parents  and 
chicks  varied  throughout  brood  care  (Zar 
1999).  Estimating  Rock  Sandpiper  home 
range  size  was  problematic.  Rock  Sandpipers 
foraged  extensively  off  territory  during  the 
breeding  season,  using  habitat  beyond  our 
study  plot.  Small  sample  sizes  prohibited  use 
of  the  most  accurate  home  range  estimation 
methods  currently  available  (e.g.,  kernel 
methods,  Seaman  et  al.  1999).  However,  there 
are  no  published  estimates  of  Rock  Sandpiper 
home  range  size  from  North  America  and  we 
produced  coarse  estimates  of  home  range  size 
where  data  were  sufficient  (2004-2005,  n  = 
329  locations).  We  selected  individuals  for 
this  analysis  with  >10  observations/year  with 
a  minimum  of  4  hrs  between  consecutive  ob¬ 
servations.  This  process  resulted  in  selection 
of  five  males  and  three  females  over  a  2-year 
period  with  a  mean  of  14  observations/indi¬ 
vidual.  We  used  these  data  to  produce  esti¬ 
mates  of  home  range  size  by  drawing  mini¬ 
mum  convex  polygons  around  the  location  of 
individuals  (Mohr  1947).  We  used  a  Wilcoxon 
two-sample  test  to  compare  linear  measure¬ 
ments  and  mass  between  adult  males  and  fe¬ 
males  (Zar  1999).  We  report  apparent  nest 
success  (percent  of  known  nests  successfully 
hatching  >1  chick)  and  also  calculated  daily 
survival  rate  of  nests  (±  SE)  using  the  May- 
field  method  (Mayfield  1961,  1975).  We  com¬ 
pared  our  estimate  of  nest  daily  survival  rate 
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TABLE  1.  Data  for  Rock  Sandpipers  on  a  48-ha 
plot  near  the  Yukon  Delta  National  Wildlife  Refuge’s 
Kanaryarmiut  Field  Station,  Yukon-Kuskokwim  River 
Delta,  Alaska.  Numbers  in  parentheses  indicate  num¬ 
ber  of  nests  hatching  at  least  one  egg. 

Year 

Birds 

banded 

Nests 

No 

nest 

data 

located 

First 

Second 

Unknown 

1998 

0 

3  (0) 

1  (0) 

2 

1999 

3 

4  (1) 

i  (i) 

3  (0) 

2000 

1 

6  (1) 

2  (1) 

1  (0) 

3  (0) 

2001 

0 

5  (0) 

1  (0) 

4  (0) 

2002 

0 

2  (0) 

2 

2003 

10 

11  (2) 

5  (0) 

2  (2) 

2  (0) 

2 

2004 

3 

9  (3) 

5  (1) 

3  (1) 

1  (1) 

2005 

7 

12  (2) 

7  (1) 

3  (1) 

1  (0) 

1 

Totals 

24 

52  (9) 

21  (4) 

9  (4) 

15  (1) 

7 

with  a  previously  reported  estimate  from  Chu¬ 
kotka,  Russia  using  a  Z  statistic  (Johnson 
1979),  and  report  means  (±  SD). 

RESULTS 

Rock  Sandpipers  arrived  at  our  study  site 
between  2 1  April  and  1 0  May  annually  (mean 
arrival  date  =  1  May).  Males  began  establish¬ 
ing  territories  and  advertising  for  mates  during 
the  first  week  of  May.  We  banded  four  adults 
from  three  pairs  in  1 999  and  2000  and  unique¬ 
ly  color  banded  24  breeding  adults  through 
2005  (Table  1).  A  pair  banded  in  1999  re¬ 
turned  and  bred  together  every  year  thereafter 
through  2005,  but  the  other  two  individuals 
banded  during  this  period  were  not  observed 
in  subsequent  seasons.  We  banded  five  breed¬ 
ing  pairs  in  2003.  All  10  of  these  birds  were 
observed  at  the  study  site  in  2004,  and  seven 
returned  in  2005.  We  banded  three  adults  from 
two  pairs  in  2004,  and  observed  two  of  these 
birds  in  2005.  We  banded  8  and  10  chicks  in 
2003  and  2004,  respectively.  These  18  birds 
were  not  observed  during  subsequent  seasons. 
Females  were  generally  larger  than  males  for 
all  morphological  measurements  except  tarsus 


length,  and  there  was  overlap  between  males 
and  females  in  all  measurements  except  cul- 
men  length  (Table  2). 

Mate  Fidelity. — We  did  not  observe  mate 
change  (i.e.,  both  members  of  a  pair  returned 
and  each  mated  with  a  new  individual)  among 
six  pairs  of  Rock  Sandpipers  that  bred  at  our 
study  site  for  >2  years.  However,  we  ob¬ 
served  two  males  paired  with  new  mates  when 
their  mate  from  the  previous  year  was  appar¬ 
ently  unavailable.  A  male  bred  with  the  same 
female  in  2003  and  2004,  but  was  paired  with 
an  unmarked  female  in  2005.  We  failed  to  de¬ 
tect  his  prior  mate  in  2005.  A  different  pair 
bred  for  2  consecutive  years,  both  returned 
during  the  third  season,  but  the  female  was 
found  partially  consumed  early  in  the  season, 
and  the  male  eventually  paired  with  an  un¬ 
marked  female. 

Clutch  Size  and  Breeding  Phenology. — We 
discovered  52  active  nests  between  4  May  and 
10  July  1998-2005.  Of  these,  21  nests  were 
first  nesting  attempts  of  the  season  and  nine 
were  second  nesting  attempts  (i.e.,  renestings). 
We  were  unable  to  ascertain  which  nest  at¬ 
tempt  was  observed  in  15  cases  because  either 
the  attending  adults  were  unbanded  or  because 
the  nests  were  found  late  in  the  season.  We 
did  not  monitor  seven  nests  because  of  logistic 
constraints  (Table  1).  Among  completed 
clutches,  88%  contained  four  eggs  (n  =  40). 
Mean  clutch  size  for  first  and  second  nests 
were  3.9  ±  0.4  eggs  ( n  =  20)  and  3.8  ±  0.7 
eggs  ( n  =  8),  respectively,  and  mean  clutch 
size  for  all  other  nests  was  3.8  ±  0.5  eggs  (n 
=  12).  We  discovered  eight  nests  on  the  day 
they  were  initiated  and  another  24  nests  prior 
to  completion.  On  average,  females  added  an 
egg  to  clutches  every  1.1  ±  0.2  days  (n  =  32) 
until  they  were  completed.  We  therefore  sub¬ 
tracted  1  day  for  every  egg  present  in  the  nest 
at  discovery  to  estimate  initiation  date  for  in¬ 
complete  clutches  located  after  initiation. 


TABLE  2.  Linear  measurements  (mm)  and  mass  (g)  (mean  ±  SD,  range)  of  adult  male  ( n  =  10)  and  female 
(n  =  10)  Rock  Sandpipers  near  the  Yukon  Delta  National  Wildlife  Refuge’s  Kanary armiut  Field  Station,  Yukon- 
Kuskokwim  River  Delta,  Alaska.  Asterisks  indicate  differences  between  males  and  females  at  P  <  0.01  (Wil- 
coxon  two-sample  tests). 

Gender  Culmen*  Tarsus  Wing*  Mass* 


Female  32.8  ±  1 .9  (29.9-34.5)  28.2  ±  1.3  (26.5-30.0)  129.0  +  2.8  (126-132)  85.6  ±  2.4  (73-89) 
Male  27.4  ±  0.7  (26.8-29.6)  28.3  ±  1.1  (27.1-29.6)  125.2  ±  2.1  (123-133)  76.4  ±  5.1  (70-84) 
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Mean  clutch  initiation  date  for  first  nests  was 
16  May  ±  9  days  (range  5  May-7  Jun,  n  = 
18).  Fifteen  of  17  first  nests  (2003-2005)  were 
depredated;  8  of  these  15  females  (53%)  pro¬ 
duced  replacement  clutches.  Mean  clutch  ini¬ 
tiation  date  for  renesting  attempts  was  27  May 
±  8  days  (range  20  May-11  Jun,  n  =  7). 
Mean  clutch  initiation  date  for  nests  where  we 
were  unable  to  learn  whether  this  represented 
the  pairs’  first  or  second  nesting  attempt  was 
7  June  ±  8  days  (range  23  May— 16  Jun;  n  — 
7).  Mean  incubation  length  (clutch  initiation 
through  hatch)  was  26.3  ±  0.8  days  ( n  =  7). 

Hatching  and  Fledging  Success. — Apparent 
nest  success  among  first  and  second  nests  was 
19  and  44%,  respectively  (Table  1).  Apparent 
nest  success  was  20%  when  we  considered  all 
nests  with  known  fates  ( n  =  45).  Seven  nests 
had  insufficient  data  for  inclusion  in  daily  sur¬ 
vival  rate  estimation.  Mayfield  nest  success 
rate  for  all  nests  with  sufficient  data  was  25% 
(584.5  nest  exposure  days,  30  failed  nests,  n 
=  38),  and  daily  nest  survival  rate  (0.949  ± 
0.001)  was  significantly  lower  than  reported 
for  Rock  Sandpipers  breeding  on  the  Chukot- 
sky  Peninsula  (0.974  ±  0.001;  Z  =  2.14,  n  = 
79,  P  =  0.02).  All  but  one  of  35  eggs  in  suc¬ 
cessful  nests  hatched.  *One  nest  was  aban¬ 
doned,  and  predation  is  suspected  as  the  cause 
for  failure  of  all  other  failed  nests  (n  =  35). 
We  observed  mink  ( Mustela  vison)  and  Arctic 
fox  ( Alopex  lagopus)  depredating  nests.  We 
also  observed  a  Long-tailed  Jaeger  ( Stereo - 
rarius  longicaudus)  consuming  12  day-old 
chicks  from  one  brood.  At  least  four  broods 
(44%)  among  the  nine  successful  nests  suc¬ 
cessfully  fledged  young,  two  broods  failed  to 
fledge  any  young,  and  three  broods  had  un¬ 
known  fates.  We  were  unable  to  monitor  two 
successful  broods  as  they  moved  out  of  our 
study  area,  but  we  did  reobserve  recently 
fledged  chicks  from  these  broods.  Chicks  from 
two  broods  attained  flight  at  19  and  21  days 
post-hatch. 

Parental  Care. — We  observed  an  incubat¬ 
ing  adult  during  93%  of  nest  checks  (n  = 
181).  Incomplete  clutches  containing  1,  2,  or 
3  eggs  were  incubated  during  70,  83,  and 
100%  of  nest  checks,  respectively  (n  =  10, 
12,  13),  and  incubating  adults  were  observed 
during  95%  of  nest  checks  for  completed 
clutches  ( n  =  46;  samples  not  independent). 
We  were  able  to  identify  which  member  of  the 


Time  of  day  (AKDT) 


FIG.  2.  Incubation  patterns  for  Rock  Sandpipers 
during  three  diurnal  periods  on  a  48-ha  plot  on  the 
Yukon-Kuskokwim  River  Delta,  Alaska.  Data  repre¬ 
sent  percentage  of  time  males  and  females  were  ob¬ 
served  tending  nests.  Temporal  incubation  pattern  was 
not  independent  of  gender  (x22  =  6.5,  P  <  0.05,  n  = 
47). 

pair  was  incubating  during  78  nest  observa¬ 
tions  («  =  30  nests).  We  randomly  selected 
one  observation  per  bird  from  each  nest  (23 
females,  24  males)  from  these  data,  and  com¬ 
pared  the  proportion  of  birds  incubating  dur¬ 
ing  three  diurnal  periods:  morning  (0800- 
1259  hrs  AKDT),  afternoon  (1300-1759  hrs), 
and  evening  (1800-2300  hrs).  Males  regularly 
incubated  clutches  during  the  morning  and  af¬ 
ternoon  and  rarely  during  the  evening,  where¬ 
as  female  incubation  was  relatively  consistent 
throughout  the  day  (Fig.  2). 

We  observed  two  females  being  relieved  of 
incubation  by  their  mates.  In  both  cases,  the 
male  flew  into  the  general  area  calling 
(“song”  of  Miller  et  al.  1988,  Miller  1996; 
“complex  trill”  of  Tikhonov  1986)  and  alight¬ 
ed  —50  m  from  the  nest.  Approaching  males 
then  continued  toward  the  nest  on  foot  in  rap¬ 
id  bursts  that  were  reminiscent  of  a  plover’s 
(Charadriidae)  run-and-stop  foraging  tech¬ 
nique.  Males  repeatedly  called  (“cricket  call”; 
Miller  1996)  while  approaching  the  nest  (30— 
60  sec),  and  continued  to  call  at  the  nest  while 
performing  the  Pointing  Display  (male  leans 
forward  from  rim  of  nest,  points  bill  toward 
ground,  and  drops  wing-tips  below  plane  of 
tail;  Gill  et  al.  2002).  Females  left  the  nest 
soon  after  males  initiated  the  Pointing  Display 
(5-15  sec),  and  males  continued  calling  in  the 
Pointing  Display  posture  for  5-10  sec  after 
female  departure.  Males  immediately  chased 
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females  on  foot  (2-3  times),  after  relaxing 
from  the  Pointing  Display  posture,  until  the 
female  took  flight  and  departed  the  area.  One 
male  pecked  his  mate  on  the  back  while  giv¬ 
ing  chase.  Males  then  settled  on  the  nest  and 
called  for  10—15  sec.  We  observed  similar  be¬ 
havior  while  studying  Rock  Sandpipers  during 
brood-rearing  at  another  site  on  the  YKD  (M. 
Johnson,  pers.  obs.).  In  this  case,  a  parent  of 
unknown  gender  had  been  vigilant  toward  its 
brood  for  at  least  30  min  (maximum  distance 
to  chick  10  m)  when  it  began  giving  the  crick¬ 
et  call  from  the  Pointing  Display  posture.  Af¬ 
ter  30-60  sec  of  calling,  its  mate  alighted  5 
m  away.  The  calling  bird  continued  to  call 
from  the  Pointing  Display  posture  in  the  pres¬ 
ence  of  its  mate  for  15  sec,  and  then  flew  40 
m  and  began  foraging. 

We  conducted  detailed  behavioral  obser¬ 
vations  of  four  broods  for  1 1,  12,  19,  and  21 
days  post-hatch  (mean  number  of  observa¬ 
tions/brood  =  10).  Males  cared  for  young,  and 
two  of  four  females  shared  in  parental  duties 
throughout  brood  care  (19  and  21  days).  One 
female  deserted  her  young  and  mate  at  7  days 
post-hatch,  and  her  brood  was  depredated  at 
12  days  post-hatch.  Another  female  deserted 
immediately  after  hatch,  but  we  were  unable 
to  learn  the  fate  of  this  brood.  Linear  distances 
traveled  by  parents  and  young  ranged  widely. 
For  example,  within  a  day,  one  brood  moved 
>300  m  in  a  5-hr  period  while  another  moved 
52  m  in  a-9-hr  period.  Throughout  brood  care, 
one  brood  traveled  2.8  km  during  an  11 -day 
period  and  another  traveled  1 .3  km  during  a 
13-day  period. 

We  observed  parents  brooding  chicks  on 
three  occasions  (n  =  2  broods),  all  during  the 
first  5  days  post-hatch.  Males  were  vigilant 
toward  the  brood  for  two  broods  we  followed 
through  fledging  (w  =  10  and  16  observations, 
respectively)  during  63  and  80%  of  brood  ob¬ 
servations,  while  females  were  vigilant  during 
75  and  90%  of  observations,  respectively.  The 
mean  maximum  distance  throughout  brood 
care  between  vigilant  parents  and  young  was 
9  ±  4  m  (n  =  26).  Parents  that  were  not  vig¬ 
ilant  toward  their  young  generally  foraged 
>20  m  from  the  brood’s  location.  There  was 
no  correlation  between  maximum  distance  be¬ 
tween  parents  and  chicks,  and  the  number  of 
days  post-hatch  (r  =  0.21,  P  =  0.18,  n  =  45). 

Nesting  Habitat  and  Space  Use. — We  were 


Habitat  type 

FIG.  3.  Number  of  Rock  Sandpiper  nests  in  three 
habitat  patch  types  on  a  48-ha  plot  on  the  Yukon  Kus- 
kokwim  River  Delta,  Alaska.  Habitat  use  differed  from 
that  expected  if  birds  used  habitat  patches  in  relation 
to  availability  (x22  =  9.4,  P  <  0.01,  n  =  23). 


able  to  delineate  habitat  patch  use  (tundra,  tun¬ 
dra-grass,  and  undulating-tundra)  for  23  nests. 
Rock  Sandpiper  nests  were  more  often  in  tundra 
and  less  often  in  tundra-grass  and  undulating- 
tundra  than  expected  if  birds  used  habitat  in  pro¬ 
portion  to  availability  (Fig.  3).  Home  range  size 
(x  ±  SD),  from  arrival  through  hatch,  ranged 
from  2  to  12  ha  (2004  =  6.5  ±  3.7  ha,  range 

1.9- 11.8  ha,  n  =  5;  2005  =  5.7  ±  2.0  ha,  range 

2.9- 8. 2  ha,  n  =  7).  Females  used  larger  areas 
than  their  mates  in  three  of  four  pairs  (female/ 
male  home  range  size  =  6.3,  2.0,  1.1,  and  0.8 
ha).  Inter-annual  home  ranges  overlapped  be¬ 
tween  35  and  64%  (n  =  3  males,  1  female). 
Mean  distance  from  a  nest  to  its  nearest  neigh¬ 
bor  nest  was  363  ±  126  m  (range  =  162-796 
m,  n  =  34,  1998-2005). 

Inter-and  Intra-annual  Dispersal,  Post¬ 
breeding  Movements,  and  Migration. — Inter¬ 
annual  breeding  dispersal  distance  ranged  be¬ 
tween  100  and  440  m  for  one  pair  that  bred 
at  our  study  site  for  7  consecutive  years  (mean 
==  261  ±  134  m).  Three  pairs  bred  at  the  site 
for  3  consecutive  years  with  median  inter-an¬ 
nual  dispersal  distances  of  88,  158,  and  288 
m  (range  =  50-345  m),  and  a  pair  that  bred 
at  our  study  site  for  two  consecutive  seasons 
moved  517  m  between  years.  We  measured 
inter-annual  breeding  dispersal  distance  for 
pairs  at  12  nests  of  known  fate.  Failed  pairs 
(n  =  10)  had  a  mean  nest  dispersal  distance 
of  247  ±  40  m  (range  =  70-517  m),  and  suc¬ 
cessful  nests  (n  =  2)  had  subsequent  nest  dis¬ 
persal  distances  of  50  and  165  m.  Mean  intra¬ 
annual  dispersal  distance  (distance  between 
first  and  second  nesting  attempts  within  a 
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year)  was  210  ±  124  m  (n  =  8,  range  =  37- 
385  m). 

Two  banded  individuals  were  observed 
away  from  the  study  site.  A  female  banded  in 
2003  returned  and  bred  with  the  same  mate  in 
2004.  She  was  subsequently  observed  on  13 
April  2005  in  Prince  William  Sound  (D.  M. 
Troy,  pers.  comm.),  >900  km  east-southeast 
of  the  study  site.  She  was  observed  on  our 
study  plot  paired  with  her  prior  mate  on  12 
May  2005  and  we  found  her  partially  con¬ 
sumed  body  on  15  May  2005.  A  male  banded 
with  its  mate  in  2003  was  reobserved  among 
flocks  of  post-breeding  birds  27  km  southwest 
of  the  study  site  near  the  mouth  of  the  Man- 
okinak  River  on  24  July  2003,  2  August  2006, 
and  3  August  2007  (D.  J.  Rizzolo,  pers. 
comm.). 

DISCUSSION 

We  provide  the  first  description  of  behavior 
and  reproductive  success  among  marked  Rock 
Sandpipers  in  North  America.  Kondratyev 
(1982)  and  Tomkovich  (1985,  1994)  reported 
on  the  behavior  of  this  same  subspecies  from 
a  color-marked  population  on  the  Chukotsky 
Peninsula,  Russia.  The  life  history  of  migra¬ 
tory  shorebirds  is  generally  characterized  by 
delayed  maturity,  low  productivity,  and  rela¬ 
tively  high  adult  survivorship  (Evans  and 
Pienkowski  1984,  Piersma  and  Baker  2000). 
Our  results  for  Rock  Sandpipers  breeding  on 
the  YKD  are  consistent  with  this  pattern  as 
were  previous  reports  from  Chukotka,  Russia. 

Annual  return  rates  offer  a  minimum  esti¬ 
mate  of  survival  and  are  the  product  of  four 
probabilities  (true  survival,  site  fidelity,  site 
propensity,  and  true  detection).  If  return  rates 
are  high,  true  survival  and  all  of  the  three  oth¬ 
er  probabilities  must  be  higher  (Sandercock 
2006).  It  appears  that  C.  p.  tschuktschorum 
has  relatively  high  annual  survival  based  on 
high  annual  return  rates  observed  on  the  Chu¬ 
kotsky  .Peninsula  (68-79%;  Tomkovich  1994) 
and  in  this  study  (67-100%).  However,  repro¬ 
ductive  success  varied  considerably  between 
Alaska  and  Chukotka,  Russia.  We  estimated 
that  —12%  of  females  that  initiated  clutches 
at  our  study  site  successfully  fledged  offspring 
on  an  annual  basis,  whereas  42%  of  females 
nesting  on  the  Chukotsky  Peninsula  fledged 
young  (P.  S.  Tomkovich  in  Gill  et  al.  2002). 
Differences  among  these  estimates  may  reflect 


temporal  and/or  geographic  variation  in  repro¬ 
duction,  but  we  are  unable  to  speculate  on 
temporal  differences  because  the  studies  were 
not  contemporary.  However,  it  does  not  ap¬ 
pear  that  latitudinal  difference  between  the 
two  sites  resulted  in  differences  in  estimated 
reproductive  rates.  Rock  Sandpipers  breeding 
in  Chukotka  were  four  degrees  latitude  farther 
north  than  our  study  site  and  experienced 
shorter  breeding  seasons  (clutches  initiated 
over  a  29  and  43  day  period  in  Chukotka  and 
on  the  YKD,  respectively)  with  higher  repro¬ 
ductive  rates.  Another  possible  explanation 
for  variation  in  reproductive  rates  is  that  pred¬ 
ator  densities  and/or  community  compositions 
vary  between  the  two  sites.  Additional  study 
is  required  to  learn  if  these  estimates  accu¬ 
rately  depict  natural  variation  in  reproductive 
rates  within  the  two  regions,  and,  what  factors 
contribute  most  significantly  to  the  differences. 

We  observed  higher  apparent  nest  success 
among  second  nests  compared  to  initial  nest¬ 
ing  attempts.  This  was  surprising  given  that 
nest  survival  often  decreases  across  the  nest¬ 
ing  season  for  many  avian  species  (Perrins 
1970,  Daan  et  al.  1989).  Daily  survival  rates 
of  Western  Sandpiper  ( Calidris  mauri)  nests 
at  our  study  site  gradually  declined  until  just 
past  midseason  and  rose  slightly  during  the 
last  part  of  the  breeding  season  (Johnson  and 
Walters  2008).  Seasonal  variation  in  daily  nest 
survival  rates  was  only  evident  among  pairs 
breeding  at  the  site  for  their  first  or  second 
season  (i.e.,  recent  immigrants  or  young 
birds).  In  contrast,  daily  nest  survival  rates 
were  relatively  constant  across  the  nesting 
season  for  Western  Sandpiper  pairs  with  2  or 
more  years  of  prior  site  experience  (Johnson 
and  Walters  2008).  Higher  apparent  nest  suc¬ 
cess  for  Rock  Sandpipers  among  second  nests 
may  be  the  result  of  older  birds  or  those  with 
prior  site  experience  renesting  more  frequent¬ 
ly  compared  to  younger  birds  or  recent  im¬ 
migrants. 

Parental  care  is  apparently  variable  within 
C.  p.  tschuktschorum  as  Alaskan  and  Chukot- 
kan  breeding  birds  differed  in  onset  of  incu¬ 
bation,  and  nest  and  brood  attendance  pat¬ 
terns.  P.  S.  Tomkovich  (in  Gill  et  al.  2002) 
reported  that  full-time  incubation  begins  with 
the  laying  of  the  last  egg  (only  13-37%  of 
incomplete  clutches  were  warm  and/or  attend¬ 
ed  by  adults).  In  contrast,  we  observed  incu- 
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bating  adults  during  >70%  of  nest  checks  pri¬ 
or  to  clutch  completion.  One  parent  assumed 
full  responsibility  of  incubation  in  some  pairs 
breeding  on  the  Chukotsky  Peninsula,  while 
in  others  parents  shared  incubation  duties 
(Kondratyev  1980,  1982;  P.  S.  Tomkovich  in 
Gill  et  al.  2002).  We  did  not  observe  an  adult 
deserting  its  mate  during  incubation,  but  fe¬ 
males  did  desert  during  brood  care.  Further, 
54%  of  Rock  Sandpiper  broods  were  tended 
by  a  single  adult  at  another  YKD  site  (John¬ 
son  and  McCaffery  2004).  Maternal-only  care 
was  observed  on  the  Chukotsky  Peninsula  for 
20%  of  broods,  and  no  broods  received  bi- 
parental  care  after  9  days  post-hatch  (Gill  et 
al.  2002). 

Adult  home  range  size  prior  to  hatch  aver¬ 
aged  5. 7-6.5  ha  at  our  study  site,  and  females 
used  a  larger  area  compared  to  their  mate. 
These  estimates  are  similar  to  those  reported 
at  Chukotka  where  mean  nesting  territory  size 
was  5.2  ha  (range  3.0— 8.0,  n  =  19).  Parents 
and  broods  traveled  hundreds  of  meters  within 
a  few  hours  post-hatch  and  1  +  km  throughout 
brood  care.  These  results  are  consistent  with 
previous  studies  on  the  YKD  (Johnson  and 
McCaffery  2004)  and  the  Chukotsky  Penin¬ 
sula  (mean  distance  from  the  nest  during  the 
third  week  post-hatching  =  747  m,  n  =  6, 
Tomkovich  1985).  The  ecology  of  Rock  Sand¬ 
piper  chicks  is  dynamic  during  the  first  weeks 
of  life.  Chicks  generally  leave  the  nest  within 
12  hrs  of  hatching  and  forage  independently 
(P.  S.  Tomkovich  in  Gill  et  al.  2002).  Brood 
movement  patterns  and  habitat  use  likely  in¬ 
dicate  parental  efforts  to  increase  survival  of 
young  by  directing  them  to  resources  such  as 
food  and  shelter,  and  alerting  them  to  the  pres¬ 
ence  of  predators  (Johnson  et  al.  2008). 

The  distance  that  post-breeding  Rock  Sand¬ 
pipers  move  during  molt-migration  is  highly 
variable  among  and  within  subspecies;  most 
populations  undergo  molt  at  coastal  sites  (Gill 
et  al.  2002).  C.  p.  tschuktschorum  breeding  on 
YKD  generally  move  only  a  few  kilometers 
to  molting  areas  while  those  nesting  on  Chu¬ 
kotsky  Peninsula  may  travel  600  km  to  the 
same  sites  (Gill  et  al.  2002).  A  male  banded 
at  our  study  site  was  observed  in  three  non- 
consecutive  seasons  at  the  same  post-breeding 
site.  The  mate  of  this  male  was  reobserved 
annually  on  our  study  site,  but  she  was  not 
observed  at  his  molting  site.  Rock  Sandpiper 


fidelity  to  molting  areas  also  has  been  ob¬ 
served  at  other  sites  on  the  YKD  (B.  J. 
McCaffery  and  R.  E.  Gill  Jr.,  pers.  obs.). 

Environmental  variation  across  breeding  ar¬ 
eas  (seasonal,  climatic,  landscape)  contribute 
to  the  polytypic  nature  of  Rock  Sandpipers 
(Pruett  and  Winker  2005).  Variation  in  paren¬ 
tal  care  patterns  and  reproductive  rates  be¬ 
tween  two  study  sites  in  Alaska  and  Chukot¬ 
ka,  Russia  suggests  that  variation  within  Ber- 
ingia  may  not  be  limited  to  morphological 
characters,  but  may  extend  into  behavioral  and 
demographical  parameters  as  well.  Additional 
study  will  be  required  to  confirm  whether  or 
not  the  site-specific  differences  described  here 
truly  reflect  consistent  regional  differences  in 
Rock  Sandpiper  breeding  biology. 
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STATUS  OF  WHITE-WINGED  DOVE  NESTING  COLONIES  IN 

TAMAULIPAS,  MEXICO 
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ABSTRACT. — The  core  of  eastern  White-winged  Dove  ( Zenaida  asiatica  asiatica)  breeding  habitat  histori¬ 
cally  occurred  in  northern  Mexico  and  southern  Texas.  Much  nesting-habitat  loss  has  occurred  in  this  region 
since  the  mid- 1900s  and  several  large  nesting  colonies  of  the  historic  complex  have  disappeared  with  others 
currently  at  risk.  Little  knowledge  exists  regarding  the  precise  location  of  these  colonies  or  their  current  status. 
We  reviewed  the  literature,  interviewed  biologists,  and  conducted  site  visits  to  Tamaulipas,  Mexico  during  May- 
August  2004  and  2005  to  construct  a  historical  account  of  White-winged  Dove  colonies.  We  found  references 
to  77  possible  nesting  colonies  thought  to  exist  over  a  50-year  period  in  Tamaulipas.  However,  26  references 
represented  alternative  names  for  the  same  colonies  resulting  in  5 1  colonies.  We  located  3 1  of  these  colonies  of 
which  13  were  active  and  18  were  inactive.  The  remaining  20  were  not  described  in  sufficient  detail  to  locate. 
Brush  clearing  was  listed  as  a  cause  for  78%  of  the  18  inactive  colonies  followed  by  weather  catastrophes  (56%) 
and  overharvest  (39%).  Collectively,  these  3  factors  appeared  to  be  responsible  for  94%  of  all  colony  loss.  The 
historic,  large  colonies  of  the  past  are  gone  and  likely  will  not  return  because  of  these  factors,  primarily  because 
of  brush  clearing.  Received  4  April  2008.  Accepted  8  September  2008. 


The  eastern  White-winged  Dove  ( Zenaida 
asiatica  asiatica )  is  a  migratory  species  that 
historically  nested  in  large,  rural  colonies  dur¬ 
ing  May  to  August  in  southern  Texas  and 
northeastern  Mexico  (Cottam  and  Trefethen 
1968).  Colonies  generally  were  in  continuous 
nesting  habitat  varying  in  size  from  5  ha  to 
1000s  of  hectares  with  nest  densities  ranging 
from  0  to  10  nests/ha  outside  of  colonies  to 
>500—1,000  nests/ha  within  colonies  (Cottam 
and  Trefethen  1968).  The  historic  breeding 
range  of  the  eastern  White-winged  Dove  ex¬ 
tended  from  southern  Texas  to  southern  Ta- 


1  Caesar  Kleberg  Wildlife  Research  Institute,  700 
University  Boulevard,  MSC  218,  Texas  A&M  Univer- 
sity-Kingsville,  Kingsville,  TX  78363,  USA. 

2  8203  Landsman  Drive,  Austin,  TX  78736,  USA. 

3  Comision  estatal  para  la  conservacion  y  aprove- 
chamiento  economico  de  la  vida  silvestre  en  Tamau¬ 
lipas,  Calle  Roble  Numero  621,  Fraccionamiento  Las 
Flores,  Ciudad  Victoria,  Tamaulipas,  87078,.  Mexico. 

4  Habitat  y  Palomas  del  Noreste,  A.  C.  Pino  Suarez 
Numero  3205,  Fraccionamiento  Villarreal,  Ciudad 
Victoria,  Tamaulipas,  87027,  Mexico. 

5  Texas  Parks  and  Wildlife  Department,  Austin,  TX 
78744,  USA. 

6  Current  address:  Departamento  de  Regiones  y  Es- 
pecies  Prioritarias,  Agencia  Ambiental  de  Tamaulipas, 
Torre  de  Gobierno  Piso  9,  Ciudad  Victoria,  Tamauli¬ 
pas,  87078,  Mexico. 

7  Corresponding  author;  e-mail: 
fidel.hernandez@tamuk.edu 


maulipas,  Mexico  with  the  most  productive 
nesting  areas  in  the  Tamaulipan  thorn-scrub 
and  semi-deciduous  forests  (Brown  et  al. 
2007)  of  the  Tamaulipan  Biotic  Province  (Pur¬ 
dy  and  Tomlinson  1982,  George  et  al.  1994, 
Schwertner  et  al.  2002). 

Thousands  of  hectares  of  native,  thorn- 
scrub  vegetation  have  been  lost  in  northeast¬ 
ern  Mexico  and  southern  Texas  resulting  from 
land-use  changes  including  agricultural  prac¬ 
tices,  timber  harvest,  urban  development,  and 
dam  construction.  Much  of  this  habitat  loss 
and  fragmentation  has  occurred  within  historic 
White-winged  Dove  nesting  areas.  Many  nest¬ 
ing  colonies  of  the  historic  complex  that  once 
existed  have  already  disappeared,  and  others 
are  currently  at  risk.  Little  knowledge  exists 
regarding  the  precise  sites  of  these  colonies 
prior  to  the  1 990s  because  of  their  remote  lo¬ 
cations  and  lack  of  global  positioning  systems 
(GPS)  technology.  Lack  of  knowledge  of 
historic  and  current  colony  location  is  of  con¬ 
siderable  concern  because  this  region  once 
represented  the  primary  breeding  range  of 
White-winged  Doves.  Understanding  why 
some  colonies  persisted  while  others  failed 
may  provide  insight  useful  in  White-winged 
Dove  conservation.  Our  objectives  were  to: 
(1)  review  all  available  literature  to  provide  a 
historical  account  of  White-winged  Dove  col- 
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onies  in  northeastern  Mexico,  and  (2)  docu¬ 
ment  the  physical  location  of  historic  and  cur¬ 
rent  colonies,  their  status,  and  possible  causes 
of  their  disappearance. 

METHODS 

Study  Area. — Our  study  concentrated  in  the 
northeastern  Mexican  State  of  Tamaulipas. 
The  climate  in  Tamaulipas  varies  from  semi- 
arid  to  subtropical  from  north  to  south.  An¬ 
nual  precipitation  varies  from  600  to  1,050 
mm  (Comision  Nacional  del  Agua  2005). 
Most  rainfall  is  received  during  the  spring  and 
fall  but  local,  heavy  thunderstorms  during 
summer  also  contribute  substantial  precipita¬ 
tion  in  some  years.  Maximum  temperatures 
usually  vary  between  35  and  40°  C  during 
summer  (Comision  Nacional  del  Agua  2005). 
Minimum  temperatures  during  winter  seldom 
fall  below  2°  C  (Almaguer  2005).  The  current 
landscape  is  composed  primarily  of  agricul¬ 
tural  fields  planted  to  grain  sorghum  ( Sor¬ 
ghum  vulgare)  and  corn  ( Zea  mays).  Other 
crops  such  as  citrus  ( Citrus  reticulata),  cotton 
( Gossypium  hirsutum),  and  melon  ( Cucumis 
spp.)  also  are  prevalent.  The  most  common 
crops  in  southern  Tamaulipas  are  sugar  cane 
( Saccharum  officinarum)  and  agave  ( Agave  te¬ 
quilana).  Pasturelands  for  livestock  grazing 
are  common  throughout  the  state.  There  are 
remnant  patches  of  native  Tamaulipan  brush- 
land,  mainly  in  central  and  southern  Tamau¬ 
lipas,  and  include  the  biotic  communities  of 
Tamaulipan  thorn-scrub  and  Tamaulipan  semi- 
deciduous  forests  (Brown  et  al.  2007).  The  na¬ 
tive  vegetation  described  by  George  et  al. 
(1994,  2000)  is  composed  of  shrubs  and  small 
trees  3—10  m  in  height  such  as  ebony  ( Pithe - 
cellobium  ebano),  huisache  ( Acacia  smallii), 
mesquite  ( Prosopis  glandulosa,  P.  reptans, 
and  P.  juliflora),  brasil  ( Condalia  hookeri), 
coma  ( Bumelia  celasterina),  barreta  (Helietta 
parvifolia),  guajillo  ( Acacia  berlandieri), 
granjeno  ( Celtis  pallida),  anacahuita  ( Cordia 
bossieri),  manzanita  ( Malpighia  glabra),  and 
several  species  of  cacti  (Cactacea). 

Historical  Account. — We  obtained  copies  of 
government  (e.g.,  U.S.  Fish  and  Wildlife  Ser¬ 
vice  [USFWS],  Texas  Parks  and  Wildlife  De¬ 
partment  [TPWD],  Secretaria  de  Agricultura  y 
Recursos  Hidraulicos  [SARH]  [Secretary  of 
Agriculture  and  Hydraulic  Resources]  and  Se¬ 
cretaria  del  Medio  Ambiente  y  Recursos  Na- 


turales  [Secretary  of  Environment  and  Natural 
Resources])  visit  reports  which  contained  his¬ 
torical  information  of  nesting  colonies  (e.g., 
general  location,  nesting  habitat  conditions, 
water  and  food  availability,  number  of  nesting 
White-winged  Doves)  to  investigate  the  his¬ 
toric  status  of  White-winged  Dove  nesting 
colonies  in  northeastern  Mexico.  We  also  re¬ 
viewed  published  studies  related  to  nesting 
colonies  of  White-winged  Doves  in  north¬ 
eastern  Mexico. 

Identification  and  Location  of  Colonies. — 
We  conducted  personal  interviews  with  biol¬ 
ogists  who  participated  in  colony  visits  in 
northeastern  Mexico  during  the  last  20-30 
years,  and  who  had  significant  knowledge  of 
White-winged  Dove  nesting  areas.  Biologists 
included:  D.  R.  Blankinship  (USFWS),  G.  L. 
Waggerman  (TPWD  retired),  H.  Ortega-Me- 
lendez  (Comision  Estatal  de  Vida  Silvestre  de 
Tamaulipas;  CEVST),  and  H.  V.  Zamora-Tre- 
vino  (Habitat  y  Palomas  del  Noreste  A.  C.; 
HPN).  We  formed  an  international  team  to  lo¬ 
cate  historic  and  current  nesting  colonies  in 
Tamaulipas.  The  team  consisted  of  G.  L.  Wag¬ 
german,  H.  Ortega-Melendez,  and  H.  V.  Za- 
mora-Trevino,  S.  Benn  (TPWD),  P.  Castillo 
(CEVST),  C.  Chavez  (SEMARNAT),  F.  Her¬ 
nandez  (Caesar  Kleberg  Wildlife  Research  In¬ 
stitute;  CKWRI),  and  D.  G.  Hewitt  (CKWRI). 
We  conducted  site  visits  to  colonies  in  Ta¬ 
maulipas,  Mexico  during  May-August  2004 
and  2005.  Locations  of  all  current  and  historic 
colonies  were  recorded  using  a  hand-held, 
real-time  differential  GPS  unit  (Trimble® 
GeoExplorer  III,  Trimble®  Navigation  Lim¬ 
ited,  Sunnyvale,  CA,  USA).  Delineation  of 
entire  colonies  was  not  logistically  practical 
and  a  series  of  3-5  GPS  coordinates  were  ob¬ 
tained  within  the  colony  area  to  georeference 
the  site.  Colonies  were  located  using  coordi¬ 
nates  provided  by  TPWD,  CEVST,  and  HPN 
personnel,  and  by  following  directions  provid¬ 
ed  by  biologists. 

Assessment  of  Population  Status  of  Colo¬ 
nies. — We  estimated  breeding  densities  of 
White-winged  Doves  at  each  colony  during 
our  visits  using  a  call-count  method  (Uzzell 
1949,  Cottam  and  Trefethen  1968,  Wagger¬ 
man  1973,  Sepulveda  et  al.  2006).  Colonies 
were  categorized  based  on  breeding  density 
(i.e.,  low  =  10-25  breeding  pairs/ha;  medium 
=  26-50  breeding  pairs/ha;  high  =  >50 
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Year 

FIG.  1.  Number  of  White-winged  Dove  nesting  colonies  in  northeastern  Mexico,  1956-2005. 


breeding  pairs/ha).  We  also  spoke  with  resi¬ 
dents  of  towns  in  the  vicinity  of  nesting  areas 
regarding  the  historic  and  current  status  of 
White-winged  Dove  colonies.  We  interviewed 
biologists  and  residents  about  possible  causes 
of  colony  disappearance  (e.g.,  brush  clearing 
for  agriculture,  dam  construction,  severe 
weather,  hunting  pressure,  human  disturbance, 
predation,  use  of  pesticides,  etc.). 

RESULTS 

Historical  Account. — Visits  to  northeastern 
Mexico  were  conducted  by  TPWD  and 
USFWS  since  the  early  1950s  to  locate  White¬ 
winged  Dove  nesting  areas  with  the  coopera¬ 
tion  of  Tamaulipan  and  Mexican  federal  gov¬ 
ernment  agencies.  Number  of  known  White¬ 
winged  Dove  nesting  colonies  in  northeastern 


TABLE  1 .  Nesting  colonies  and  postbreeding  pop¬ 
ulation  size  of  White-winged  Doves  in  Tamaulipas, 
Mexico,  1966-1984. 

Year 

Total  colonies 

Total  doves 

1966' 

8 

5,324,200 

1967' 

8 

5,731,300 

1968' 

8 

6,239,200 

19732 

6 

1,728,896 

19783 

22 

8,955,460 

19844 

16 

16,500,000 

1  Blankinship  1970. 

2  Waggerman  1973. 

3  Ortega  et  al.  1978. 

4  Average  numbers  of  White-winged  Doves  reported  by  Ortega  and  Za¬ 
mora  1984. 


Mexico  varied  annually  from  3  to  22  between 
1956  and  2005  (Fig.  1).  Population  estimates 
fluctuated  from  a  low  of  ~1  million  White¬ 
winged  Doves  during  the  1970s  to  16  million 
during  the  1980s  (Table  1). 

The  first  documented  colonies  ( n  =  3)  were 
discovered  in  1950-1955  by  Kiel  and  Harris 
(1956).  A  new  project  was  initiated  in  1966 
to  identify  the  location,  history,  and  popula¬ 
tion  of  nesting  colonies  in  northeastern  Mex¬ 
ico  (Blankinship  1970).  Nine  major  colonies 
(including  the  three  reported  by  Kiel  and  Har¬ 
ris  [1956])  were  located  and  named  during 
this  period,  all  within  the  area  of  Tamaulipas 
between  the  Sierra  Madre  Oriental  and  Gulf 
of  Mexico.  A  post-reproduction  population 
size  of  5—6  million  birds  was  estimated  for 
Tamaulipas  during  the  1960s  (Table  1),  which 
subsequently  decreased  to  an  estimated  1.7 
million  during  the  early  1970s  (Waggerman 
1972.  1973). 

The  landscape  on  which  colonies  occurred 
changed  drastically  between  1968  and  1976. 
Thousands  of  hectares  of  native  brush  were 
either  cleared  for  agriculture  or  flooded  during 
the  development  of  dams  and  irrigation  sys¬ 
tems  during  the  “Revolucion  Verde”  (Green 
Revolution)  in  Mexico  (Tomlinson  1981,  Pur¬ 
dy  and  Tomlinson  1982).  Construction  of  the 
Vicente  Guerrero  dam  in  1972  transformed 
central  Tamaulipas  into  a  large  sorghum  and 
corn  producing  area.  Two  nesting  colonies  in 
the  area  were  entirely  flooded  by  the  dam. 
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New  colonies  were  subsequently  discovered 
despite  the  loss  of  native  brush  as  a  result  of 
establishment  of  new  nesting  areas  by  White¬ 
winged  Doves.  The  reason  for  this  relocation 
is  unknown  but  probably  occurred  in  response 
to  the  creation  of  favorable  food  and  water 
conditions  elsewhere  (Ortega  1977,  Ortega  et 
al.  1978,  Tomlinson  1981).  The  number  of 
known  colonies  increased  to  22  by  the  late 
1970s,  and  the  estimated  White-winged  Dove 
population  had  rebounded  to  9  million  birds 
(Ortega  et  al.  1978)  (Table  1). 

Construction  of  two  more  water  reservoirs, 
Ramiro  Caballero  and  Emilio  Portes  Gil,  in 
the  late  1970s  and  early  1980s,  respectively, 
helped  development  of  agriculture  in  southern 
Tamaulipas  (Tomlinson  1981).  Clearing  of 
brush  habitat,  primarily  to  create  improved 
pasture  for  cattle  production,  also  occurred 
during  this  period  (Tomlinson  1981).  The  pop¬ 
ulation  was  reported  to  have  increased  despite 
clearing  of  brush  in  several  important  nesting 
colonies,  possibly  because  of  increased  food 
supplies  due  to  agricultural  development  (Or¬ 
tega  and  Zamora  1984;  Purdy  and  Tomlinson 
1982,  1991). 

The  Tamaulipas  White-winged  Dove  pop¬ 
ulation  had  grown  to  15-18  million  by  1984 
(Ortega  and  Zamora  1984)  (Table  1)  with  only 
1 1  known  nesting  colonies.  Much  of  north¬ 
eastern  Mexico  experienced  severe  weather 
conditions  from  the  mid-1980s  through  1990. 
Hurricane  Gilbert  passed  directly  over  much 
of  the  prime  nesting  habitat  in  Tamaulipas  in 
1988  causing  extensive  damage  to  White¬ 
winged  Dove  nesting  areas  from  wind  and 
flooding  (Tomlinson  1988).  Severe  droughts 
also  affected  Tamaulipas  during  this  time,  and 
some  nesting  areas  were  severely  damaged 
(Tomlinson  1991). 

Tamaulipas  no  longer  supported  the  large 
White-winged  Dove  populations  of  the  late 
1960s,  early  1970s,  or  1980s  by  the  late  1990s 
(Tomlinson  1997).  Populations  were  estimated 
to  have  declined  by  as  much  as  75%  of  mid- 
1980s  levels  (Tomlinson  1997,  2001).  The 
large  colonies  of  White-winged  Doves  present 
during  the  1960s  to  mid-1980s  were  no  longer 
in  existence  (Tomlinson  2001).  However, 
northern  and  central  Tamaulipas  still  had  large 
fields  of  sorghum  which  attracted  large  num¬ 
bers  of  White- winged  Doves  from  the  remain¬ 
ing  colonies  (Tomlinson  2001).  Two  new  nest¬ 


ing  colonies  were  located  in  central  and  north¬ 
ern  Tamaulipas  in  the  early  2000s. 

There  are  no  recent  studies  that  estimate  the 
size  of  the  White-winged  Dove  population  in 
northeastern  Mexico.  However,  nest  monitor¬ 
ing  has  been  conducted  since  1982  in  the  larg¬ 
est  White-winged  Dove  nesting  colony,  Parras 
de  la  Fuente,  with  a  size  of  —3,100  ha  and  a 
dove  population  estimated  at  5  million 
(CEVST  2007).  Small,  intermittent  nesting 
colonies  have  been  surveyed  by  Mexican  non¬ 
government  organizations  in  past  years,  and 
recent  surveys  of  White-winged  Dove  popu¬ 
lations  in  urban  areas  of  Tamaulipas  also  have 
been  conducted. 

Identification  and  Location  of  Colonies. — 
We  generated  a  list  of  77  nesting  colonies 
thought  to  exist  between  1950  and  2005  in 
Tamaulipas  from  the  reports,  literature,  and 
people  interviewed  (Sanchez  Johnson  2007). 
However,  26  colonies  in  this  list  represented 
alternative  or  duplicate  names  for  some  col¬ 
onies  resulting  in  51  colonies  actually  identi¬ 
fied.  We  were  only  able  to  locate  31  during 
our  visits  (Table  2);  the  remaining  20  colonies 
were  not  described  in  sufficient  detail  to  lo¬ 
cate.  However,  we  were  able  to  obtain  a  de¬ 
scription  of  the  general  location  for  most  of 
the  colonies  from  the  literature  (Table  3). 

Assessment  of  Nesting  Colonies  Status. — 
Thirteen  of  the  31  colonies  located  were  ac¬ 
tive,  and  18  were  inactive  (Table  2).  Six  of 
the  active  colonies  had  high  White-winged 
Dove  densities  (>50  pairs/ha),  four  had  mod¬ 
erate  densities  (>26—50  pairs/ha),  and  three 
had  low  (<26  pairs/ha;  Table  2).  The  cause  of 
colony  disappearance  involved  primarily 
brush  clearing,  weather  catastrophes  (i.e., 
drought  and  hurricanes),  and  hunting  pressure. 
Loss  of  colonies  often  could  not  be  attributed 
to  a  single  cause  but  rather  to  multiple  causes. 
Two  of  five  colonies  listed  with  sole  causes 
for  disappearance  were  attributed  to  brush 
clearing,  one  to  weather  catastrophes,  and  two 
to  harvest  pressure. 

Brush  clearing  was  listed  as  a  cause  for 
78%  («  =  14)  of  the  18  inactive  colonies, 
weather  catastrophes  for  56%  ( n  =  10)  and 
overharvest  for  39%  (n  =  7)  when  allowing 
for  multiple  causes.  Collectively,  these  three 
factors  were  responsible  for  94%  in  =  17)  of 
all  colony  loss.  Other  causes  mentioned  for 
colony  disappearance  included  diminishing 
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TABLE  2.  Population  estimates  (pairs/ha)  and  coordinates  of  historic  and  current  White-winged  Dove  nest¬ 
ing  colonies  during  this  study  ( n  =  31),  Tamaulipas,  Mexico,  May-August,  2004-2005. 

ID  # 

Colony  name 

Latitude 

Longitude 

White-winged  Dove 
density  (pairs/ha) 

i 

Loma  Colorada 

27°  47' 

98°  11' 

Inactive 

3 

Rancho  Agua  Marina 

22°  78' 

98°  71' 

Inactive 

7 

San  Jose  de  las  Rusias 

23°  55' 

98°  04' 

Inactive 

8 

La  Encarnacion 

23°  37' 

98°  03' 

Inactive 

9 

Los  Santos 

22°  82' 

98°  81' 

Inactive 

10 

Escandon 

22°  72' 

98°  67’ 

Inactive 

11 

La  Chijolosa 

22°  80' 

98°  58' 

Inactive 

13 

El  Tejon 

25°  07' 

98°  04' 

Inactive 

14 

Panales 

24°  32' 

98°  19' 

Inactive 

15 

Parras  de  la  Fuente 

23°  85’ 

98°  46' 

>100 

18 

San  Rafael 

25°  08' 

98°  23' 

Inactive 

19 

Nuevo  Padilla 

24°  06' 

98°  88' 

50 

22 

Villa  Blanca 

22°  78' 

98°  49' 

Inactive 

23 

Los  Camoteros 

22°  56' 

98°  66' 

Inactive 

24 

Abasolito 

24°  04' 

98°  32' 

40 

31 

El  Carmen 

22°  91' 

99°  02' 

60 

32 

Tanque  Viejo 

23°  66' 

98°  15' 

Inactive 

33 

El  Comanche 

24°  63' 

98°  82' 

15 

34 

Las  Animas 

22°  63' 

98°  68' 

Inactive 

35 

El  Rosillo 

22°  90' 

98°  56' 

Inactive 

36 

La  Lupita 

24°  06' 

98°  88’ 

40 

37 

Santa  Maria  y  San  Manuel 

24°  04' 

98°  86' 

50 

39 

San  Lorenzo 

22°  96' 

98°  82' 

85 

41 

Canones  de  Burgos 

24°  78' 

98°  81’ 

15 

42 

Flechadores 

24°  52' 

98°  68' 

15 

43 

Guanajuato 

23°  16' 

98°  79' 

60 

44 

Las  Colinas 

23°  68' 

98°  68' 

Inactive 

47 

Las  Tunas 

23°  79' 

98°  1 1 ' 

Inactive 

49 

La  Monitora 

24°  91' 

98°  04' 

Inactive. 

50 

El  Zarape 

24°  77' 

98°  00' 

100 

51 

Yara 

24°  03' 

98°  80' 

75 

food  supplies,  brush  flooded  by  dams,  appli¬ 
cation  of  pesticides,  and  nestling  predation, 
but  these  causes  were  infrequently  referenced. 

We  were  able  to  obtain  possible  reasons  for 
disappearance  for  14  of  20  colonies  not  lo¬ 
cated  in  this  study.  Cause  of  disappearance  for 
the  remaining  six  colonies  was  unknown. 
These  six  colonies  were  assumed  inactive  be¬ 
cause  they  were  not  mentioned  as  active  col¬ 
onies  in  recent  reports.  Seven  of  eight  unlo¬ 
cated  colonies  listed  with  sole  causes  for  dis¬ 
appearance  were  attributed  to  brush  clearing 
and  one  to  harvest  pressure.  Brush  clearing 
was  listed  as  a  cause  for  86%  (n  =  12)  of  the 
14  inactive  colonies,  weather  catastrophes  for 
43%  ( n  =  6),  and  overharvest  for  7%  ( n  =  1) 
when  allowing  for  multiple  causes.  Collec¬ 
tively,  these  three  factors  were  responsible  for 
100%  ( n  =14)  of  colonies  lost. 


DISCUSSION 

Disappearance  of  White-winged  Dove  nest¬ 
ing  colonies  in  northeastern  Mexico  probably 
resulted  from  three  major  causes — loss  of 
nesting  habitat  by  brush  removal,  weather  ca¬ 
tastrophes  (i.e.,  drought  and  hurricanes),  and 
hunting  pressure — with  brush  removal  being 
the  predominant  cause.  The  negative  effects 
of  habitat  fragmentation  on  species  viability 
are  well  documented  (Turner  1996,  Vergara 
and  Simonetti  2004).  Fragmentation  of  nest¬ 
ing  habitat  is  known  to  affect  predation  rates 
and  nesting  behavior.  Nest  depredation  has 
been  documented  to  vary  as  a  function  of 
patch  size  with  smaller  patches  experiencing 
higher  predation  rates  (Loiselle  and  Hoppes 
1983,  Sieving  1992).  Habitat  loss  and  frag¬ 
mentation  can  have  major  effects  (Belisle 


Sanchez  Johnson  et  al.  •  WHITE- WINGED  DOVE  NESTING  IN  MEXICO 


343 


TABLE  3.  Description  of  the  general  location  of  historic  nesting  colonies  (n  = 
detail  to  permit  relocation. 

20)  not  described  in  sufficient 

ID  # 

Colony  name 

General  location 

Source 

2 

Padilla 

W  of  Padilla  town  in  central  Tamaulipas,  approxi¬ 
mate  location:  24°  01'  N,  98°  76'  W 

Kiel  and  Harris  1956 

4 

Camargo 

Close  to  Camargo  town  in  NW  Tamaulipas 

SARH  1968 

5 

San  Fernando  Lake 

32  km  east  of  San  Fernando  town  in  N  Tamaulipas, 
approximate  location:  24°  82'  N,  97°  88'  W 

Blankinship  1970 

6 

Rio  Purificacion 

6  km  NE  of  Padilla  town  in  central  Tamaulipas,  ap¬ 
proximate  location:  24°  01'  N,  98°  83'  W 

SARH  1968 

12 

San  Fernando  River 

24  km  ESE  from  San  Fernando  town  in  N  Tamauli¬ 
pas,  approximate  location:  24°  79'  N,  97°  96'  W 

Waggerman  1972 

16 

Los  Amigos 

Close  to  San  Fernando  town  in  N  Tamaulipas 

Ortega  1977 

17 

Los  Cabalios 

NW  of  San  Fernando  town 

Ortega  1977 

20 

Nuevo  Padilla  B 

W  of  Padilla  town  in  central  Tamaulipas 

Ortega  et  al.  1978 

21 

Santa  Engracia 

Close  to  Santa  Engracia  town  in  W  central  Tamauli¬ 
pas 

G.  L.  Waggerman,  pers. 
comm. 

25 

Nicolas  Bravo 

N  of  Abasolo  town  in  central  Tamaulipas 

Ortega  et  al.  1978 

26 

Vicente  Guerrero 

Close  to  Lake  Vicente  Guerrero  in  central  Tamauli¬ 
pas 

Ortega  et  al.  1978 

27 

Los  Vergeles  A 

E  of  Abasolo  town  in  central  Tamaulipas 

Ortega  et  al.  1978 

28 

Los  Vergeles  B 

E  of  Abasolo  town  in  central  Tamaulipas 

Ortega  et  al.  1978 

29 

Gutierrez  de  Lara 

E  of  Abasolo  town  in  central  Tamaulipas 

Ortega  et  al.  1978 

30 

El  Balconcito 

SE  of  Abasolo  in  central  Tamaulipas 

Ortega  et  al.  1978 

38 

Aragon 

E  of  Ciudad  Mante  in  S  Tamaulipas 

Tomlinson  1983 

40 

Laguna  Madre 

NE  of  San  Fernando  town  in  N  Tamaulipas 
(24°  34.7'  N,  97°  50.3'  W) 

Tomlinson  1987 

45 

La  Esperanza 

SE  San  Fernando  town  in  N  Tamaulipas 

Ojeda  and  Cisneros 

1991,  Tomlinson  1991 

46 

Guadalupe  Victoria 

NE  San  Fernando  town  in  N  Tamaulipas 

Ojeda  and  Cisneros 

1991,  Tomlinson  1991 

48 

Rayo  del  Sol 

Location  not  described 

Brito  and  Cervantes  1993 

2001)  on  species  exhibiting  high  breeding-site 
fidelity  such  as  White-winged  Doves  (Cottam 
and  Trefethen  1968).  Schwertner  et  al.  (2002) 
noted  that  scattered  patches  of  native  vegeta¬ 
tion  in  a  fragmented  landscape  increased  en¬ 
ergetic  costs  and  predation  risk  of  White¬ 
winged  Doves.  White-winged  Doves  are 
thought  to  use  the  same  exact  nesting  site  used 
in  the  previous  breeding  season,  rebuilding  the 
actual  nest  if  necessary  (Cottam  and  Trefethen 
1968).  Destruction  of  preferred  nesting  areas 
would  result  in  displacement  from  traditional 
use  areas. 

The  species  has  been  able  of  persist  and,  in 
some  instances,  thrive  in  spite  of  habitat  loss 
and  fragmentation.  One  possible  reason  for  its 
persistence  may  be  its  adaptability.  Unlike 
some  bird  species  which  are  area  sensitive 
(Blake  and  Karr  1987,  Soule  et  al.  1988,  Cor¬ 
nelius  et  al.  2000,  Donovan  and  Lamberson 
2001),  White-winged  Doves  are  capable  of 
nesting  in  a  wide  variety  of  patch  sizes  as  well 


as  a  variety  of  plant  species  (Swanson  and 
Rappole  1992,  Hayslette  et  al.  2000).  This 
nesting-habitat  plasticity  has  been  observed  in 
other  migrant  birds  that  have  become  well 
adapted  to  fragmented  forests  in  the  Neotrop¬ 
ics  (Robbins  et  al.  1987,  1992).  Persisting 
White-winged  Dove  populations  in  Tamauli- 
pas  may  be  attributed  to  their  recent  expansion 
into  urban  areas  (Mathewson  2002),  an  ex¬ 
pansion  possibly  attributed  to  loss  of  rural 
nesting  habitat.  This  contrasts  to  other  species 
of  neotropical  migrants  which  have  experi¬ 
enced  population  declines  in  response  to  ur¬ 
banization  (Jokimaki  and  Suhonen  1998,  Frie- 
sen  et  al.  1995,  Boren  et  al.  1999,  Allen  and 
O’Connor  2000,  Kluza  et  al.  2000). 

Although  White-winged  Doves  have  been 
able  to  persist  in  the  altered  landscape  of 
northeastern  Mexico,  habitat  loss  and  frag¬ 
mentation  has  had  adverse  impacts  on  White¬ 
winged  Dove  colonies.  Population  size  has  di¬ 
minished  greatly  from  the  mid-1980s  to  the 
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present.  Whereas  millions  of  birds  historically 
existed  in  several  large  colonies  during  the 
1980s,  currently  only  one  large  colony  exists 
(Parras  de  la  Fuente).  Destruction  of  nesting 
habitat  has  been  the  primary  cause  for  this 
decline  and  continues  to  threaten  existing 
White-winged  Dove  populations.  The  historic, 
large  colonies  of  the  past  are  gone  and  likely 
will  not  return  because  of  habitat  loss. 

Weather  catastrophes  and  excessive  hunting 
also  may  have  contributed  to  historical  White¬ 
winged  Dove  population  declines  (Marsh  and 
Saunders  1942,  Kiel  and  Harris  1956,  Purdy 
and  Tomlinson  1991).  Our  interviews  with  bi¬ 
ologists  and  local  residents  suggested  that  ex¬ 
cessive  harvest  was  possibly  linked  with  the 
disappearance  of  25%  of  the  historic  colonies. 
Whether  overharvesting  was  the  direct  cause 
of  disappearance  or  simply  exacerbated  the  ef¬ 
fects  of  habitat  loss  is  not  clear. 

It  is  plausible  the  negative  effects  of  weath¬ 
er  catastrophes  on  White-winged  Dove  colo¬ 
nies  were  not  limited  to  habitat  but  also  neg¬ 
atively  impacted  population  demography.  For 
example,  severe  drought  can  affect  avian  for¬ 
aging,  home-range  size,  and  habitat  use.  For¬ 
aging  distance  tends  to  increase  when  food  re¬ 
sources  become  scarce  (Liu  et  al.  2003,  Yack- 
el-Adams  et  al.  2006).  Proximity  to  and  avail¬ 
ability  of  food  and  water  are  considered 
primary  determinants  of  nesting-habitat  suit¬ 
ability  for  White-winged  Doves  (Cottam  and 
Trefethen  1968,  Blankinship  1970).  Thus,  al¬ 
though  the  effects  of  drought  have  not  been 
directly  documented  for  White-winged  Doves, 
it  is  conceivable  that  lower  productivity  oc¬ 
curred  during  drought  and  negatively  impact¬ 
ed  historic  colonies.  Hurricanes  also  negative¬ 
ly  affected  habitat  of  White-winged  Dove 
nesting  colonies  (Waggerman  1973,  Tomlin¬ 
son  1988);  however,  habitat  transformations 
resulting  from  increased  precipitation  on  a 
semiarid  region  (e.g.,  increasing  foliar  cover, 
food  resources,  and  water  availability)  could 
have  possibly  benefited  White-winged  Doves. 

We  encountered  numerous  obstacles  in  re¬ 
constructing  the  historical  account  for  the  Ta- 
maulipan  colonies  despite  the  meritorious 
work  of  early  biologists.  Numerous  colonies 
had  duplicate  or  alternative  names  and  de¬ 
scriptions  of  some  colony  locations  were  not 
sufficient  to  permit  relocation.  Differences  in 
monitoring  methodologies  complicated  data 


compilation  and  interpretation.  We  recom¬ 
mend  that  current  monitoring  studies  and  data 
collection  protocols  be  refined  to  prevent  fur¬ 
ther  confusion.  Continued  cooperation  be¬ 
tween  the  Mexican  and  USA  governments  is 
fundamental  to  protect  the  remaining  White¬ 
winged  Dove  nesting  areas  in  Tamaulipas  giv¬ 
en  the  loss  of  historic  nesting  colonies  and 
continued  clearing  of  nesting  habitat. 
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HABITAT  USE  BY  SEDGE  WRENS  IN  SOUTHERN  QUEBEC 

MICHEL  ROBERT,1-2  BENOiT  JOBIN,1  CLAUDIE  LATENDRESSE,1 
SYLVAIN  GIGUERE,1  AND  FRANCOIS  SHAFFER1 


ABSTRACT. — We  studied  Sedge  Wrens  ( Cistothorus  platensis)  along  transects  in  fens  of  Lake  Saint-Franfois 
National  Wildlife  Area  (NWA)  to  identify  key  habitat  components  associated  with  breeding  territories.  Stations 
(0.13-ha  circles  centered  on  clusters  of  locations)  occupied  by  Sedge  Wrens  had  higher  lateral  visibility  (lower 
vertical  cover)  and  lower  shrub  cover  (lower  tall  shrub  density,  fewer  shrub  stands,  reduced  length  of  stands 
along  transects,  and  greater  distance  to  the  nearest  shrub)  compared  to  unoccupied  stations.  Mean  lateral  visibility 
was  low  (<25%)  below  100  cm  and  did  not  differ  between  stations,  and  visibility  was  greater  for  higher  height 
classes  at  stations  occupied  by  wrens.  The  relative  cover  of  dominant  plant  species  ( Carex  lacustris,  C.  aquatilis, 
Lythrum  salicaria ,  Thelypteris  palustris,  Calamagrostis  canadensis)  did  not  vary  between  stations  occupied  or 
unoccupied  by  Sedge  Wrens.  The  habitat  structure  at  the  territory  scale  influenced  Sedge  Wren  occupancy  as 
birds  preferred  stations  with  lower  shrub  cover  and  higher  lateral  visibility.  We  found  an  average  of  0.21  Sedge 
Wrens/ha  along  transects,  similar  to  densities  reported  in  some  regions  of  the  midwestern  USA.  Received  12 
April  2008.  Accepted  1 7  September  2008. 


The  Sedge  Wren  ( Cistothorus  platensis )  is 
a  rare  breeding  bird  in  eastern  Canada  and  ad¬ 
jacent  United  States,  occurring  in  small,  scat¬ 
tered  populations  and  inhabiting  wet  meadows 
and  grass-dominated  wetlands  (Herkert  et  al. 
2001).  It  is  currently  listed  as  Endangered  by 
the  States  of  Maine,  New  Hampshire,  Ver¬ 
mont,  and  New  York,  and  is  considered  Im¬ 
periled  and  Critically  Imperiled  in  the  Prov¬ 
inces  of  Quebec  and  New  Brunswick,  respec¬ 
tively  (NatureServe  2007).  Sedge  Wrens  typ¬ 
ically  exhibit  low  site  tenacity  (Burns  1982), 
probably  because  they  nest  in  habitats  that  are 
susceptible  to  drying  or  flooding,  vegetative 
succession,  and  disturbance  caused  by  agri¬ 
culture  (Herkert  et  al.  2001).  At  least  91  sites 
have  been  occupied  by  Sedge  Wrens  since 
1959  in  Quebec,  where  they  reach  their  north¬ 
east  limit  in  terms  of  breeding  distribution,  of 
which  only  12% -have  been  occupied  >4  years 
(Regroupement  QuebecOiseaux,  unpubl. 
data).  Quebec  has  only  one  area,  Lake  Saint- 
Franfois  National  Wildlife  Area  (NWA)  and 
vicinity,  where  Sedge  Wrens  have  been  re¬ 
ported  consistently  in  large  sedge  ( Carex 
spp.)-dominated  fens  (low-lying  marshes  or 
minerotrophic  peatlands)  since  1970  (Fragnier 
and  Robert  1996,  Robert  2002). 

The  Lake  Saint-FranQois  NWA  was  estab¬ 
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lished  in  1978  by  the  Canadian  Wildlife  Ser¬ 
vice  to  protect  exceptional  wetland  habitats 
for  waterfowl  and  several  rare  species.  Con¬ 
cerns  have  been  expressed  regarding  the  in¬ 
vasion  of  fens  in  the  NWA  by  speckled  alder 
( Alnus  incana  ssp.  rugosa)  (Jean  and  Bou¬ 
chard  1991,  Gratton  1996).  The  reason  for  this 
invasion  remains  unclear,  but  may  be  related 
to  a  decrease  in  fire  frequency  (Jean  and  Bou¬ 
chard  1991)  and  to  regulation  of  water  levels 
of  Lake  Saint-Frangois  (Brisson  et  al.  2006). 
Alder  encroachment  into  fens  of  Lake  Saint- 
Frangois  NWA  could  compromise  the  integ¬ 
rity  and  biodiversity  of  these  exceptional  wet¬ 
lands  (Jean  and  Bouchard  1991,  Brisson  et  al. 
2006),  and  may  constitute  a  threat  to  Yellow 
Rails  ( Coturnicops  noveboracensis),  a  species 
at  risk  that  breeds  in  the  area  (Robert  et  al. 
2000). 

Methods  for  controlling  alder  invasion  in 
Lake  Saint-Franjois  NWA  were  tested  by  the 
Canadian  Wildlife  Service,  some  of  which 
may  be  readily  applicable  (Brisson  et  al. 
2006).  Information  on  habitat  characteristics 
associated  with  Sedge  Wrens  breeding  in  the 
NWA  are  needed  to  fully  consider  the  impacts 
of  alder  control  on  this  species  at  risk.  This  is 
especially  true  for  shrub  cover,  which  is 
known  to  influence  habitat  selection  by  Sedge 
Wrens  at  the  landscape  level  (Bakker  et  al. 
2002,  Grant  et  al.  2004)  but  which  has  not 
been  described  in  detail  at  the  breeding  terri¬ 
tory  level.  Sedge  Wrens  are  known  to  breed 
in  dense,  tall  graminoid  habitats  with  scattered 
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FIG.  1.  Lake  Saint-Frangois  National  Wildlife  Area,  Quebec,  Canada,  where  Sedge  Wrens  were  surveyed 
along  three  fixed-width  transects  in  May  and  June  2005. 


shrubs  (Niemi  and  Hanowski  1984,  Niemi 
1985,  Grant  et  al.  2004,  NatureServe  2007), 
but  few  details  are  available  on  local  shrub 
attributes  (e.g.,  height,  density,  patchiness) 
and  thresholds.  Shrub  removal  in  Minnesota 
wetland  brush  ecosystems  resulted  in  more 
Sedge  Wrens  (Hanowski  et  al.  1999),  whereas 
Baldwin  et  al.  (2007)  reported  the  occurrence 
of  Sedge  Wrens  wintering  in  Texas  to  be  in¬ 
dependent  of  shrub  densities. 

Our  objectives  were  to:  (1)  describe  habitat 
variables  associated  with  Sedge  Wren  breed¬ 
ing  territories  in  Lake  Saint-Frangois  NWA, 
(2)  compare  local  habitat  variables  of  territo¬ 
ries  occupied  and  unoccupied  by  Sedge 
Wrens,  and  (3)  estimate  Sedge  Wren  breeding 
density. 

METHODS 

Study  Area. — The  Lake  Saint-Frangois 
NWA  is  a  protected  area  extending  over  1 ,445 
ha  on  the  south  shore  of  Lake  Saint-Frangois, 
an  open-water  broadening  of  the  St.  Lawrence 


River  in  the  southwest  corner  of  Quebec  Prov¬ 
ince  in  close  proximity  to  New  York  State 
(Fig.  1).  The  well  decomposed  organic  mate¬ 
rial  averages  1.5  m  thick  (max  =  4  m)  and 
rests  on  top  of  a  clay  deposit  from  the  last 
postglacial  era.  Numerous  rare’  plant  species 
are  found  in  this  fen  (Auclair  et  al.  1973,  Bris- 
son  et  al.  2006). 

Sedge  Wren  Surveys. — Territory  mapping 
surveys  (Bibby  et  al.  2000)  were  conducted 
by  two  experienced  observers  from  25  May 
to  28  June  2005  along  three  fixed-width  tran¬ 
sects  (total  length  =  4,925  m)  in  fens  where 
Sedge  Wrens  had  been  located  regularly  (Re- 
groupement  QuebecOiseaux,  unpubl.  data). 
Transect  width  was  300  m  (150  m  each  side) 
(Fig.  1).  Each  transect  was  surveyed  on  nine 
or  10  occasions,  between  sunrise  and  0900  hrs 
(EDST)  on  days  when  there  was  no  rain  and 
winds  were  <20  km/hr.  Each  survey  was 
completed  by  an  observer  walking  slowly  (<2 
km/hr)  along  the  transect  and  stopping  every 
200  m  for  a  1-min  listening  period,  and  ap- 
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preaching  each  Sedge  Wren  heard  or  seen 
within  the  transect.  Once  located,  a  wren  was 
observed  passively  for  5-10  min  to  note  its 
movements  and  to  register  (afterwards)  as 
many  locations  as  possible  using  a  Global  Po¬ 
sitioning  System  (GPS)  (Garmin  GPS  76®, 
Garmin  Ltd.,  Olathe,  KS,  USA),  before  pro¬ 
ceeding  along  the  transect.  Observers  alter¬ 
nated  transects  from  day  to  day,  as  well  as 
walking  direction  while  surveying  transects. 

We  mapped  all  wren  locations  (n  =  707) 
using  Maplnfo  7.0  GIS  software  and  assumed 
that  clusters  of  locations  from  separate  visits 
originated  from  individual  wrens  (Bibby  et  al. 
2000).  Sedge  Wrens  occupy  small  territories 
(Burns  1982)  and  we  identified  48  “occu¬ 
pied”  stations  by  placing  a  20-m  radius  circle 
(0.13  ha)  on  the  centroid  of  each  cluster  of 
locations  where  wrens  had  been  detected  in 
>2  surveys  (85.4%  of  stations  had  wrens  de¬ 
tected  in  >3  surveys).  We  identified  101  “un¬ 
occupied”  stations  by  outlining  the  maximum 
number  of  non-overlapping  45-m  radius  plots 
(i.e.,  20-m  radius  territories  plus  a  25-m  buffer 
to  keep  >50  m  between  each  station  for  pre¬ 
serving  spatial  independence  of  data)  within 
the  300-m  wide  transects  in  areas  where  wrens 
were  not  detected. 

Habitat  Sampling. — We  measured  habitat 
characteristics  at  40  occupied  and  40  unoc¬ 
cupied  randomly  selected  stations  (Whitmore 
1981)  on  18-22  July  and  8-11  September 
2005.  We  used  line-intercept  (Bonham  1989, 
Chapman  et  al.  2004)  to  quantify  vegetation 
cover  along  four  20-m  transects  originating 
from  the  station  center  and  aligned  in  cardinal 
directions,  for  a  total  length  of  80  m.  We  re¬ 
corded  dominant  and  subdominant  plant  spe¬ 
cies,  open  water,  and  open  area  (no  vegetation 
or  litter)  along  each  transect  (width  =  50  cm), 
and  noted  transition  points  between  vegetation 
patches  from  the  center  (minimum  length  = 
50  cm)  with  distinctive  dominant  or  subdom¬ 
inant  species.  We  calculated  a  relative  cover 
index  for  each  species  to  account  for  dominant 
and  subdominant  species  along  transects.  We 
calculated  the  product  of  the  patch  length  for 
a  given  vegetation  patch  with  a  weight  of  1  if 
only  one  species  was  present,  or  a  weight  of 
0.7  (for  the  dominant)  and  0.3  (for  the  sub¬ 
dominant)  if  two  plant  species  were  present. 
We  summed  these  values  for  each  species  rel¬ 
ative  to  the  total  length  of  transects. 


We  used  Shannon  (H')  and  evenness  (J') 
indices  (Zar  1984)  as  measures  of  station 
structural  heterogeneity  using  the  relative  in¬ 
dex  of  herbaceous  species,  open  water,  and 
open  area.  We  estimated  structural  heteroge¬ 
neity  using  the  number  of  transition  points 
(Vickery  et  al.  1994)  of  dominant  herbaceous 
vegetation  patches  along  transects  over  the 
maximum  number  of  possible  transition 
points  (i.e.,  160  given  a  minimum  length  of 
50  cm  and  80  m  of  transects).  We  defined  spe¬ 
cies  richness  as  the  total  number  of  herba¬ 
ceous  species  recorded  along  all  transects  in¬ 
cluding  both  dominant  and  subdominant  spe¬ 
cies.  Woody  plants  were  recorded  separately 
from  herbaceous  species  along  transects  and 
we  calculated  the  number  and  mean  length  of 
shrub  stands  along  transects.  We  counted  the 
number  of  tall  (>1.5  m)  and  short  (<1.5  m) 
shrubs  (distinctive  stalks  were  counted  sepa¬ 
rately)  within  each  station  (0.126  ha)  and  cal¬ 
culated  their  respective  densities  per  ha. 

We  identified  all  dominant  and  subdomi¬ 
nant  plant  species  within  nine  0.25-m2  circular 
plots  positioned  at  the  center  of  each  station 
and  every  10  and  20  m  along  the  four  tran¬ 
sects.  We  also  measured  water  depth,  vegeta¬ 
tion  density  (number  of  stems  of  dominant 
and  subdominant  species),  height  of  live  and 
dead  vegetation  (litter  depth),  and  lateral  vis¬ 
ibility  in  each  plot.  We  measured  lateral  visi¬ 
bility  (reciprocal  of  vertical  cover)  using  a  2- 
m  high  vegetation  profile  board  (Nudds  1977) 
that  consisted  of  25-cm  long  and  4.5-cm  wide 
alternating  black  and  white  rectangles.  We  es¬ 
timated  visibility  (0  =  totally  obstructed;  1  = 
1-20%  visible;  2  '=  21-40%  visible;  3  =  41- 
60%  visible;  4  =  61-80%  visible;  5  =  81- 
99%  visible;  6  =  entirely  visible)  of  each  rect¬ 
angle  in  =  8)  from  a  distance  of  5  m  at  a 
height  of  1.2  m  on  each  side  of  the  board.  The 
distance,  height,  and  species  of  the  nearest 
shrub  were  noted  for  each  plot.  We  calculated 
mean  and  coefficient  of  variation  of  the  height 
of  live  and  dead  vegetation,  water  depth,  and 
lateral  visibility  at  each  height  interval,  mean 
lateral  visibility  for  all  height  intervals,  and 
distance  and  height  of  the  nearest  shrub  at 
each  station.  We  averaged  the  two  lateral  vis¬ 
ibility  values  measured  at  each  height  interval 
before  calculating  mean  values  at  the  station 
scale. 

Statistical  Analysis. — Data  screening  through 
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correlations  allowed  us  to  discard  redundant 
and  highly  correlated  (Pearson  r  >  0.85)  var¬ 
iables;  we  retained  18  of  54  variables  obtained 
from  habitat  sampling  and  used  Student’s  t- 
tests  to  compare  mean  values  for  occupied  and 
unoccupied  stations.  Statistical  significance 
was  set  at  P  =  0.003  (0.05/18)  after  applying 
the  Bonferroni  correction  because  of  multiple 
testing  of  variables  from  a  single  data  set.  Var¬ 
iables  were  also  entered  into  a  non-metric 
multidimensional  scaling  analysis  (NMDS)  to 
position  occupied  and  unoccupied  stations  in 
the  ordination  space  with  respect  to  their 
habitat  structural  similarity.  NMDS  is  an  or¬ 
dination  method  which  maximizes  rank-order 
correlation  between  distance  measures  and 
distance  in  ordination  space,  and  was  pre¬ 
ferred  to  principal  component  analysis  be¬ 
cause  descriptive  variables  were  not  normally 
distributed  and  showed  no  linear  relationships 
(Minchin  1987,  Jongman  et  al.  1995,  McCune 
and  Grace  2002).  We  used  the  Sprenson 
(Bray-Curtis)  distance  measure  on  relativized 
variables  and  the  autopilot  “slow  and  thor¬ 
ough”  procedure  in  PC-ORD  V.4  (McCune 
and  Mefford  1999)  with  an  automatically  gen¬ 
erated  file  from  preliminary  analysis  of  the 
NMDS  as  the  starting  configuration,  following 
McCune  and  Grace  (2002).  We  calculated 
Pearson  correlation  coefficients  between  var¬ 
iables  and  stations  scores  along  the  first  and 
second  axes  to  identify  variables  driving  the 
ordination.  We  also  used  discriminant  analysis 
(DA)  to  differentiate  occupied  and  unoccupied 
stations.  A  stepwise  DA  was  first  performed 
to  select  the  best  discriminating  variables  (P 
value  for  entry  and  retention  =  0.15;  n  =  18 
variables)  followed  by  a  canonical  DA  to  po¬ 
sition  stations  along  a  two-dimensional  space. 
Variables  with  high  discriminating  power 
were  assessed  via  the  structure  coefficients 
(total  canonical  structure). 

The  relative  cover  index  of  shrub  and  her¬ 
baceous  species  cover  along  transects  was  arc¬ 
sine  transformed  and  compared  between  oc¬ 
cupied  and  unoccupied  stations  using  Stu¬ 
dent’s  f-tests.  We  used  detrended  correspon¬ 
dence  analysis  (DCA)  to  position  stations  in 
an  ordination  space  with  respect  to  their  veg¬ 
etation  composition.  We  calculated  Pearson 
correlation  coefficients  between  species  in  the 
relative  cover  index  and  their  scores  on  the 
first  two  axes  to  identify  species  responsible 


for  station  positioning  along  axes,  considering 
only  species  present  at  >5  stations.  We  com¬ 
pared  mean  station  scores  for  every  ordination 
method  (NMDS,  DA,  DCA),  along  the  first 
and  second  axes  between  occupied  and  un¬ 
occupied  stations  using  Student  f-tests.  Ordi¬ 
nation  and  statistical  analyses  were  performed 
with  PC-ORD  V.4  (McCune  and  Mefford 
1999)  and  SAS  V.9  (SAS  Institute  Inc.  2004). 

Preliminary  analyses  revealed  no  signifi¬ 
cant  differences  between  habitat  structure  var¬ 
iables  (e.g.,  vegetation  height,  shrub  density) 
sampled  in  July  and  September,  although  the 
relative  cover  index  of  some  herbaceous  plant 
species  (e.g.,  Sagittaria  latifolia  and  Thelyp- 
teris  palustris)  and  water  depth  varied  be¬ 
tween  periods.  We  chose  to  pool  data  from 
both  sampling  periods  for  analyses  consider¬ 
ing  we  sampled  the  same  number  of  occupied 
and  unoccupied  stations  during  each  sampling 
period;  we  believe  these  minor  seasonal  dif¬ 
ferences  did  not  affect  our  ability  to  identify 
variables  affecting  Sedge  Wren  habitat  selec¬ 
tion. 

RESULTS 

Sedge  Wren  Surveys. — We  found  0.21 
Sedge  Wrens/ha‘  along  transects.  Number  of 
wrens  along  transects  varied  little  during  the 
survey  period  with  an  average  for  each  tran¬ 
sect  of  14.5  ±  1.7  (SD),  5.4  ±  1.2,  and  5.5  ± 
1.7  individuals/survey.  Many  stations  were 
apparently  unoccupied  during  several  surveys; 
for  example,  15.2,  16.7,  and  37.5%  of  stations 
were  occupied  during  only  one  survey,  de¬ 
pending  on  transects. 

Habitat  Structure. — Stations  occupied  by 
Sedge  Wrens  had  higher  lateral  visibility  (low¬ 
er  vertical  cover)  and  lower  shrub  cover  (i.e., 
lower  tall  shrub  density,  fewer  shrub  stands, 
reduced  length  of  stands  along  transects,  and 
greater  distance  to  the  nearest  shrub)  (Table 
1).  Mean  lateral  visibility  was  low  (<25%) 
below  100  cm  and  did  not  differ  between  oc¬ 
cupied  or  unoccupied  stations;  visibility  was 
consistently  greater  at  stations  occupied  by 
wrens  for  higher  height  classes  (Fig.  2).  Water 
depth,  plant  species  richness,  vegetation 
height,  diversity,  evenness,  and  structural  het¬ 
erogeneity  did  not  differ  between  occupied 
and  unoccupied  stations  (Table  1 ). 

Six  axes  were  identified  in  preliminary 
analysis  of  the  NMDS  but  two  were  kept  (fi- 
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TABLE  1.  Habitat  variables  (n  =  18)  sampled  at  stations  occupied  (n  =  40)  or  unoccupied  (n  =  40)  by 
Sedge  Wrens  in  May-June  2005  at  Lake  Saint-Frangois  National  Wildlife  Area,  Quebec,  Canada. 

Occupied  Unoccupied  Student’s  /-test 


Variables  Mean  ±  SD  Mean  ±  SD  /  P 


Plant  species  richness 

7.3 

-F 

1.3 

7.0 

-F 

1.6 

-1.05 

0.30 

Shannon  index,  H' 

0.51 

0.12 

0.5 

0.09 

-0.27 

0.78 

Evenness  index,  J' 

0.59 

0.13 

0.6 

-F 

0.08 

0.49 

0.62 

Structural  heterogeneity 

0.07 

-F 

0.03 

0.07 

-F 

0.04 

1.07 

0.29 

Mean  lateral  visibility,  % 

45.3 

8.0 

35.0 

16.2 

-3.62 

<0.001 

Water  depth,  cm 

5.2 

± 

2.5 

5.4 

-F 

3.6 

0.19 

0.85 

Height  of  live  vegetation,  cm 

101.5 

-F 

8.6 

105.0 

-F 

15.5 

1.24 

0.22 

CV  of  height  of  live  vegetation 

9.4 

± 

5.7 

12.8 

+ 

7.9 

2.18 

0.032 

Height  of  dead  vegetation,  cm 

42.2 

+ 

9.1 

39.2 

12.8 

-1.23 

0.22 

CV  of  height  of  dead  vegetation 

25.0 

-F 

11.8 

45.4 

47.9 

2.61 

0.011 

Height  of  the  nearest  shrub,  cm 

1.8 

0.5 

2.1 

0.7 

2.24 

0.028 

CV  of  height  of  the  nearest  shrub 

26.7 

12.6 

32.3 

+ 

11.5 

2.08 

0.041 

Distance  to  the  nearest  shrub,  m 

7.0 

-F 

3.5 

4.4 

-F 

3.2 

-3.48 

<0.001 

CV  of  distance  to  the  nearest  shrub 

65.8 

15.9 

91.1 

37.8 

3.90 

<0.001 

Tall  shrub  (>1.5  m)  density,  nt ha 

61.1 

56.9 

357.5 

+ 

443.6 

4.19 

<0.001 

Short  shrub  (<1.5  m)  density,  nl ha 

32.0 

-F 

38.0 

51.3 

-F 

82.6 

1.34 

0.18 

Number  of  shrub  stands  along  transects 

0.8 

1.1 

3.8 

4.2 

4.32 

<0.001 

Length  of  shrub  stands  along  transects 

0.5 

0.6 

1.8 

1.8 

4.18 

<0.001 

nal  stress  =  12.6),  which  explained  71  and 
23%  of  the  variance.  We  found  a  significant 
difference  (f  =  —4.96;  P  <  0.001)  in  the  po¬ 
sitioning  of  stations  on  the  ordination  plot 
with  occupied  stations  being  concentrated  on 
one  side  of  the  first  axis  whereas  unoccupied 
stations  were  scattered  throughout  the  plot 
(Fig.  3).  Habitat  variables  responsible  for  sta¬ 
tion  positioning  along  the  first  axis  were  most¬ 
ly  shrub  cover  attributes  (e.g.,  tall  shrub  den¬ 
sity,  number  and  length  of  shrubs,  distance  to 
the  nearest  shrub)  and  lateral  visibility  (Table 
2).  Station  positioning  along  the  second  axis 
did  not  show  any  clear  pattern  (t  =  —  1 .92;  P 
=  0.059). 

Three  variables  were  retained  in  the  step¬ 
wise  DA:  number  of  shrub  stands  along  tran¬ 
sects,  mean  lateral  visibility,  and  short  shrub 
density.  The  frequency  distribution  of  station 
scores  varied  along  the  only  significant  axis, 
which  explained  41%  of  the  variance  (Fig.  4). 
Mean  scores  of  occupied  and  unoccupied  sta¬ 
tions  along  this  axis  differed  ( t  =  5.65;  P  < 
0.001),  and  unoccupied  stations  had  numerous 
shrub  stands  along  transects  (coefficient  = 
0.82),  high  short  shrub  density  (coefficient  = 
0.28),  and  low  visibility  (coefficient  = 
—0.70).  Several  unoccupied  stations  were  in 
close  proximity  to  stations  occupied  by  wrens 


along  the  first  axis  for  ordination  plots  result¬ 
ing  from  the  NMDS  and  DA  (Figs.  3,  4). 

Vegetation  Composition. — Shrubs  were  pre¬ 
sent  at  nearly  all  stations:  their  mean  cover 
was  low  (1%)  at  stations  occupied  by  Sedge 
Wrens  but  13.4%  at  unoccupied  stations  (Ta¬ 
ble  3).  Most  were  alders,  for  which  we  found 
a  significant  difference  between  occupied  and 
unoccupied  stations.  Willows  ( Salix  spp.)  and 
white  meadowsweet  ( Spiraea  alba  var.  lati- 
folia )  were  also  observed  but  had  minimal 
cover.  Carex  lacustris  largely  dominated  the 
herbaceous  community  with  C.  aquatilis, 
Lythrum  salicaria,  Thelypteris  palustris,  and 
Calamagrostis  canadensis  being  the  main 
subdominant  species.  These  species  covered 
>85.5%  of  the  herbaceous  layer  and  their  rel¬ 
ative  cover  index  did  not  vary  between  sta¬ 
tions  occupied  or  unoccupied  by  Sedge 
Wrens.  Typha  spp.,  Sparganium  eurycarpum , 
and  Impatiens  capensis  cover  differed  be¬ 
tween  the  two  groups  of  stations,  but  their  rel¬ 
ative  cover  index  within  stations  was  low  (Ta¬ 
ble  3). 

DCA  of  the  relative  cover  index  of  herba¬ 
ceous  species  revealed  no  difference  ( t  = 
—  1.03;  P  =  0.30)  between  mean  scores  of  oc¬ 
cupied  and  unoccupied  stations  along  the  first 
axis  of  the  ordination  (Fig.  5).  Stations  on  the 
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FIG.  2.  Mean  lateral  visibility  (±  SE)  for  25-cm  height  intervals  at  stations  occupied  (n  =  40)  or  unoccupied 
(n  =  40)  by  Sedge  Wrens  in  May-June  2005  at  Lake  Saint-Fran<jois  National  Wildlife  Area,  Quebec,  Canada. 
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FIG.  3.  First  two  axes  resulting  from  the  non-metric  multidimensional  scaling  analysis  of  18  descriptive 
variables  sampled  at  stations  occupied  ( n  =  40)  or  unoccupied  ( n  =  40)  by  Sedge  Wrens  in  May-June  2005  at 
Lake  Saint-Franijois  National  Wildlife  Area,  Quebec,  Canada. 
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TABLE  2.  Pearson  correlation  coefficients  (r)  between  habitat  variables  (Table  1)  and  their  respective  scores 
on  the  first  and  second  axis  of  a  non-metric  multidimensional  scaling  analysis. 

Habitat  variable 

Axis  1 

Axis  2 

Tall  shrub  (>1.5  m)  density,  n/ha 

-0.88 

-0.20 

Number  of  shrub  stands  along  transects 

-0.88 

-0.56 

Length  of  shrub  stands  along  transects 

-0.88 

-0.17 

CV  of  distance  to  the  nearest  shrub 

-0.73 

-0.47 

CV  of  height  of  live  vegetation 

-0.55 

-0.02 

CV  of  height  of  dead  vegetation 

-0.50 

-0.62 

Height  of  the  nearest  shrub,  cm 

-0.45 

0.50 

CV  of  height  of  the  nearest  shrub 

-0.42 

0.06 

Height  of  live  vegetation,  cm 

-0.19 

0.65 

Structural  heterogeneity 

-0.12 

0.18 

Short  shrub  (<1.5  m)  density,  n/ha 

-0.09 

-0.86 

Evenness  index,  J' 

-0.05 

-0.04 

Shannon  index,  H' 

-0.04 

-0.01 

Plant  species  richness 

0.01 

0.04 

Water  depth,  cm 

0.11 

0.26 

Height  of  dead  vegetation,  cm 

0.23 

0.77 

Mean  visibility,  % 

0.64 

-0.39 

Distance  to  the  nearest  shrub,  m 

0.67 

0.61 

left  of  the  first  axis  were  dominated  by  Carex 

stations,  as 

occupied 

stations  had  a  higher 

lacustris,  Lythrum  salicaria,  and  Calamagros- 

cover  of  Sparganium 

eurycarpum  and  Sagit- 

tis  canadensis,  whereas  Carex  aquatilis  and 

taria  latifolia,  and  lower  cover  of  Typha  spp. 

Thelypteris  palustris  dominated  the  herba- 

and  Alnus  incana  ssp. 

rug  os  a  (Table  4). 

ceous  species  in  stations  to  the  right  (Table  4). 

Occupied  and  unoccupied  stations  had  var- 

Mean  scores  along  axis  2  differed  ( t  =  4.06; 

iable  mean 

stem  densities: 

73.4  (range  = 

P  <  0.001)  between  occupied  and  unoccupied 

38.3-134.4)  and  63.4  (19.0- 

106.3)  stems/ha. 

-1.6 


-1.1 


-0.6 


-0.1  0.5 


1.0 
Axis  1 


1.5  2.0  2.5  3.0 


3.5 


FIG.  4.  Frequency  distribution  of  the  scores  at  stations  occupied  (n  =  40)  or  unoccupied  (n  =  40)  by  Sedge 
Wrens  in  May-June  2005  at  Lake  Saint-Fran9ois  National  Wildlife  Area,  Quebec,  Canada,  along  the  first  dis¬ 
criminant  axis  resulting  from  a  canonical  discriminant  analysis. 
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TABLE  3.  Relative  cover  index  of  shrub  and  herbaceous  plant  species  (present  in  a5  stations)  along  tran¬ 
sects  at  stations  occupied  ( n  =  40)  or  unoccupied  (n  =  40)  by  Sedge  Wrens  in  May-June  2005  at  Lake  Saint- 
Fran<jois  National  Wildlife  Area,  Quebec,  Canada. 


Occupied 


Unoccupied 


Student’s  Mest 


Group/Species  Mean  ±  SD  Mean  ±  SD  t  P 


Shrubs 

Alnus  incana  ssp.  rugosa 

0.5 

1.1 

12.3 

18.8 

4.44 

<0.001 

Salix  spp. 

0.4 

0.9 

0.9 

± 

2.0 

1.12 

0.26 

Spiraea  alba  var.  latifolia 

0.1 

± 

0.5 

0.2 

+ 

0.7 

-0.34 

0.74 

Herbaceous 

Carex  lacustris 

54.5 

23.7 

49.4 

24.9 

-1.08 

0.28 

C.  aquatilis 

15.3 

+ 

22.7 

12.0 

22.9 

-1.00 

0.32 

Lythrum  salicaria 

7.4 

5.0 

10.4 

+ 

7.6 

1.69 

0.1 

Thelypteris  palustris 

6.2 

7.2 

6.9 

-t- 

14.1 

-0.54 

0.59 

Calamagrostis  canadensis 

4.3 

3.7 

6.8 

8.2 

0.99 

0.32 

Typha  spp. 

2.4 

± 

4.7 

5.9 

10.4 

2.56 

0.01 

Sagittaria  latifolia 

4.2 

4.8 

3.6 

5.0 

-0.69 

0.49 

Sparganium  eurycarpum 

4.9 

4.4 

1.7 

-t- 

3.0 

-4.56 

<0.001 

Onoclea  sensibilis 

0.5 

+ 

0.9 

1.4 

3.4 

0.89 

0.38 

Impatiens  capensis 

0.0 

+ 

0.0 

0.9 

2.3 

2.78 

0.01 

Comarum  palustre 

0.0 

0.1 

0.1 

0.5 

1.19 

0.24 

Phragmites  australis 

0.1 

+ 

0.2 

0.0 

0.2 

-0.94 

0.35 

Polygonum  amphibium 

0.1 

± 

0.2 

0.0 

0.1 

-1.22 

0.23 

FIG.  5.  First  two  axes  of  the  detrended  correspondence  analysis  of  16  dominant  plant  species  sampled  at 
stations  occupied  ( n  =  40)  or  unoccupied  ( n  =  40)  by  Sedge  Wrens  in  May-June  2005  at  Lake  Saint-Frangois 
National  Wildlife  Area,  Quebec,  Canada. 
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TABLE  4.  Pearson  correlations  coefficients  (r)  be¬ 
tween  plant  species  (Table  3)  and  their  respective 
scores  on  the  first  and  second  axis  of  the  detrended 
correspondence  analysis. 

Species 

Axis  1 

Axis  2 

Carex  lacustris 

-0.87 

-0.16 

Lythrum  salicaria 

-0.53 

0.18 

Calamagrostis  canadensis 

-0.46 

0.23 

Impatiens  capensis 

-0.27 

0.33 

Onoclea  sensibilis 

-0.26 

0.50 

Alnus  incana  ssp.  rugosa 

-0.25 

0.56 

Spiraea  alba  var.  latifolia 

-0.17 

0.10 

Polygonum  amphibium 

-0.12 

-0.14 

Typha  spp. 

-0.06 

0.64 

Phragmites  australis 

-0.02 

0.19 

Sparganium  eurycarpum 

0.14 

-0.62 

Comarum  palustre 

0.20 

-0.05 

Sagittaria  latifolia 

0.27 

-0.52 

Salix  spp. 

0.30 

0.13 

Thelypteris  palustris 

0.48 

0.43 

Carex  aquatilis 

0.95 

-0.26 

respectively,  for  Carex  lacustris,  and  341.5 
(4.0-584.0)  and  429.8  (188.0-589.3),  respec¬ 
tively,  for  C.  aquatilis.  We  did  not  statistically 
compare  stem  densities  between  occupied  and 
unoccupied  stations  as  only  stems  of  dominant 
species  were  counted  in  plots.  The  reported 
ranges  of  values  suggest  there  was  no  marked 
difference  between  stations  occupied  or  un¬ 
occupied  by  Sedge  Wrens  with  respect  to  den¬ 
sity  of  the  two  dominant  sedge  species. 

•  DISCUSSION 

Habitat  structure  at  the  territory  scale  influ¬ 
enced  Sedge  Wren  occupancy  in  Lake  Saint- 
Francois  NWA  as  birds  preferred  stations  with 
lower  shrub  cover  and  higher  lateral  visibility 
in  sedge-dominated  wet  meadows.  Breeding 
Sedge  Wrens  are  typically  associated  with 
open,  humid  habitats  with  tall  growths  of 
dense  graminoid  vegetation  where  scattered 
shrubs  are  present  (Hanowski  et  al.  1999,  Her- 
kert  et  al.  2001,  Bakker  et  al.  2002, 
NatureServe  2007).  Stations  occupied  by 
wrens  had  a  combined  short  and  tall  mean 
shrub  density  of  93  shrubs/ha,  compared  to 
409  shrubs/ha  for  unoccupied  stations.  Few 
studies  have  presented  data  on  shrub  densities 
in  Sedge  Wren  breeding  territories.  Niemi  and 
Hanowski  (1984)  found  Sedge  Wrens  to  be 
abundant  in  Minnesota  in  habitats  with 
patchy,  low  (1-2  m)  shrubs  intermixed  with 


sedges,  where  shrub  densities  were  much 
higher  (medians  of  4,400-12,800  stems/ha  for 
shrubs  >30  cm  and  <2.5  cm  DBH)  than  in 
Lake  Saint-Franfois  NWA.  Wrens  have  been 
also  found  in  habitats  with  even  higher  shrub 
densities  (Niemi  1985).  It  is  difficult  to  com¬ 
pare  shrub  densities  as  physiognomy  varies 
among  species  and  methodologies  may  vary 
between  studies. 

Hanowski  et  al.  (1999)  and  Grant  et  al. 
(2004)  have  shown  Sedge  Wrens  are  nega¬ 
tively  associated  with  shrub  cover  at  local  or 
landscape  levels,  which  is  in  accordance  with 
our  results.  Our  study  area  was  dominated  by 
two  sedge  species  providing  almost  complete 
vertical  cover  below  100  cm.  Males  usually 
build  well-hidden  nests  near  (<0.5  m)  the 
ground,  using  fine  grasses  and  culms  of  sedg¬ 
es  (Walkinshaw  1935,  Burns  1982).  This  may 
explain  why  birds  were  using  areas  with  dense 
vegetative  cover  <100  cm  in  height.  Wrens 
preferred  areas  with  lower  vertical  cover 
(higher  visibility)  for  height  classes  above  100 
cm.  This  higher  visibility  may  improve  bird 
territorial  behavior  as  males  typically  sing 
from  taller  grass  stems  or  woody  branches  that 
protrude  above  the  grass/sedge  canopy  (Her- 
kert  et  al.  2001).  These  authors  also  reported 
Sedge  Wrens  relied  on  dense  herbaceous  cov¬ 
er  regardless  of  community  type.  We  found 
birds  in  fens  dominated  by  Carex  lacustris  or 
C.  aquatilis,  both  of  which  provided  important 
vertical  cover  even  though  they  greatly  differ 
in  leaf  shape  and  stem  densities  (USDA 
2008).  Sedge  Wrens  probably  select  their 
breeding  territory  based  on  the  structure  and 
cover  pattern  of  vegetation  rather  than  the  ac¬ 
tual  plant  species.  Baldwin  et  al.  (2007)  sug¬ 
gested  that  Sedge  Wrens  are  weak  flyers  that 
probably  rely  on  dense  graminoid  cover  for 
protection. 

Habitat  structure  and  vegetation  composi¬ 
tion  attributes  described  in  this  study  were 
sampled  at  the  “breeding  territory”  level. 
Bakker  et  al.  (2002)  showed  that  landscape 
attributes  may  also  be  important  in  explaining 
Sedge  Wren  distribution  in  the  mixed-grass 
region  of  South  Dakota,  as  their  occupancy 
rate  was  higher  in  small  patches  within  land¬ 
scapes  with  high  grassland  abundance  than  in 
large  patches  within  low  grassland  landscapes. 
Grant  et  al.  (2004)  reported  similar  results  in 
North  Dakota  where  plots  occupied  by  Sedge 
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Wrens  differed  significantly  in  terms  of  both 
local  (e.g.,  higher  litter  depth  and  shrub  cover) 
and  landscape  (aspen  [Populus  spp.]  wood¬ 
land  cover  within  500-m  radius)  attributes. 
Our  sampling  design  did  not  allow  us  to  an¬ 
alyze  the  potential  influence  of  landscape  at¬ 
tributes  on  site  selection  as  transects  were  all 
in  one  specific  area  of  Lake  Saint-Frangois 
NWA.  However,  we  consider  that  character¬ 
istics  of  the  surrounding  landscape  may  influ¬ 
ence  Sedge  Wren  distribution  and  occupancy 
in  southern  Quebec.  Most  sites  occupied  by 
Sedge  Wrens  in  Quebec  have  been  in  small 
wet  meadows  surrounded  by  agricultural  or 
forested  landscapes,  where  wren  abundance 
and  site  tenacity  are  usually  low  (Regroupe- 
ment  QuebecOiseaux,  unpubl.  data).  The  sit¬ 
uation  is  strikingly  different  in  Lake  Saint- 
Frangois  NWA  and  vicinity  where  large  tracts 
of  wetlands,  including  fens,  have  been  used 
by  numerous  Sedge  Wrens  for  decades  (Rob¬ 
ert  2002).  Sedge  Wrens  may  be  more  common 
in  landscapes  where  the  number  and  size  of 
wetland  patches  is  high  (Thogmartin  et  al. 
2006),  although  Fairbairn  and  Dinsmore 
(2001)  suggest  that  habitat  features  outside  a 
wetland  complex  may  be  important  in  its  se¬ 
lection  by  Sedge  Wrens.  Habitat  selection 
generally  acts  at  different  spatial  scales  (Free- 
mark  et  al.  1995,  Mazerolle  and  Villard  1999) 
and  suggests  that  wrens  may  first  be  attracted 
to  areas  with  high  wetland  cover  at  the  land¬ 
scape  scale  before  selecting  specific  territory 
sites  within  those  landscapes.  The  extent  of 
wetland  habitat  in  Lake  Saint-Frangois  NWA 
and  vicinity,  as  well  as  its  permanent  nature, 
may  largely  explain  the  stability  of  this  unique 
Sedge  Wren  population  in  southern  Quebec.  It 
may  also  explain  why  Sedge  Wrens  apparent¬ 
ly  initiate  nesting  as  early  as  other  passerines 
in  Lake  Saint-Frangois  NWA  (Fragnier  and 
Robert  1996)  contrary  to  the  assertion  that 
breeding  is  not  initiated  until  July  in  many 
northeastern  states  (Herkert  et  al.  2001, 
NatureServe  2007). 

Many  stations  were  occupied  during  only  a 
few  surveys,  although  the  number  of  wrens 
surveyed  along  transects  varied  little  over 
time.  Our  results  may  indicate  that  some 
males  moved  among  adjacent  areas  between 
surveys.  Burns  (1982)  also  found  that  male 
Sedge  Wrens  may  stop  defending  some  por¬ 
tions  of  their  territories  and  shift  to  new  areas 


as  the  season  progressed.  Adjacent  occupied 
stations  in  our  study  may  have  been  advertised 
by  single  individuals. 

To  our  knowledge,  this  study  is  the  first 
conducted  of  breeding  habitat  of  Sedge  Wrens 
in  the  northeastern  portion  of  its  distribution. 
Significant  numbers  of  Sedge  Wrens  had  been 
previously  reported  in  Lake  Saint-Frangois 
NWA  (Robert  2002)  but  we  were  surprised  by 
the  high  densities  (1.2  to  3.1  males/10  ha 
among  transects)  in  the  specific  area  we  sur¬ 
veyed,  as  they  were  of  similar  magnitude  to 
those  originating  from  studies  in  the  mid- 
western  USA  (Herkert  et  al.  2001),  where 
Sedge  Wren  densities  are  usually  higher 
(Sauer  et  al.  2007).  Our  transects  sampled 
~47%  of  all  suitable  habitat  in  the  studied 
fens,  and  we  estimate  there  could  have  been 
up  to  60  Sedge  Wrens  (males)  in  these  specific 
fens  considering  their  surface  area  and  den¬ 
sities  observed.  Additional  potential  habitats 
(~290  ha)  occur  elsewhere  in  the  Lake  Saint- 
Frangois  NWA  and  vicinity,  most  of  which  are 
known  to  be  occupied  by  Sedge  Wrens  (Re- 
groupement  QuebecOiseaux,  unpubl.  data). 
Similar  calculations  indicate  the  entire  area 
may  have  >121  males,  clearly  making  the 
area  a  stronghold  for  Sedge  Wrens  in  the 
Northeast.  Fens  and  other  wetlands  not  cur¬ 
rently  protected  in  the  vicinity  of  Lake  Saint- 
Frangois  NWA  should  be  considered  as  po¬ 
tential  conservation  areas. 

Shrub  removal  by  shearing  and/or  burning 
wetland  brush  ecosystems  increased  Sedge 
Wren  abundance  in  Minnesota  (Hanowski  et 
al.  1999)  and  we  recommend  that  land  man¬ 
agers  control  alder  invasion  into  the  fens  of 
Lake  Saint-Frangois  NWA.  Brisson  et  al. 
(2006)  showed  that  herbicide  treatment  of  cut 
stumps  in  winter  was  an  efficient  and  cost- 
effective  method  for  controlling  alder  invasion 
in  Lake  Saint-Frangois  NWA.  We  believe  this 
treatment  and  others  (Brisson  et  al.  2006)  may 
be  beneficial  not  only  to  Sedge  Wrens  but  also 
to  others  species  of  concern  in  southern  Que¬ 
bec,  such  as  Yellow  Rail,  Short-eared  Owl 
(Asio  flammeus ),  and  Sandhill  Crane  ( Grus 
canadensis).  The  risks  of  allowing  alder  en¬ 
croachment  to  proceed  in  Lake  Saint-Frangois 
NWA  may  be  more  problematic  than  imple¬ 
menting  a  control  operation  to  restore  open 
grass/sedge  wetlands.  However,  shrub  remov¬ 
al  and  control  should  be  conducted  in  con- 
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junction  with  a  bird  and  habitat  monitoring 
program  to  verify  the  effectiveness  of  habitat 
management  on  maintaining  open  fens  (e.g., 
vegetation  regeneration)  and  document  the  re¬ 
sponse  of  target  species  (Hanowski  et  al. 
1999). 
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INFLUENCE  OF  PRESCRIBED  FIRE  ON  WINTER  ABUNDANCE  OF 

BACHMAN’S  SPARROW 

JAMES  A.  COX1-3  AND  CLARK  D.  JONES1-2 


ABSTRACT. — Prescribed  fire  is  used  extensively  to  manage  breeding  habitat  for  Bachman’s  Sparrow  (Aim- 
ophila  aestivalis ),  but  little  is  known  about  the  effects  of  prescribed  fire  on  winter  habitat  requirements.  We  used 
conspecific  recordings  in  conjunction  with  point  counts  to  assess  relationships  between  winter  sparrow  abundance 
and  use  of  prescribed  fire.  Counts  of  sparrows  conducted  over  three  winters  were  higher  (0.59  ±  0.42) 
(x  ±  SD)  when  surrounding  vegetation  was  burned  the  previous  breeding  season  than  in  areas  burned  >18 
months  earlier  (0.27  ±  0.38).  Year-to-year  abundance  estimates  for  individual  stations  increased  an  average  of 
0.39  (±  0.54)  individuals  per  count  when  surrounding  vegetation  was  burned  the  previous  breeding  season  and 
decreased  0.22  (±  0.59)  individuals  per  count  when  vegetation  was  not  burned.  Sparrow  counts  were  positively 
correlated  with  percent  bare  ground  cover  surrounding  census  stations  and  negatively  correlated  with  increases 
in  percent  grass  cover,  grass  standing  crop,  height  of  grass,  and  shrubs  <1  m  in  height.  Prescribed  fire  may 
improve  winter  foraging  conditions  for  this  ground-dwelling  species  by  reducing  dense  grass  cover  at  ground 
level.  Increased  flowering  responses  that  many  dominant  plants  exhibit  following  burns  also  may  improve  winter 
food  resources.  We  observed  color-marked  birds  (n  =  18)  in  the  same  areas  used  during  the  breeding  season 
and  confirmed  the  maintenance  of  year-round  home  ranges  by  some  individuals.  Received  22  September  2007. 
Accepted  30  September  2008. 


Winter  habitat  preferences  of  Bachman's 
Sparrows  ( Aimophila  aestivalis)  are  vague  be¬ 
cause  individuals  are  difficult  to  observe  out¬ 
side  the  breeding  season  (Dunning  2006).  Use 
of  conspecific  recordings  increases  detections 
of  Bachman’s  Sparrows  during  winter  (Cox 
and  Jones  2004),  and  surveys  using  conspe¬ 
cific  recordings  could  help  in  evaluating 
changes  in  winter  sparrow  abundance  in  re¬ 
lation  to  differences  in  habitat,  climate,  and 
management  practices  including  use  of  pre¬ 
scribed  fire.  Better  information  on  winter  hab¬ 
itat  associations  is  listed  as  a  research  priority 
by  organizations  concerned  with  conservation 
and  management  of  this  declining  species 
(Mitchell  1998,  Meyer  2006). 

We  conducted  winter  surveys  of  Bachman’s 
Sparrows  using  conspecific  recordings  to  as¬ 
sess  relationships  between  winter  sparrow 
abundance  and  use  of  prescribed  fire  during 
the  breeding  season.  Bachman’s  Sparrows  nest 
and  forage  on  the  ground  (Dunning  2006),  and 
appropriate  breeding  season  conditions  are 
best  maintained  using  frequent  (<3  years) 
prescribed  fire  (Tucker  et  al.  2004).  There  has 
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been  little  research  on  the  influence  of  pre¬ 
scribed  fire  on  wintering  birds  (King  et  al. 
1998,  Vickery  et  al.  1999),  and  relationships 
between  winter  sparrow  abundance  and  pre¬ 
scribed  fire  may  differ  from  relationships  ob¬ 
served  during  the  breeding  season. 

The  objective  of  our  study  was  to  compare 
sparrow  abundance  in  winter  in  areas  that  dif¬ 
fered  in  terms  of  the  timing  of  recent  pre¬ 
scribed  fires.  We  compared  winter  counts 
(Nov— Jan)  conducted  in  areas  where  vegeta¬ 
tion  was  burned  in  May  of  the  previous  breed¬ 
ing  season  (i.e.,  6-10  months  before  Nov-Jan 
counts)  with  counts  conducted  in  areas  where 
vegetation  was  burned  two  breeding  seasons 
prior,  also  in  May'(i.e.,  18-22  months  prior  to 
counts).  We  also  quantified  vegetation  features 
and  evaluated  relationships  between  sparrow 
abundance  and  changes  in  vegetation  structure 
during  post-fire  succession.  Our  study  sites 
coincided  with  areas  where  large  color- 
marked  populations  (n  >  350)  have  been  es¬ 
tablished  for  breeding-season  studies  (Cox 
and  Jones  2007).  Observations  of  color- 
marked  individuals  during  winter  surveys  al¬ 
lowed  us  to  compare  winter  locations  with 
known  breeding-season  home  ranges  (Cox 
and  Jones  2007). 

METHODS 

Our  study  was  conducted  in  southwest 
Georgia  (USA)  on  Pebble  Hill  (Grady  Coun- 
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ty;  30°  46'  N,  84°  06'  W)  and  Arcadia  (Thom¬ 
as  County;  30°  46'  N,  84°  00'  W)  plantations. 
The  properties  contained  extensive  areas 
(>500  ha)  of  undisturbed  ground  cover  (Am¬ 
brose  2001)  and  mature  forests  dominated  by 
longleaf  pine  ( Pinus  palustris).  Approximate¬ 
ly  50%  of  the  available  sparrow  habitat  on 
each  property  was  burned  in  May  during  each 
year  of  study.  The  size  of  burn  blocks  varied 
from  10  to  60  ha,  and  fires  typically  removed 
>98%  of  the  ground  cover  vegetation  within 
burn  blocks  (Tall  Timbers  Research  Station, 
unpubl.  data). 

Four  point-count  stations  were  spaced  200 
m  apart  along  four  transects  on  each  property 
(n  =  32  stations).  Previous  winter  surveys 
conducted  on  these  properties  suggested  a  dis¬ 
tance  &200  m  eliminated  spatial  autocorrela¬ 
tion  among  counts  (JAC,  unpubl.  data).  Cen¬ 
sus  stations  were  aligned  with  burn  blocks  to 
ensure  that  ground  cover  vegetation  within 
100  m  of  each  station  either  was  burned  ex¬ 
tensively  (>80%)  or  negligibly  (<20%)  dur¬ 
ing  each  year  of  study  (hereafter  called 
‘burned’  and  ‘unburned’  treatments).  Counts 
were  distributed  equally  between  bum  treat¬ 
ments  on  both  properties,  and  the  fire  fre¬ 
quency  used  (i.e.,  50%  of  each  property 
burned  in  an  alternating  manner)  resulted  in 
survey  stations  alternating  between  burned 
and  unbumed  treatments  during  the  3  years  of 
study  (i.e.,  stations  with  <20%  burned  in  May 

2005  and  2007  had  >80%  burned  in  May 

2006  and  vice  versa). 

Census  stations  were  visited  six  times  from 
November  to  January  during  each  year  of 
study  (2005-2006,  2006-2007,  and  2007- 
2008).  Surveys  were  performed  a  half-hour 
before  and  up  to  2.5  hrs  after  sunrise,  and  the 
order  in  which  we  visited  transects  varied  with 
each  survey.  A  recording  containing  primary 
and  excited  songs,  and  aggressive  ‘chitter’ 
notes  (Dunning  2006)  was  played  at  each  sta¬ 
tion  for  2  min.  We  counted  Bachman’s  Spar¬ 
rows  that  responded  with  distinctive  chip 
notes  (Cox  and  Jones  2004,  Dunning  2006) 
within  100  m.  Locations  of  color-banded  in¬ 
dividuals  (Cox  and  Jones  2007)  that  flew  to 
exposed  perches  in  response  to  recordings 
were  geographically  referenced  using  a  hand¬ 
held  global  positioning  system  (Trimble  Ex¬ 
plorer  III,  Trimble  Inc.,  Sunnyvale,  CA,  USA) 


for  comparison  to  breeding-season  home  rang¬ 
es  (Cox  and  Jones  2007). 

The  average  number  of  sparrows  recorded 
each  year  was  used  as  the  estimated  abun¬ 
dance  for  a  station.  We  subtracted  the  esti¬ 
mated  abundance  for  a  given  year  from  the 
estimate  obtained  at  the  same  station  the  fol¬ 
lowing  year  to  assess  the  influence  of  burn 
treatments.  The  differences  were  analyzed  us¬ 
ing  ANOVA  with  two  burn  treatments 
(burned  and  unburned),  two  sites  (Pebble  Hill 
and  Arcadia),  and  two  time  intervals  (winter 

2005— 06  vs.  winter  2006—07  and  winter 

2006— 07  vs.  winter  2007-08)  as  independent 
factors.  We  controlled  for  variation  in  soil 
conditions,  proximity  to  other  habitat  types, 
and  other  site-specific  features  (but  not  for 
other  effects  such  as  overall  breeding  season 
productivity)  by  comparing  changes  as  census 
stations  alternated  between  burned  and  un¬ 
burned  treatments.  Plots  of  least  squares 
means  were  used  to  interpret  higher-level  in¬ 
teractions  (Wilkinson  1998). 

The  probability  of  detecting  sparrows  at 
census  stations  was  analyzed  using  the  single¬ 
season  model  in  program  PRESENCE  (Hines 
2006)  with  years,  burn  treatments,  and  prop¬ 
erties  treated  as  covariates.  The  multi-season 
model  available  in  PRESENCE  (Hines  2006) 
was  not  used  because  sparrows  were  detected 
at  &95%  of  the  stations  sampled  (i.e.,  extinc¬ 
tion  and  colonization  events  were  minimal). 
Models  comparing  detection  probabilities 
with  year,  burn  treatment,  and  site  covariates 
were  evaluated  using  Akaike’s  Information 
Criterion  (AIC,  Akaike  1973).  Models  within 
AAIC  <  2  of  the  best  fitting  model  were  con¬ 
sidered  part  of  our  confidence  set  (Burnham 
and  Anderson  2002).  Distance-based  methods 
for  evaluating  point  count  data  (e.g.,  Buckland 
et  al.  2001)  were  not  used  because  conspecific 
recordings  likely  caused  birds  to  move  closer 
to  the  observer  and  therefore  violated  as¬ 
sumptions  associated  with  these  procedures. 

Shrub  and  ground-cover  measurements 
were  collected  at  four  plots  established  25  m 
from  the  centers  of  each  station  along  major 
compass  headings  ( n  =  128)  in  each  year  of 
study.  Woody  shrubs  were  quantified  at  two 
heights  (<1  and  >1  m)  following  James  and 
Shugart  (1970).  Woody  shrubs  <1  m  were 
quantified  separately  because  they  may  pro¬ 
vide  escape  cover  in  winter  (Dean  and  Vick- 
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TABLE  1.  Analysis  of  variance  comparing  differences  in  annual  Bachman’s  Sparrow  counts  among  burn 
treatments  (<20  vs.  >80%  burned),  intervals  (winter  2005—2006  vs.  2006—2007  and  winter  2006—2007  vs.  2007— 
2008),  and  sites  (Pebble  Hill  vs.  Arcadia  Plantation). 

Source 

ss 

df 

MS 

F 

P 

Site 

0.40 

i 

0.40 

1.38 

0.24 

Burn 

5.66 

i 

5.66 

19.344 

<0.01 

Interval 

0.56 

i 

0.56 

1.92 

0.17 

Site*burn 

0.57 

i 

0.57 

1.94 

0.17 

Site*interval 

1.44 

i 

1.44 

4.99 

0.03 

Burn*interval 

0.65 

i 

0.65 

2.23 

0.14 

Site*burn*interval 

0.02 

i 

0.02 

0.07 

0.80 

Error 

16.37 

56 

0.29 

ery  2003).  Grass  standing  crop  was  quantified 
by  measuring  the  resting  height  of  a  1.5-kg 
disk  after  it  was  dropped  from  a  height  of  70 
cm  over  10  randomly  selected  locations 
(Bransby  and  Tainton  1977).  Disk  resting 
height  is  higher  with  greater  grass  standing 
crop  (Bransby  and  Tainton  1977).  A  1-m2  cov¬ 
er  grid  with  16  cells  (Bonham  1989)  was  used 
to  quantify  percent  cover  for  different  ground- 
cover  categories.  The  grid  was  dropped  at  16 
random  locations  per  plot  and  the  number  of 
cells  dominated  by  four  classes  of  vegetation 
(bare  ground  [including  dead  litter],  forb, 
grass,  or  woody)  was  recorded.  Pine  and  hard¬ 
wood  basal  area  surrounding  stations  was  es¬ 
timated  using  forest  inventories  conducted  in 
2005  (Tall  Timbers  Research  Station,  unpubl. 
data).  Relationships  between  winter  sparrow 
abundance  and  timber  and  ground-cover  char¬ 
acteristics  (pooled  by  station)  were  assessed 
using  Pearson  correlations  with  P-values  ad¬ 
justed  for  multiple  comparisons  (Wilkinson 
1998). 

RESULTS 

The  average  (±  SD)  number  of  Bachman’s 
Sparrows  observed  at  all  stations  was  0.46  (± 
0.48),  but  counts  varied  by  burn  treatments 
and  other  factors  (Table  1).  Sparrow  abun¬ 
dance  increased  an  average  of  0.20  (±  0.47) 
and  0.57  (±  0.55)  for  the  two  time  intervals 
when  vegetation  surrounding  census  stations 
was  burned  the  previous  May.  Counts  de¬ 
creased  0.21  (±  0.60)  and  0.22  (±  0.59)  when 
vegetation  was  not  burned  for  the  same  time 
intervals.  Overall,  counts  averaged  0.59  (± 
0.42)  sparrows  at  stations  when  surrounding 
vegetation  was  burned  during  the  previous 
breeding  season,  while  counts  averaged  0.27 


(±  0.38)  sparrows  at  stations  when  vegetation 
was  not  burned. 

Significant  interactions  were  observed  be¬ 
tween  sites  and  time  intervals  (Table  1).  Com¬ 
parison  of  least  squares  means  indicated  the 
interactions  stemmed  from  (1)  larger  negative 
values  observed  on  Pebble  Hill  and  (2)  larger 
positive  values  observed  on  Arcadia  during 
the  first  time  interval  (winter  2005—06  vs. 
winter  2006-07).  The  average  difference  ob¬ 
served  on  Pebble  Hill  during  the  first  time  in¬ 
terval  was  —0.12  (±  0.41),  while  the  average 
observed  on  Arcadia  was  0.22  (±  0.42).  Dif¬ 
ferences  observed  on  Pebble  Hill  during  the 
second  time  interval  averaged  0.25  (±  0.60), 
while  the  average  observed  on  Arcadia  was 
0.10  (SD  =  0.78)  for  the  same  interval. 

Four  models  were  included  in  the  confi¬ 
dence  set  emerging  from  program  PRES¬ 
ENCE.  The  best  fitting  model  suggested  de¬ 
tection  probabilities  co-varied  with  site,  bum 
treatments,  and  years  (AIC  weight  =  0.285); 
however,  the  confidence  set  included  a  model 
with  constant  detection  probability  (AAIC  = 
1.32,  AIC  weight  =  0.147),  which  suggested 
detection  rates  were  similar  by  sites,  years, 
and  bum  treatments.  Detection  probability 
was  0.38  (SE  =  0.03)  for  this  model. 

Vegetation  measurements  in  areas  burned 
the  previous  breeding  season  (Table  2)  had 
less  grass  cover,  lower  average  grass  height 
and  grass  standing  crop,  and  fewer  woody 
shrubs  <1  m  in  height  (Table  2).  Ground  cov¬ 
er  associated  with  burn  treatments  also  con¬ 
tained  a  higher  percentage  of  bare  ground  (Ta¬ 
ble  2).  Percent  bare  ground  was  positively 
correlated  with  winter  sparrow  counts  ( P  :£ 
0.10,  Table  3),  while  four  measures  of  ground 
cover  vegetation  were  negatively  correlated 
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TABLE  2.  Average  vegetation  measurements  ( x  ±  SD)  recorded  at  census  stations  ( n  =  32)  during  each 
year  of  study.  Sites  burned  in  May  of  the  previous  breeding  season  (‘Burned’)  were  compared  to  sites  burned 
>18  months  earlier  also  during  May  (‘Unburned’).  P-values  are  based  on  f-tests  (df  =  95)  adjusted  for  multiple 
comparisons  using  Bonferroni  approximations  (Wilkinson  1998). 


Component 

Unburned 

Burned 

P 

Bare  ground0 

20.1 

±  16.1 

52.7 

± 

16.5 

<0.01 

Forb  cover0 

11.8 

±  7.1 

13.1 

9.2 

0.37 

Grass  cover0 

33.9 

±  16.6 

12.9 

+ 

6.5 

<0.01 

Woody  cover3 

34.1 

±  16.8 

21.4 

+ 

13.7 

0.17 

Grass  height15 

95.0 

±  15.6 

55.6 

13.7 

<0.01 

Grass  standing  crop0 

17.5 

±  4.2 

6.7 

0.9 

<0.01 

Shrubs  <1  md 

5.7 

±  4.5 

2.9 

2.3 

0.05 

Shrubs  >1  md 

8.4 

±  6.3 

6.8 

-1- 

5.4 

0.45 

3  Percent  cover  based  on  cells  (n  =  16)  within  a  1-m2  grid  dominated  by  component. 
b  cm  above  ground  level. 

c  Resting  height  above  ground  (cm)  of  a  1.5-kg  disk  dropped  from  a  height  of  70  cm. 
d  Shrub  strikes  measured  at  two  heights  along  20-step  transects. 


with  counts  ( P  £  0.10,  Table  3).  Sparrow 
numbers  were  lower  at  stations  where  grass 
standing  crop,  percent  grass  cover,  grass 
height,  and  shrubs  <1  m  in  height  were  all 
greater.  Several  vegetation  measurements 
were  correlated  (e.g.,  r  =  0.64-0.77  for  grass 
measurements)  and  reflected  a  transition  from 
bare  ground  to  increased  vegetation  cover  as 
post-fire  succession  proceeded. 

All  observations  of  color-marked  individu¬ 
als  (n  =  18)  occurred  within  50  m  of  home 
ranges  documented  during  the  breeding  sea¬ 
son.  Most  winter  observations  ( n  =  16)  also 
occurred  in  areas  burned  the  previous  breed¬ 
ing  season.  In  addition,  two  color-banded 
male-female  pairs  were  observed  together  in 
January  2007  and  nested  successfully  the  fol¬ 
lowing  breeding  season. 


TABLE  3.  Pearson  correlations  comparing  abun¬ 
dance  of  wintering  Bachman’s  Sparrows  at  census  sta¬ 
tions  with  vegetation  characteristics  surrounding  the 
station.  P- values  have  been  adjusted  for  multiple  com¬ 
parisons  (Wilkinson  1998). 

Component 

Correlation 

P 

Bare  ground 

0.34 

0.06 

Forb  cover 

0.02 

1.00 

Grass  cover 

-0.40 

0.01 

Woody  cover 

-0.09 

1.00 

Grass  height 

-0.35 

0.04 

Grass  standing  crop 

-0.53 

0.01 

Hardwood  shrubs  <1  m 

-0.33 

0.08 

Hardwood  shrubs  >1  m 

0.00 

1.00 

Pine  basal  area 

-0.18 

0.61 

Hardwood  basal  area 

-0.01 

1.00 

DISCUSSION 

Dunning  (2006)  described  Bachman’s  Spar¬ 
row  breeding  habitat  as  ‘ephemeral’  based  on 
decreases  in  sparrow  numbers  observed  as 
time  since  burning  increased.  Winter  habitat 
also  appears  to  be  ephemeral  and  can  change 
quickly  as  post-fire  succession  proceeds.  Win¬ 
ter  counts  were  consistently  higher  at  census 
stations  where  surrounding  vegetation  was 
burned  the  previous  breeding  season.  Sparrow 
abundance  at  individual  census  stations  also 
increased  >50%  when  surrounding  vegetation 
was  burned. 

The  variation  in  sparrow  abundance  we  ob¬ 
served  likely  resulted  from  (1)  changes  in 
winter  food  resources  and/or  (2)  changes  in 
the  structure  of  ground-cover  vegetation  as 
post-fire  succession  occurred.  The  winter  diet 
of  Bachman’s  Sparrow  contains  a  high  pro¬ 
portion  of  grass  seeds  and  other  plant  mate¬ 
rials  (Allaire  and  Fisher  1-975).  We  did  not 
quantify  food  availability,  but  some  common 
plants  (e.g.,  Aristida  and  Tephrosia )  on  our 
study  areas  produce  more  seeds  following 
burns  (especially  burns  conducted  after  Apr; 
Hiers  et  al.  2000).  Platt  et  al.  (1988)  and 
Streng  et  al.  (1993)  also  found  burns  con¬ 
ducted  after  April  generally  increased  the 
dominance  of  fall-flowering  forbs  and  grasses; 
insect  abundance  in  fall  also  may  be  greater 
following  burns  conducted  after  April  (Bren¬ 
nan  et  al.  1997). 

The  influence  of  ground-cover  vegetation 
structure  was  suggested  by  positive  correla¬ 
tions  between  sparrow  abundance  and  percent 
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bare  ground,  and  negative  correlations  be¬ 
tween  sparrow  abundance  and  grass  standing 
crop,  percent  grass  cover,  and  grass  height. 
Extensive  grass  cover  and  higher  grass  stand¬ 
ing  crop  in  our  area  leads  to  dense  matted  con¬ 
ditions  at  ground  level  where  sparrows  search 
for  food  on  foot  (Allaire  and  Fisher  1975, 
Dunning  2006).  Prescribed  fires  reduce  the 
density  of  grasses  and  may  improve  access  to 
food  (Brennan  et  al.  1997),  provided  vegeta¬ 
tion  also  has  recovered  sufficiently  to  provide 
concealment  from  predators  (Thatcher  et  al. 
2006).  Haggerty  (1998)  also  noted  relation¬ 
ships  between  sparse  vegetation  and  foraging 
behavior  during  the  breeding  season. 

Some  breeding-season  studies  (Engstrom  et 
al.  1984,  Dunning  and  Watts  1990,  Dunning 
2006)  have  linked  sparrow  abundances  to  in¬ 
creases  in  woody  shrubs  >  1  m  in  height.  The 
relationships  we  observed  suggested  subtle 
changes  in  winter  habitat  may  take  place  be¬ 
fore  woody  shrubs  exceeded  1  m.  Flowering 
responses  of  many  plants  diminish  in  the  sec¬ 
ond  growing  season  following  a  burn  (Platt  et 
al.  1988,  Streng  et  al.  1993,  Provencher  et  al. 
2001),  and  an  additional  year  of  plant  growth 
leads  to  denser  ground  cover  (e.g.,  disk  mea¬ 
surements  for  grass  standing  crop  >15  cm). 
Similar  relationships  have  been  observed  for 
Henslow’s  Sparrows  ( Ammodramus  henslo- 
wii),  which  also  winters  in  fire-maintained 
pinelands  in  the  southeastern  United  States 
(Tucker  and  Robinson  2003)  and  forages  pri¬ 
marily  on  the  ground  (Carrie  et  al.  2002). 
Wintering  Henslow’s  Sparrows  were  more 
abundant  in  areas  burned  recently,  and  both 
increased  food  resources  (Tucker  and  Robin¬ 
son  2003,  Bechtoldt  and  Stouffer  2005)  and/ 
or  open  ground-cover  structure  (Bechtoldt  and 
Stouffer  2005,  Johnson  2006)  have  been  sug¬ 
gested  as  reasons  for  these  differences. 

The  interaction  term  (Table  1 )  observed  be¬ 
tween  sites  and  time  intervals  suggested  other 
factors  also  influenced  winter  counts.  The 
consistency  of  year-to-year  differences  calcu¬ 
lated  for  individual  census  stations  affirmed 
the  importance  of  recent  burns,  but  winter 
abundance  also  could  be  influenced  by  breed¬ 
ing  season  productivity,  juvenile  survival,  lo¬ 
cal  climate,  and  several  other  factors  we  did 
not  measure.  In  addition,  the  size  of  burn 
blocks  at  Pebble  Hill  was  smaller  than  that  at 
Arcadia  (—10  vs.  60  ha).  Variation  in  the  size 


of  burn  blocks  created  a  more  heterogeneous 
mixture  of  burned  and  unbumed  areas  near 
point  counts  at  Pebble  Hill. 

Changes  in  winter  sparrow  abundance  ob¬ 
served  from  year  to  year  suggested  Bachman’s 
Sparrows  may  move  in  response  to  shifting 
food  resources  and  ground-cover  conditions. 
Winter  observations  of  color-marked  individ¬ 
uals  coincided  with  breeding  season  home 
ranges  and  suggested  some  individuals  did  not 
move.  Year-round  area  use  may  be  linked  to 
prescribed  fires  since  most  observations  of 
color-marked  birds  (n  =  16)  occurred  in  areas 
burned  the  previous  breeding  season.  Obser¬ 
vations  of  two  color-marked  pairs  also  sug¬ 
gested  pair  bonds  may  be  maintained  through 
winter  months  as  suggested  by  Haggerty 
(1988). 

Estimates  of  Bachman’s  Sparrow  abun¬ 
dance  obtained  from  winter  counts  may  be 
lower  than  estimates  obtained  from  breeding 
season  counts  (cf.  Plentovich  et  al.  1998),  but 
winter  counts  could  help  fill  information  gaps 
regarding  winter  distribution  (Dunning  2006) 
and  the  effects  of  different  management  prac¬ 
tices.  The  seasonal  timing  of  prescribed  fires 
warrants  further  evaluation  because  it  can  in¬ 
fluence  fall  insect  abundance  (Brennan  et  al. 
1997),  and  the  flowering  responses  and 
ground-cover  dominance  of  plants  (Platt  et  al. 
1988,  Streng  et  al.  1993).  Our  results  reaffirm 
the  importance  of  frequent  (£3  years)  pre¬ 
scribed  fire  in  maintaining  preferred  habitat 
conditions  for  Bachman’s  Sparrows  during 
both  winter  and  breeding  seasons  (Tucker  et 
al.  2004). 
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EFFECTS  OF  SUPPFEMENTAF  FOOD  AND  EXPERIENCE  ON 
WINTER  SURVIVAL  OF  TRANSPLANTED  WILD  TURKEYS 

MARCO  RESTANI,14  RICHARD  O.  KIMMEL,1 2  JOHN  R.  FIEBERG,3 4  AND 

SHARON  L.  GOETZ2 


ABSTRACT. — Wildlife  biologists  have  provided  supplemental  food  during  winter  to  improve  post-release 
survival  of  Wild  Turkeys  ( Meleagris  gallopavo )  transplanted  north  of  their  ancestral  range  in  Minnesota.  We 
evaluated  the  effectiveness  of  this  action  by  monitoring  overwinter  and  annual  survival  of  140  transplanted 
turkeys  on  three  supplemental  food  and  three  control  study  areas  in  2004  and  2005.  Both  winters  of  study  were 
mild  relative  to  historic  snowfall  levels  and  temperature.  Patterns  of  mortality  during  winter  were  consistent 
across  years  with  most  mortalities  occurring  on  control  study  sites.  Turkeys  that  had  been  released  in  the  prior 
year  and  survived  until  January  of  the  current  year  had  little  mortality,  regardless  of  supplemental  food.  The 
relative  risk  of  death  estimated  from  proportional  hazards  models  for  turkeys  at  supplemental  food  sites  relative 
to  those  at  control  sites  during  winter  was  5.0  in  2004  and  9.7  in  2005.  Estimates  of  relative  risk  for  newly 
released  relative  to  experienced  turkeys  during  winter  were  9.4  in  2004  and  12.6  in  2005.  Site-to-site  variability 
in  risk  decreased  during  the  non-winter  period  with  treatment  and  control  sites  having  more  similar  risk  levels. 
Ninety-one  turkeys  died  and  mammalian  predation  was  the  most  common  cause  of  known  mortality.  Received 
30  June  2008.  Accepted  15  September  2008. 


Historically,  the  northern  range  of  Wild 
Turkeys  ( Meleagris  gallopavo )  fluctuated  with 
winter  severity  (Leopold  1931,  Schorger 
1942,  Mosby  1959).  The  ancestral  range  has 
been  extended  in  Minnesota  by  transplanting 
wild-trapped  turkeys  in  response  to  stakehold¬ 
er  interests  for  greater  hunting  opportunity 
(Glines  2003,  Kimmel  and  Krueger  2007). 
Turkeys  have  withstood  cold  temperatures 
physiologically  but  food  has  been  a  limiting 
resource  during  periods  of  heavy  snow  when 
turkeys  reduced  foraging  activity  and  exhib¬ 
ited  energy-conservation  behaviors  (Austin 
and  DeGraff  1975,  Wunz  and  Hayden  1975, 
Oberlag  et  al.  1990,  Haroldson  et  al.  1998, 
Coup  and  Pekins  1999).  Conservation  groups, 
landowners,  and  wildlife  agencies,  including 
the  Minnesota  Department  of  Natural  Re¬ 
sources  (MNDNR),  have  planted  supplemen¬ 
tal  food  plots  of  corn  to  increase  survival  and 
improve  condition  of  turkeys  and  other  wild¬ 
life  during  winter.  Establishing  food  plots 
($250/ha)  and  transplanting  turkeys  ($350- 
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$500/bird;  G.  C.  Nelson,  pers.  comm.)  have 
been  expensive;  more  information  on  survival 
and  reproduction  of  transplanted  turkeys  is 
needed  to  evaluate  these  activities. 

Several  studies  have  examined  the  effect  of 
supplemental  food  on  winter  survival  of  Wild 
Turkeys  in  Minnesota.  Availability  of  com  in¬ 
creased  winter  survival  and  spring  condition  of 
female  turkeys  during  long  periods  of  deep 
snow  in  southeastern  Minnesota  (Porter  et  al. 
1980).  Moreover,  subsequent  reproductive  suc¬ 
cess  of  surviving  females  correlated  with  winter 
severity  (Porter  et  al.  1983).  Transplanted  hens 
in  central  Minnesota  also  had  higher  winter  sur¬ 
vival  on  study  areas  with  supplemental  food 
plots  compared  to  control  areas  (Kane  et  al. 
2007).  However,  hens  on  supplemental  food  ar¬ 
eas  had  high  mortality  during  the  nesting  and 
brood  rearing  periods  and,  as  a  result,  annual 
survival  was  similar  between  treatment  and  con¬ 
trol  sites  (Kane  2003).  The  reasons  for  differ¬ 
ential  mortality  during  spring  and  summer  be¬ 
tween  treatments  remained  unknown,  but  habitat 
differences  and  associated  rates  of  predation 
may  have  contributed  to  the  observed  pattern 
(Thogmartin  1999,  Thogmartin  and  Schaeffer 
2000).  Regardless  of  the  mortality  mechanism, 
supplemental  food  will  not  contribute  to  increas¬ 
es  of  northern  populations  of  Wild  Turkeys  if 
hens  with  higher  winter  survival  do  not  repro¬ 
duce  or  reproduce  at  low  rates  (Paisley  et  al. 
1998).  Sensitivity  analyses  have  indicated  that 
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reproduction  has  a  greater  role  than  winter  sur¬ 
vival  in  population  increases  (Roberts  et  al. 
1995). 

Our  objectives  for  2004  and  2005  were  to 
monitor  overwinter  and  annual  survival  of 
transplanted  Wild  Turkeys  on  supplemental 
food  and  control  study  areas  north  of  the  an¬ 
cestral  range  in  Minnesota.  We  increased  the 
number  of  study  areas  used  by  Kane  et  al. 
(2007),  and  also  evaluated  predator  abundance 
and  habitat  fragmentation  to  investigate  why 
hens  on  supplemental  food  study  areas  had  in¬ 
creased  mortality  during  summer.  We  used 
Cox  proportional  hazards  models  to  test  for 
differences  in  mortality  risk  among  turkeys  re¬ 
leased  in  supplemental  food  and  control  sites 
and  to  examine  if  risk  differed  between  newly 
released  and  established  birds  (i.e.,  from  re¬ 
leases  in  previous  years). 

METHODS 

Study  Area. — We  conducted  research  on  six 
113-km2  study  areas  in  rural,  central  Minne¬ 
sota  within  the  Mille  Lacs  Upland  on  the 
southern  edge  of  the  Laurentian  Mixed  Forest 
Province  (Fig.  1).  The  Mille  Lacs  Upland  is 
characterized  by  level  to  rolling  topography 
and  was  a  transitional  zone  between  the  Ano¬ 
ka  Sand  Plains  and  the  Tamarack  Lowlands 
(Marschner  1975,  Hanson  2000).  Over-story 
vegetation  communities  were  dominated  by 
oak  ( Quercus  spp.)  and  aspen  ( Populus  spp.). 
Evidence  of  past  and  present  human  distur¬ 
bances,  including  agriculture  and  forest  clear¬ 
ings,  exist  throughout  the  region.  Most  land- 
ownership  was  private  with  the  exception  of 
some  state  and  county  public  lands.  Histori¬ 
cally,  this  region  experienced  a  30-day  mean 
snow  cover  of  >30.5  cm  (MNDNR  2005). 

We  added  two  study  areas  to  Kane  et  al.’s 
(2007)  study  design  to  minimize  the  possible 
confounding  effect  of  latitude  and  treatment 
on  overwinter  survival  (i.e.,  their  2  food  sup¬ 
plemented  study  areas  were  farther  south  than 
their  2  control  study  areas).  Our  Morrison 
study  area  had  supplemental  food  and  was  at 
approximately  the  same  latitude  as  two  con¬ 
trol  study  areas  (Bradbury  and  Snake  River) 
(Fig.  1 ).  The  Sherburne  study  area  served  as 
a  control  and  was  at  approximately  the  same 
latitude  as  two  supplemental  food  study  areas 
(Foreston  and  Bock).  Study  areas  were  ~15— 
20  km  apart  to  reduce  turkey  movement  be¬ 


tween  treatment  and  control  sites.  The  three 
supplemental  food  study  areas  (Foreston, 
Bock,  and  Morrison)  were  in  agricultural  ar¬ 
eas  devoted  to  corn,  soybean,  hay,  and  dairy 
production. 

Supplemental  food  plots  consisted  of  stand¬ 
ing  corn  left  overwinter  and  some  turkey  feed¬ 
ers  containing  shell  corn.  Our  goal  was  to 
have  6-8  ha  of  standing  corn  near  potential 
roosting  sites  within  8  km  of  release  sites 
(Kane  et  al.  2007).  Other  winter  foods  includ¬ 
ed  residual  com  in  harvested  fields  and  ma¬ 
nure  from  livestock  and  dairy  farms  (Vander 
Haegen  et  al.  1989).  Supplemental  food  study 
areas  had  a  higher  density  of  roads  and  build¬ 
ings  than  the  control  study  areas,  but  a  few 
large  woodland  and  wetland  patches  also  ex¬ 
isted.  The  three  control  study  areas  were  in 
areas  containing  limited  agriculture.  Some 
supplemental  food  was  available  in  the  form 
of  bird  feeders  and  the  occasional  resident 
providing  corn  to  wildlife.  We  assumed 
amounts  of  food  were  either  similar  among 
the  six  study  areas  or  were  greater  on  supple¬ 
mental  food  sites  because  of  greater  human 
density.  Control  study  areas  were  character¬ 
ized  by  large  forest  and  wetland  patches  and 
few  roads  and  buildings.  Although  food  sup¬ 
plementation  was  potentially  confounded  with 
other  study  area  characteristics,  we  chose  to 
label  our  study  areas  as  dither  control  or  food- 
supplemented.  We  conducted  analyses  by 
study  area  to  address  this  potential  concern. 

Winter  Data  Collection. — MNDNR  biolo¬ 
gists  used  rocket  nets  to  capture  eastern  Wild 
Turkey  (M.  g.  silvestris)  hens  in  southeastern 
Minnesota  from  January  to  March  2004  and 
2005.  All  hens  were  weighed  to  the  nearest  0.23 
kg,  assigned  to  age  classes  (juvenile  or  adult; 
Pelham  and  Dickson  1992),  banded,  fitted  with 
a  radio-transmitter  positioned  backpack  style 
(Nenno  and  Healy  1979),  and  transplanted  to 
the  study  areas  within  24  hrs  of  capture.  Trans¬ 
mitters  (95-104  g,  40  cm  whip  antenna)  had  a 
3-year  battery  life  and  a  mortality  sensitive 
switch  (Advanced  Telemetry  Systems-ATS,  Is¬ 
anti,  MN,  USA).  We  used  model  R2000  receiv¬ 
ers  (ATS)  with  either  a  hand-held  3-element 
yagi  antenna  or  a  vehicle  mounted  omni-direc¬ 
tional  whip  antenna  and  homing  techniques 
(Samuel  and  Fuller  1994)  to  monitor  turkey 
movements  and  survival.  We  included  in  our 
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FIG.  1.  Study  areas  north  of  Wild  Turkey  ancestral  range  in  east-central  Minnesota,  2004  and  2005.  Historic 
range  reported  by  Leopold  (1931). 


study  those  surviving  turkeys  released  in  2002 
and  2003  from  Kane  et  al.  (2007). 

We  designated  the  winter  season  as  1  Janu¬ 
ary-31  March  (Palmer  et  al.  1993,  Kane  et  al. 
2007).  The  general  location  of  hens  was  ascer¬ 
tained  3-5  times/week  to  assign  fate  (alive  or 
dead).  We  investigated  mortality  sites  the  day  of 
discovery,  whenever  possible,  after  a  mortality 
signal  was  received.  We  classified  cause  of 
death  by  investigating  the  mortality  site  for  spe¬ 


cies-specific  predator  sign  such  as  tracks,  hair, 
or  feathers.  Mortalities  were  classified  as  mam¬ 
malian  or  avian  predation,  human  (vehicle 
strike),  starvation,  or  unknown  (Miller  et  al. 
1998,  Thogmartin  and  Schaeffer  2000). 

We  surveyed  supplemental  food  plots  on  foot 
prior  to  turkey  releases  and  each  month  post¬ 
release,  and  examined  30—40  cobs  to  ensure 
com  was  available  to  turkeys.  White-tailed  deer 
( Odocoileus  virginianus )  consumed  all  of  the 
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com  in  2004  on  the  Foreston  and  Bock  study 
areas  prior  to  releases,  and  we  placed  shell  com 
feeders  at  these  sites.  Feeders  were  placed  on  a 
2-m  high  platform  to  exclude  deer  and  were 
maintained  by  landowners.  We  examined  crop 
contents  of  dead  turkeys  to  identify  diet  on  sup¬ 
plemental  food  and  control  study  areas  during 
winter.  We  also  recorded  presence  of  turkeys 
and  tracks  in  com  plots. 

We  acquired  snow  depth  and  minimum  daily 
temperature  data  from  a  MNDNR  weather  sta¬ 
tion  near  Milaca  in  the  center  of  the  study  areas 
(Fig.  1 ).  We  calculated  the  number  of  days  when 
snow  depth  was  >30  cm  because  at  this  depth 
turkey  movement  is  greatly  reduced  (Austin  and 
DeGraff  1975,  Wunz  and  Hayden  1975)  and 
availability  of  natural  foods  declines  (Haroldson 
et  al.  1998).  We  calculated  the  number  of  days 
when  the  minimum  temperature  was  <  —  1 8°  C, 
the  temperature  used  in  the  MNDNR  winter  se¬ 
verity  index. 

Spring,  Summer,  and  Autumn  Data  Collec¬ 
tion. — We  designated  the  non-winter  period  as 
1  April-31  December  (Palmer  et  al.  1993).  We 
located  hens  via  telemetry  1-2  times/week 
and  investigated  mortality  sites  to  ascertain 
causes  of  death. 

We  conducted  scent-station  surveys  (Lin- 
hart  and  Knowlton  1975,  Sargeant  et  al.  1998) 
once  a  month  (May— Sep)  to  estimate  relative 
abundance  of  mammalian  predators  by  treat¬ 
ment  type.  Survey  transects  consisted  of  sta¬ 
tions  placed  >480  m  apart  along  unpaved 
roads.  We  placed  transects  on  the  least  trav¬ 
eled  and  most  interior  road  on  each  study  area. 
A  station  consisted  of  a  fatty-acid  scent  tablet 
in  the  center  of  exposed  soil  ~  1  m  in  diam¬ 
eter.  Stations  were  checked  after  48  hours  and 
mammalian  tracks  were  identified  conserva¬ 
tively  (i.e.,  a  track  was  added  to  the  data  only 
if  a  positive  identification  was  made  to  spe¬ 
cies).  Distinguishing  between  individuals  of 
the  same  species  was  not  possible  and  each 
species  had  a  maximum  count  of  one  per  sta¬ 
tion  in  the  analysis.  The  control  study  areas 
(Snake  River,  Bradbury,  and  Sherburne)  each 
had  10  stations/transect.  The  Bock  study  area 
also  had  10  stations/transect.  The  Foreston 
study  area  had  only  five  stations/transect  due 
to  the  lack  of  suitable  roads,  and  surveys  were 
not  conducted  on  the  Morrison  study  area. 

Statistical  Methods. — We  used  event  histo¬ 
ry  charts  (Goldman  1992,  Lee  et  al.  2000, 


Atherton  et  al.  2003)  to  visualize  release  and 
survival  data.  Event  charts  displayed  individ¬ 
ual  covariate  data  (e.g.,  release  site)  in  con¬ 
junction  with  important  events  (e.g.,  release 
day  and  day  of  censorship  or  death).  Charts 
also  provided  important  information  regarding 
study  design  and  insight  for  constructing  and 
judging  the  reliability  of  semi-parametric  pro¬ 
portional  hazards  models  (Therneau  and 
Grambsch  2000). 

Nenno  and  Healy  (1979:  table  1)  found 
changes  in  behavior  of  radio-marked  turkeys 
subsided  within  3  days  of  release.  Therefore, 
we  used  3  days  post-release  as  the  date  of 
study  entry,  and  did  not  include  turkeys  that 
died  before  3  days  in  events  charts  or  survival 
models  under  the  assumption  that  cause  of 
death  may  have  been  capture  related  («  =  5 
in  2004,  n  =  0  in  2005).  A  short  post-release 
adjustment  period  was  considered  appropriate 
because  our  goal  was  to  identify  the  relative 
risk  of  death  as  a  function  of  supplemental 
food  rather  than  to  obtain  an  unbiased  esti¬ 
mate  of  natural  survival. 

We  fit  two  sets  of  Cox  proportional  hazards 
models  to  the  data  (Cox  1972).  First,  we  fit  sep¬ 
arate  models  to  each  year  and  season  (winter  = 
1  Jan-31  Mar,  non- winter  =  1  Apr-31  Dec): 

[eq.  1]  h(t,  (3)  =  h0(t)&xp{x$x+z$J, 

where  ha(t)  was  the  baseline  hazard  (or  in¬ 
stantaneous  risk  of  death)  common  to  all  in¬ 
dividuals  at  time  t,  xi  =  1  if  the  turkey  resided 
on  a  control  study  site  and  0  otherwise,  and 
Zi  =  1  if  the  turkey  was  newly  released  in  the 
current  year  and  0  otherwise.  We  estimated 
relative  risk  of  death  associated  with  control 
sites  relative  to  supplemental  food  sites,  and 
newly  released  turkeys  relative  to  turkeys  re¬ 
leased  in  a  previous  year  by  exp( (3 , )  and 
exp(|32),  respectively.  Values  of  relative  risk 
estimate  the  relative  probability  of  death  at 
any  point  in  time  with  a  value  of  1  indicating 
no  difference  in  risk  of  mortality. 

Food  supplementation  was  potentially  con¬ 
founded  with  other  site-level  variables  (e.g., 
predator  density,  landscape-scale  characteris¬ 
tics).  Recognizing  this  limitation,  we  also  fit 
stratified  (by  year)  proportional  hazards  mod¬ 
els  to  the  combined  (2004  and  2005)  winter 
and  non-winter  data: 

[eq.  2]  hj(t,  (3)  =  /iOJ(f)exp(T,  +  z,( 32), 
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where  t,  represented  fixed  study  site  effects  (i.e., 
constructed  using  a  set  of  dummy  variables  in 
the  regression  model),  and  hoj(t)  represented  the 
baseline  hazard  in  year  j.  The  latter  approach 
combined  data  across  years  and  replaced  the 
(assumed  common)  treatment  effect  with  indi¬ 
vidual  study  site  effects.  We  plotted  estimates  of 
site-specific  effects  (adjusted  for  newly  released 
vs.  experienced  birds)  from  the  fitted  stratified 
models  to  examine  site-to-site  variability  in  risk. 
We  conducted  Likelihood  Ratio  tests  (for  the 
global  site  effect),  and  used  Fisher’s  protected 
least  significant  difference  (Steel  et  al.  1997)  to 
conduct  pair-wise  comparisons  among  study 
sites  when  a  significant  global  site  effect  was 
detected. 

Cox  proportional  hazard  models  do  not 
make  any  assumptions  regarding  the  under¬ 
lying  baseline  pattern  of  risk,  represented  by 
ha  (eq.  1)  and  hoj  (eq.  2),  but  assume  the  rel¬ 
ative  risk  between  individuals  with  different 
covariate  values  is  constant  over  time.  Thus, 
the  seasonal  relative  risk  is  assumed  to  be 
constant  for  turkeys  at  treatment  sites  (relative 
to  turkeys  at  control  sites)  and  for  turkeys  re¬ 
leased  in  a  previous  year  (vs.  the  current  year). 
The  stratified  models  further  assume  that  ef¬ 
fects  of  covariates  are  similar  in  the  2  years, 
but  the  baseline  mortality  pattern  may  differ 
in  2004  and  2005.  Both  sets  of  models  assume 
the  risk  of  death  (as  a  function  of  calendar 
date)  does  not  depend  on  the  release  day  (only 
year  of  release)  (Pollock  et  al.  1989).  This  as¬ 
sumption  may  not  be  valid  if  winter  severity 
has  a  cumulative  impact  on  survival  or  if  pre¬ 
viously  released  turkeys  have  an  advantage 
because  of  experience  on  the  study  area.  Other 
standard  assumptions  were  that  turkeys  in  the 
study  were  representative  of  the  population  of 
interest,  survival  times  of  all  turkeys  were  mu¬ 
tually  independent,  radio-marking  does  not  in¬ 
fluence  survival,  and  censoring  is  not  related 
to  fate  (Pollock  et  al.  1989,  Riggs  and  Pollock 
1992,  DelGiudice  et  al.  2002).  We  assumed 
that  no  important  covariates  were  omitted 
from  the  models. 

We  used  functions  in  the  survival  library  of 
the  R  computing  system  (R  Development 
Core  Team  2005,  Therneau  2006)  to  fit  mod¬ 
els  based  on  the  counting  process  formulation 
of  the  Cox  model  (Therneau  and  Grambsch 
2000,  DelGuidice  et  al.  2002),  which  allowed 
for  left-truncated  data  (i.e.,  staggered  entry 


design)  and  time  varying  covariates  (2  turkeys 
switched  study  sites).  Multiple  deaths  oc¬ 
curred  on  the  same  date  in  a  few  cases  be¬ 
cause  turkeys  were  monitored  at  discrete  time 
intervals,  and  we  used  the  Efron  approxima¬ 
tion  to  the  partial  likelihood  for  handling  these 
tied  events  (Therneau  and  Grambsch  2000). 
We  examined  the  reliability  of  the  proportion¬ 
al  hazards  assumption  using  plots  and  hypoth¬ 
esis  tests  constructed  using  scaled  Schoenfeld 
residuals  (Therneau  and  Grambsch  2000).  We 
estimated  relative  risk  of  death  associated 
with  control  sites  relative  to  supplemental 
food  sites,  and  newly  released  turkeys  relative 
to  turkeys  released  in  a  previous  year  by 
exp((3,)  and  exp((32),  respectively.  Food  sup¬ 
plementation  was  potentially  confounded  with 
other  site-level  variables  (e.g.,  predator  den¬ 
sity,  landscape-scale  characteristics).  We  ex¬ 
amined  site-to-site  variability  in  risk  by  plot¬ 
ting  estimates  of  site-specific  effects  (adjusted 
for  newly  released  vs.  experienced  birds)  from 
the  fitted  stratified  models  using  the  R  func¬ 
tion  “termplot.”  We  conducted  Likelihood 
Ratio  tests  (for  the  global  site  effect),  and  used 
Fisher’s  protected  least  significant  difference 
(Steel  et  al.  1997)  to  conduct  pair-wise  com¬ 
parisons  among  study  sites  when  a  significant 
global  site  effect  was  detected. 

We  calculated  percentage  predator  visita¬ 
tion  to  scent-station  transects  by  station  (num¬ 
ber  visited/total  number)  and  transect  (number 
visited/total  number)  for  each  study  area  treat¬ 
ment  (Sargeant  et  al.  2003).  We  also  sought 
to  examine  if  landscape  fragmentation  may 
have  contributed  to  high  turkey  mortality  ob¬ 
served  by  Kane  (2003)  on  supplemental  food 
study  areas  during  summer.  We  used  ArcView 
GIS  3.3  (ESRI  2004)  to  generate  a  shape  file 
for  each  study  area  based  on  a  6-km  radius 
buffer  around  the  release  site.  Gap  Analysis 
Project  (GAP)  land  cover  was  reclassified  into 
forest,  marsh,  grassland,  shrub,  and  agricul¬ 
ture  cover  types.  Each  study  area  shape  file 
was  used  to  clip  the  reclassified  GAP  land 
cover  for  further  analysis.  We  used  the  patch 
analysis  extension  for  ArcView  3.3  and 
ArcGIS  9.0  (ESRI  2004)  to  identify  number 
of  patches/study  area,  mean  patch  size,  and 
patch:edge  ratio  from  the  GAP  land  cover  at 
the  class  level  for  each  study  area. 
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FIG.  2.  Number  of  days  with  snow  depth  >30  cm  and  minimum  temperature  <  —18°C  north  of  Milaca, 
Minnesota  near  the  six  study  areas,  2003-2005. 


RESULTS 

Data  on  Wild  Turkey  survival  were  collect¬ 
ed  during  two  relatively  mild  winters  with 
only  February  2004  and  January  2005  having 
snow  cover  >30  cm  (Fig.  2).  Both  winters 
also  were  warmer  than  average.  Only  January 
2004  had  more  days  <  —  18°C  than  the  his¬ 
toric  average  (Fig.  2). 

MNDNR  biologists  captured  62  hens  for  re¬ 
lease  in  2004.  Four  hens  were  released  on  9 
January  (Snake  River),  12  on  23  January 
(Sherburne),  10  on  27  January  (3  at  Sherburne 
and  7  at  Snake  River),  seven  on  14  February 
(Morrison),  seven  on  21  February  (Morrison), 
and  21  on  13  March  (7  at  Bradbury,  11  at 
Bock,  and  4  at  Foreston).  We  monitored  the 
survival  of  these  62  hens  and  21  hens  from 
Kane  et  al.  (2007).  Five  of  62  hens  released 
in  2004  survived  <3  days  and  were  censored 
from  the  overall  survival  analysis. 

MNDNR  biologists  captured  57  hens  in 
2005.  Twenty-five  were  released  on  12  Janu¬ 
ary  (10  at  Bock,  10  at  Bradbury,  and  5  at  Fo¬ 
reston),  12  on  19  January  (7  at  Sherburne  and 
5  at  Foreston),  nine  on  20  January  (Morrison), 


and  11  on  21  January  (Snake  River).  We  mon¬ 
itored  the  survival  of  these  57  hens,  20  hens 
remaining  from  2004  releases,  and  nine  hens 
remaining  from  Kane  et  al.  (2007). 

Most  turkeys  iji  2004  were  released  first  on 
control  study  sites  followed  by  supplemental 
food  sites,  whereas  in  2005  timing  of  releases 
was  more  similar  between  treatments  (Fig.  3). 
Patterns  of  mortality  during  winter  were  fairly 
consistent  across  the  2  years  with  most  mor¬ 
talities  occurring  on  the  control  study  sites. 
Turkeys  that  had  been  released  in  the  prior 
year  and  survived  until  January  of  the  current 
year  (i.e.,  birds  with  “start”  values  =  1  Jan 
in  Fig.  3)  had  little  winter  mortality,  regardless 
of  the  availability  of  supplemental  food.  A 
single  experienced  hen  died  in  each  of  the  2 
years,  and  these  deaths  occurred  on  a  non- 
supplemental  site  (the  2  observations  at  the 
top  of  the  event  chart  in  2005  [Fig.  3]  repre¬ 
sent  experienced  turkeys  for  which  radio  sig¬ 
nals  were  lost  during  the  previous  winter,  but 
were  subsequently  re-entered  into  the  study  at 
a  later  date  after  being  relocated;  one  of  these 
individuals  died  on  11  Mar). 
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(A)  Event  Chart  2004 


Follow  up  time 


(B)  Event  Chart  2005 
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FIG.  3.  Event  history  chart  for  (A)  2004  and  (B) 
2005.  Study  entry  dates  (1  Jan  for  turkeys  released  in 
a  prior  year,  3  days  post-release  for  newly  released 
turkeys)  are  represented  by  open  circles,  deaths  by  sol¬ 
id  squares,  and  censored  observations  by  open  trian¬ 
gles.  Release  sites  are  in  the  left  hand  margin  of  the 
plots:  bb  =  “Bradbury”,  sr  =  “Snake  River”,  sh  = 
“Sherburne”,  f  =  “Foreston”,  m  =  “Morrison”,  and 
bo  =  “Bock”.  Dotted  lines  correspond  to  birds  re¬ 
leased  on  study  sites  with  supplemental  food.  Solid 
vertical  lines  at  31  March  divide  the  year  into  two 
strata  (winter  and  non-winter). 


The  relative  risk  of  death  estimated  from 
proportional  hazards  models  for  turkeys  on 
supplemental  food  sites  relative  to  those  on 
control  sites  during  winter  was  5.0  in  2004 
and  9.7  in  2005  (Table  1),  suggesting  turkeys 
released  on  control  sites  were  5  (2004)  and 
9.7  (2005)  times  more  likely  to  die  at  any 
point  in  time  during  winter.  The  global  test  of 
the  site  effect  in  the  stratified  (winter)  model 


I 

i 


I 


i- 


Newly  released  vs.  experienced  birds  9.4  (1.7-51.6)  12.6  (2.3-69.4)  14.2  (4.13-49.2)  0.86  (0.45-1.6)  0.78  (0.42-1.46)  0.75  (0.47-1.2) 

Control  sites  vs.  supplemental  food  sites  5.0  (1.4-18.0)  9.7  (2.8-33.9)  NA  0.56  (0.29-1.1)  0.79  (0.42-1.50)  NA 
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FIG.  4.  Estimated  site  effects  (adjusted  for  newly 
released  vs.  surviving  birds)  from  the  stratified  Cox 
proportional  hazard  model:  control  sites  (bb  =  “Brad¬ 
bury”,  sr  =  “Snake  River”,  sh  =  “Sherburne”)  and 
supplemental  food  sites  (f  =  "Foreston”,  m  =  “Mor¬ 
rison”,  and  bo  =  “Bock”).  Lines  correspond  to  1  SE. 
A  =  winter,  B  =  non-winter. 


was  statistically  significant  (x25  =  27.26,  P  < 
0.001).  The  three  supplemental  sites  had  low¬ 
er  estimated  levels  of  risk  than  the  three  con¬ 
trol  sites  (Fig.  4).  Pair-wise  comparisons  re¬ 
sulted  in  two  groups  of  sites  with  Bradbury 
and  Snake  River  having  higher  levels  of  risk 
than  the  other  four  study  sites.  Estimates  of 
relative  risk  for  newly  released  relative  to  ex¬ 
perienced  turkeys  during  winter  were  9.4  in 
2004  and  12.6  in  2005,  and  14.26  for  the  com¬ 
bined  data  in  the  stratified  model  (Table  1). 
Confidence  intervals  for  relative  risk  estimates 
during  winter  were  wide,  reflecting-  the  rela¬ 
tively  small  number  of  turkeys  and  deaths  in 
the  study.  Nope  of  the  intervals  contained  1, 
which  indicated  results  were  statistically  sig¬ 
nificant  at  the  a  =  0.1  level.  Point  estimates 
of  relative  risk  during  the  non-winter  period, 
while  not  statistically  different  from  one,  were 
less  than  one  for  newly  released  turkeys  (in 


both  the  year-specific  and  stratified  models) 
and  for  turkeys  on  control  sites  (Table  1).  Site- 
to-site  variability  in  risk  diminished  during  the 
non-winter  period  with  treatment  and  control 
sites  having  more  similar  risk  levels  (Fig.  4); 
the  global  test  for  site  was  not  significant  (x25 
=  5.31,  P  =  0.38).  Residual  diagnostics  and 
tests  did  not  reveal  any  strong  departures  from 
the  proportional  hazards  assumption. 

Turkeys  or  their  tracks  were  observed  on  or 
near  turkey  feeders  during  each  month  in 
2004.  Cobs  were  present  on  com  stalks  on  all 
supplemental  food  plots  until  late  February 
and  early  March  2005.  Amount  of  supplemen¬ 
tal  food  was  similar  among  study  areas:  Bock 
=  7.7  ha,  Foreston  =  6.5  ha,  and  Morrison  = 
6.9  ha.  Turkeys  or  their  tracks  were  observed 
in  supplemental  food  plots  in  January,  Feb¬ 
ruary,  and  March  on  the  Bock  and  Morrison 
study  areas,  and  in  January  and  Febmary  on 
the  Foreston  study  area.  Crop  contents  of  dead 
radio-marked  hens  on  supplemental  food 
study  areas  included  corn,  soybeans,  and 
acoms  during  winter  (n  =  1  turkey),  and 
acoms,  berries,  grasses,  and  invertebrates  dur¬ 
ing  summer  (n  =  4  turkeys).  Crop  contents  of 
dead  radio-marked  hens  on  the  control  study 
area  included  acoms,  berries,  and  grasses 
throughout  the  year  and  invertebrates  during 
summer  ( n  =  3). 

Ninety-one  turkeys  died  from  September 
2003  to  November  2005.  Mammalian  preda¬ 
tion  by  coyote  ( Canis  latrans ),  red  fox  (Vul- 
pes  vulpes),  and  bobcat  ( Lynx  rufus)  was  the 
most  common  cause  of  known  mortality,  fol¬ 
lowed  by  avian  predation  by  Great  Horned 
Owl  ( Bubo  virginianus )  and  Bald  Eagle  ( Hal - 
iaeetus  leucocephalus),  vehicle  strikes,  and 
starvation  (Fig.  5).  Five  turkeys  survived  <3 
days  and  their  causes  of  mortality  included 
avian  predation  ( n  =  3)  and  trapping  related 
stress  (n  =  2). 

We  conducted  scent  station  surveys  on  28— 
30  June  and  29—31  September  2004.  Station- 
level  visitation  by  mammalian  predators  (coy¬ 
ote,  fox,  bobcat)  was  57%  (34  of  60  stations) 
on  control  study  areas  and  13%  (4  of  30  sta¬ 
tions)  on  supplemental  food  study  areas.  Tran- 
sect-level  visitation  was  100%  on  control 
study  area  transects  and  50%  on  supplemental 
food  study  area  transects.  We  conducted  sur¬ 
veys  on  19-21  May,  15-17  June,  13-15  July, 
and  29-31  August  2005.  Station-level  visita- 
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FIG.  5.  Causes  of  mortality  of  eastern  Wild  Turkey  hens  in  east-central  Minnesota,  2004  and  2005.  Sample 
size  indicated  above  bars. 


tion  by  mammalian  predators  was  53%  (64  of 
120  stations)  on  control  study  areas  and  28% 
(17  of  60  stations)  on  supplemental  food  study 
areas.  Transect-level  visitation  was  100%  on 
control  study  area  transects  and  88%  on  sup¬ 
plemental  food  study  area  transects. 

Control  study  areas  generally  contained 
more  forest  and  less  agriculture  than  supple¬ 
mental  food  study  areas  (Table  2).  The  mean 
(±  SE)  number  (1,485  ±  221)  of  habitat 
patches  on  the  three  control  study  areas  was 
slightly  lower  than  the  three  supplemental 
food  study  areas  (1,777  ±  218).  Thus,  control 
study  areas  had  a  greater  patch  arearedge  ratio 
than  supplemental  food  study  areas  (0.13  ± 
0.07  vs.  0.07  ±  0.01,  respectively). 


TABLE  2.  Patch  size  (mean  ±  SE)  of  cover  types 
for  control  ( n  =  3)  and  supplemental  food  ( n  =  3) 
study  areas. 

Patch  size  (ha) 

Supplemental 

Cover  type 

Control 

food 

Forest 

621  ±  407 

144  ±  23 

Marsh 

37  ±  17 

32  ±  5 

Grassland 

25  ±  3 

36  ±  9 

Shrub 

27  ±  1 

19  ±  2 

Agriculture 

64  ±  24 

153  ±  52 

DISCUSSION 

Wild  Turkeys  transplanted  north  of  their  an¬ 
cestral  range  in  Minnesota  into  control  study  ar¬ 
eas  had  a  higher  risk  of  winter  mortality  than 
turkeys  released  into  areas  with  supplemental 
food  plots.  Newly  released  individuals  had  a 
higher  risk  of  mortality  than  individuals  released 
during  previous  years,  regardless  of  treatment 
type.  These  patterns  were  observed  during  two 
winters  with  relatively  warm  temperatures  and 
little  snowfall.  Risk  of  mortality  did  not  differ 
between  treatments  or  experience  during  the 
non-winter  period.  Point  estimates  of  risk  during 
non- winter  suggested  higher  mortality  for  tur¬ 
keys  released  on  supplemental  food  areas  or  that 
were  newly  released;  additional  research  is 
needed  to  ascertain  the  reliability  and  strength 
of  these  relationships. 

A  key  assumption  of  our  Cox  models  was 
that  newly  released  turkeys  had  the  same  haz¬ 
ard  function  with  respect  to  calendar  time  as 
turkeys  previously  released  in  the  same  year 
(Pollock  et  al.  1989).  Releases  on  control  sites 
in  2004  usually  preceded  releases  on  supple¬ 
mental  food  sites,  whereas  releases  in  2005 
occurred  earlier  in  the  winter  and  were  more 
synchronous  between  control  and  supplemen¬ 
tal  sites.  Relative  risk  estimates  would  be  bi¬ 
ased  in  2004  if  winter  severity  had  a  cumu- 
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lative  impact  on  survival  or,  alternatively,  if 
previously  released  animals  had  an  advantage 
due  to  experience  with  the  study  area.  Cu¬ 
mulative  impacts  were  likely  mediated  during 
our  study  because  snow  did  not  accumulate 
during  the  two  relatively  mild  winters;  the 
close  agreement  between  the  2004  and  2005 
model  results  also  provided  assurance  this  as¬ 
sumption  was  met.  Turkeys  released  in  a  prior 
year  survived  at  a  higher  rate  than  newly  re¬ 
leased  birds,  but  it  was  unclear  whether  or 
how  these  turkeys  benefited  from  increased 
knowledge  of  the  study  area.  Miller  (1990) 
reported  that  acclimated  turkeys  displayed 
greater  habitat  affinities,  fed  less  in  corn 
fields,  and  wandered  less  than  newly  released 
turkeys,  behaviors  possibly  associated  with  in¬ 
creased  knowledge  of  the  release  site  which 
may  have  reduced  exposure  to  predators. 

Our  treatments  were  applied  to  study  sites 
rather  than  individuals.  Other  study  area  dif¬ 
ferences,  such  as  predator  density  and  habitat 
cover  type,  may  have  affected  survival  be¬ 
tween  control  and  treatment  sites.  However, 
turkeys  on  supplemental  food  study  areas  used 
corn  plots  throughout  winter,  which  provided 
evidence  of  treatment  effects.  Kane  et  al. 
(2007)  also  found  a  positive  effect  of  supple¬ 
mental  food  on  turkey  survival  in  a  mild  win¬ 
ter  with  snow  and  temperature  conditions  sim¬ 
ilar  to  those  during  our  study.  In  contrast.  Por¬ 
ter  et  al.  (1980)  found  no  difference  in  sur¬ 
vival  between  hens  with  and  without  access 
to  supplemental  food  in  southeastern  Minne¬ 
sota  during  mild  winters,  but  did  record  much 
higher  survival  in  areas  with  supplemental 
food  during  a  severe  winter  with  deep  powder 
snow.  In  other  areas,  turkeys  conserved  en¬ 
ergy  during  severe  winter  conditions  by  re¬ 
stricting  foraging  activity  in  deep  snow;  star¬ 
vation  contributed  to  significant  mortality, 
even  when  supplemental  food  was  present 
(Austin  and  DeGraff  1975,  Wunz  and  Hayden 
1975,  Coup  and  Pekins  1999,  Nguyen  et  al. 
2003).  Deep  snow  in  Wisconsin  induced  lo¬ 
calized  starvation  in  an  area  without  available 
food  (Wright  et  al.  1996). 

Early  researchers  hypothesized  the  northern 
limit  of  Wild  Turkey  range  fluctuated  with 
winter  severity  (Schorger  1942,  Mosby  1959). 
Central  Minnesota  has  a  historical  (1949- 
2002)  30-35  day  mean  snow  cover  of  >30 
cm  (MNDNR  2005),  which  is  the  depth  at 


which  turkey  movement  becomes  much  re¬ 
duced  (Austin  and  DeGraff  1975,  Wunz  and 
Hayden  1975).  High  mortality  during  severe 
winters  in  Minnesota  (McMahon  and  Johnson 
1980,  Porter  et  al.  1980,  Wright  et  al.  1996, 
Kane  et  al.  2007)  will  probably  depress  pop¬ 
ulations.  However,  the  landscape  in  central 
Minnesota  has  been  altered  from  pre-Europe¬ 
an  settlement  and  is  now  a  mixture  of  agri¬ 
culture  and  woodland,  habitat  juxtaposition 
that  certainly  benefits  turkeys  during  winter 
and  may  obviate  the  need  for  planting  supple¬ 
mental  food  plots. 

Over  half  of  the  known  mortalities  occurred 
during  reproductive  periods  with  predation  be¬ 
ing  the  dominant  identified  cause  of  death,  a 
pattern  reported  in  many  other  studies  (e.g., 
Vander  Haegen  et  al.  1988,  Palmer  et  al.  1993, 
Wright  et  al.  1996).  We  failed  to  find  evidence 
that  summer  survival  was  lower  on  supple¬ 
mental  food  study  areas  because  of  increased 
abundance  of  predators.  Scent-surveys  sug¬ 
gested  that  predator  abundance  was  higher  on 
control  than  supplemental  food  study  areas, 
although  the  data  were  limited  and  should  be 
treated  with  caution  (Sargeant  et  al.  2003). 
Amount  and  configuration  of  cover  types  may 
have  contributed  to  decreased  summer  surviv¬ 
al  on  supplemental  food  study  areas.  For  ex¬ 
ample,  canid  predation  of  Wild  Turkeys  in  Ar¬ 
kansas  occurred  more  often  in  edge  than  in 
core  habitats  (Thogmartin  and  Schaeffer 
2000).  The  supplemental  food  study  areas  in 
central  Minnesota  had  more  agriculture  and 
associated  edges,  which  may  have  contributed 
to  higher  mortality  during  the  nesting  and 
brood  rearing  periods.  The  relatively  small 
size  of  forest  patches  on  the  supplemental 
food  study  areas  may  also  have  contributed  to 
higher  mortality  because  nest  predation  by 
large  predators  was  highest  in  smaller  forest 
patches  (Keyser  et  al.  1998). 

The  persistence  and  stability  of  northern 
Wild  Turkey  populations  may  depend  on  use 
of  supplemental  feeding  (Pekins  2007).  How¬ 
ever,  supplemental  feeding  is  a  controversial 
practice  for  Wild  Turkeys,  and  Kennamer 
(2003)  questioned  the  rationale  of  providing 
supplemental  winter  food,  suggesting  that  nat¬ 
ural  resource  agencies  instead  should  identify 
long-term  benefits  of  conservation  practices. 
Providing  supplemental  food  can  become  an 
annual  drain  on  budgets  and  wildlife  biolo- 
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gists  should  consider  alternative  practices, 
such  as  improving  or  creating  permanent  hab¬ 
itat  of  trees  and  shrubs  that  provide  winter 
food  for  turkeys.  The  benefits  of  any  winter 
food  appear  greatest  when  plots  exist  near 
roosting  cover  of  mature  woody  vegetation 
(Ermer  et  al.  2007).  Wild  Turkeys  died  in 
Minnesota  when  only  a  few  kilometers  from 
supplemental  food  during  a  winter  with  heavy 
snow  (Kane  2003).  Finally,  risk  of  mortality 
is  highest  for  newly  released  turkeys  regard¬ 
less  of  the  availability  of  supplemental  food. 
Thus,  Wild  Turkeys  should  be  transplanted 
into  northern  areas  during  less  severe  winters 
and  as  late  in  winter  as  feasible. 
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DIETS  OF  BARN  OWLS  DIFFER  IN  THE  SAME 
AGRICULTURAL  REGION 

MOTTI  CHARTER,15  IDO  IZHAKI,1 2  KOBI  MEYROM,3  YOAV  MOTRO,4 5  AND 

YOSSI  LESHEM1 


ABSTRACT. — We  studied  the  diet  of  20  Barn  Owl  ( Tyto  alba )  pairs  breeding  in  three  habitats  (alfalfa  fields, 
date  plantations,  and  villages)  in  the  same  agricultural  region  in  the  Jordan  Valley,  Israel.  Small  mammals, 
particularly  three  rodents  (Levant  voles  [Microtus  socialis  guentheri ],  house  mouse  [Mus  sp.],  and  Tristram’s 
jird  [ Meriones  tristrami  tristrami]),  comprised  73  to  88%  of  the  3,544  prey  items  taken  by  Barn  Owls  in  the 
three  habitats.  Frequencies  in  number  and  biomass  of  the  rodent  species  differed  among  habitats.  The  number 
of  bird  species,  their  frequencies,  and  biomass  in  the  diet  were  higher  in  villages  than  in  the  other  two  habitats, 
and  were  related  to  the  higher  diversity  of  birds  breeding  in  villages.  The  frequency  of  birds  in  the  diet  was 
negatively  correlated  with  distance  from  the  village  to  open  fields.  Differences  in  the  diet  of  Barn  Owls  among 
the  three  habitats  most  likely  reflected  differences  in  the  distribution  and  abundance  of  the  prey  items  in  each 
habitat.  Received  28  June  2008.  Accepted  11  December  2008. 


The  diet  of  Bam  Owls  ( Tyto  alba)  is  well 
known  throughout  the  world  because  of  their 
cosmopolitan  distribution  and  ease  of  pellet 
analysis  (Taylor  1994),  a  method  that  accu¬ 
rately  represents  what  they  consume  (Raczyn- 
ski  and  Ruprecht  1974).  Long-term  changes 
in  the  diet  of  Barn  Owls  are  often  the  result 
of  intensification  of  agriculture  and  landscape 
management  (Love  et  al.  2000).  Local  varia¬ 
tion  in  diet  in  different  habitats  has  been  de¬ 
scribed  in  Europe  and  the  United  States 
(Buckley  and  Goldsmith  1975,  de  Bruijn 
1994,  Taylor  1994,  Rodriguez  and  Salvador 
2007),  and  the  diet  of  Barn  Owls  in  Pakistan 
differed  between  districts  (Mahmood-ul-Has- 
san  et  al.  2007a,  b).  Bam  Owl’s  are  among  the 
most  common  species  of  owls  in  Israel  (Shi- 
rihai  1996),  but  studies  on  their  diet  have  ei¬ 
ther  concentrated  on  one  habitat  in  one  area 
(Kahila  1992,  Pokines  and  Peterhans  1997, 
Yom-Tov  and  Wool  1997,  Tores  and  Yom-Tov 
2003,  Tores  et  al.  2005,  Charter  et  al.  2007), 
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or  in  several  areas  (Dor  1947),  but  not  in  dif¬ 
ferent  habitats  at  a  local  scale. 

Bam  Owls  occur  in  most  agricultural  re¬ 
gions  and  are  mostly  specialist  predators  of 
small  mammals  but  vary  in  species  hunted  ac¬ 
cording  to  prey  availability  (Taylor  1994, 
Tores  et  al.  2005).  Voles  are  often  the  most 
dominant  prey  in  Barn  Owl  diets  throughout 
most  of  the  owl’s  range  in  the  northern  hemi¬ 
sphere,  probably  because  of  their  relative  high 
body  mass  and  ease  of  capture  (Taylor  1994). 
The  Levant  vole  ( Microtus  socialis  guentheri) 
is  a  major  pest  species  of  leafy  crops  in  Israel 
(Moran  2003),  and  is  found  at  especially  high 
densities  in  alfalfa  fields  (Bodenheimer  1949). 
The  house  mouse  ( Mus  sp.)  and  Tristram’s  jird 
( Meriones  tristrami  tristrami)  are  also  com¬ 
mon  rodents,  and  are  considered  agricultural 
pests  (Moran  2003).  However,  their  densities 
differ  between  habitats  (M.  Charter,  unpubl. 
data).  In  addition,  the  number  of  bird  species 
has  been  shown  to  increase  with  vegetation 
layers  and  habitat  diversity  (Moller  1984) 
with  more  species  in  heterogeneous  land¬ 
scapes  than  in  homogenous  arable  landscapes 
(Hanowski  et  al.  1997,  Moreira  et  al.  2005). 

We  compared  diets  of  Bam  Owls  breeding 
in  three  different  types  of  habitats  (villages, 
date  plantations  [ Phoenix  daetylifera ],  and  al¬ 
falfa  fields)  in  the  same  agricultural  region  to 
examine  whether  diets  differed  between  dif¬ 
ferent  habitats  within  one  relatively  small  ag¬ 
ricultural  area. 

METHODS 

The  study  site  (90  km2)  was  an  agricultural 
region  in  the  Beit  She’an  Valley,  Israel  (32° 


378 


Charter  et  al.  •  BARN  OWL  DIET  HABITATS 


379 


30'  N,  35°  30'  E),  150  to  250  m  below  sea  lev¬ 
el.  The  climate  is  arid  with  maximum  and 
minimum  mean  daily  temperatures  (Mar— Jul 
1999)  of  32.3°  G  and  16.7°C,  respectively, 
and  average  yearly  rainfall  of  267  mm  (2001— 
2006). 

Oral  pellets  and  prey  remains  were  collect¬ 
ed  from  20  nests  at  the  end  of  the  Barn  Owl 
breeding  season  on  28  July  2006  in  three  hab¬ 
itats:  alfalfa  fields  in  =  7),  date  plantations  ( n 
=  6),  and  inside  villages  ( n  =  7).  Nests  in 
alfalfa  fields  and  date  plantations  were  sepa¬ 
rated  by  at  least  1,000  m.  Villages  were  sur¬ 
rounded  by  agricultural  land  within  1,000  m 
of  date  plantations  and  500  m  from  alfalfa 
fields. 

Bam  Owls  within  villages  bred  in  human 
stmctures  (Meyrom  et  al.  2008)  other  than 
nest  boxes,  mainly  abandoned  guard  towers, 
while  pairs  in  date  plantations  and  alfalfa 
fields  bred  in  nest  boxes.  All  nests  success¬ 
fully  fledged  young  and  no  significant  differ¬ 
ence  was  found  in  number  of  young  per  nest 
among  the  three  habitats  (Kruskal-Wallis 
ANOVA,  F2>20  =  0.30,  P  =  0.86). 

Pellets  were  soaked  in  water  for  4  days; 
whole  pellets  were  dissected  individually 
while  partial  pellets  were  grouped  together. 
Mandibles,  skulls,  and  femurs  of  small  mam¬ 
mals,  and  mandibles  of  invertebrates  were 
separated  and  identified.  Species  identification 
was  by  comparison  with  specimens  preserved 
in  the  collections  of  the  Zoological  Museum 
of  Tel  Aviv  University  and  The  Hebrew  Uni¬ 
versity  of  Jerusalem.  Data  are  presented  as  the 
minimum  number  of  individuals  (MNI),  per¬ 
cent  frequency  by  number,  and  percent  fre¬ 
quency  by  biomass.  Body  mass  of  rodents  and 
birds  were  from  Mendelssohn  and  Yom-Tov 
(1999)  and  Dunning  (1993),  respectively. 

Data  Analyses. — All  tests  were  two-tailed 
except  when  testing  the  directional  hypotheses 
that  diet  of  pairs  breeding  in  the  villages 
would  contain  more  species  of  birds,  frequen¬ 
cy  of  Levant  voles  would  be  highest  in  alfalfa 
fields,  and  Tristam’s  jirds  would  be  highest  in 
date  plantations.  Data  were  analyzed  using 
one-way  ANOVA,  Bonferroni  multiple  com¬ 
parison,  and  Kruskal-Wallis  ANOVA.  All 
percentages  were  Arcsine  square -root  trans¬ 
formed  prior  to  analyses.  Pearson  correlation 
was  used  for  analyzing  correlations.  Statistical 


analyses  were  performed  using  Statistica  8.0 
software  (StatSoft,  Bedford,  UK). 

RESULTS 

Whole  pellets  ( n  =  506)  were  collected 
from  pairs  (n  =  7)  in  villages,  336  whole  pel¬ 
lets  from  pairs  ( n  =  6)  in  date  plantations,  and 
347  whole  pellets  from  pairs  ( n  =  7)  in  alfalfa 
fields.  Three-thousand,  five  hundred  and  forty- 
four  prey  items  were  identified  from  the  pel¬ 
lets  examined  (Table  1). 

Small  Mammals. — Six  mammalian  species 
comprised  81.8  to  96.6%  of  all  prey  recorded 
from  the  three  habitats.  The  percentage  by 
number  of  rodents  differed  between  habitats 
(F217  =  3.94,  P  =  0.039).  Significantly  fewer 
small  mammals  were  found  in  pellets  of  pairs 
nesting  in  villages  than  in  alfalfa  fields  (P  < 
0.05),  but  no  significant  differences  were 
found  between  date  plantations  and  the  other 
two  habitats.  The  three  most  common  mam¬ 
mal  species  were  Levant  vole,  house  mouse, 
and  Tristram’s  jird,  which  together  comprised 
72.9  to  87.8%  of  total  MNI  in  the  three  hab¬ 
itats  (Table  1). 

The  percentage  by  number  of  Levant  voles 
taken  by  pairs  breeding  in  date  plantations 
was  significantly  lower  than  in  the  other  two 
habitats  (Fig.  1).  Tristram’s  jird,  house  mouse, 
black  rat  ( Rattus  rattus ),  blind  mole  rat  (Spa- 
lax  leucodon  ehrenbergi),  and  shrews  ( Cro - 
cidura  sp.)  were  found  in  similar  frequencies 
in  each  habitat  (Fig.  1). 

Percent  frequency  of  biomass  differed 
among  the  three  habitats  (F2>17  =  16.71,  P  < 
0.001)  with  Barn  Owls  breeding  in  villages 
having  lower  percent  frequency  biomass  than 
in  date  plantations  (P  <  0.001)  and  alfalfa 
fields  (P  <  0.001).  There  were  differences  be¬ 
tween  percent  frequency  of  biomass  of  Levant 
voles  (one-tailed  ANOVA;  F217  =  8.11,  P  = 
0.002)  and  Tristram’s  jird  (one-tailed  ANO¬ 
VA;  F2>17  =  7.47,  P  =  0.003)  in  the  three  hab¬ 
itats.  No  differences  were  found  among  house 
mice  (F2 17  =  1 .88,  P  =  0. 1 8),  black  rats  (F2 17 
=  1.40,  P  =  0.27),  blind  mole  rats  (F2 17  = 
3.02,  P  =  0.076),  and  shrews  (F2  ,7  =  0.56,  P 
=  0.58).  Percent  frequency  of  biomass  of 
voles  in  date  plantations  was  lower  than  in 
alfalfa  fields  (P  =  0.005)  and  villages  (P  = 
0.014).  Percent  frequency  of  biomass  of  Tris¬ 
tram’s  jird  in  date  plantations  was  higher  than 
in  alfalfa  fields  (P  <  0.004);  whereas  no  dif- 
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TABLE  1.  Diet  of  Barn  Owls  breeding  in  villages  ( n  =  7),  date  plantations  ( n  =  6),  and  alfalfa  fields  ( n  = 
7)  during  the  2006  breeding  season  in  the  Beit  She’ an  Valley,  Israel.  (MNI  =  Minimum  number  of  individuals, 
PN  =  percentage  by  number,  PFB  =  percent  frequency  biomass). 

Prey  taxon 

Village 

Date  plantation 

Alfalfa  field 

MNI 

PN 

PFB 

MNI 

PN 

PFB 

MNI 

PN 

PFB 

Mammals 

Meriones 

258 

20.8 

35.5 

415 

36.5 

66.3 

352 

30.2 

49.1 

Microtus 

312 

25.1 

28.4 

40 

3.5 

4.2 

280 

24.1 

25.9 

Mus 

336 

27.0 

8.4 

457 

40.2 

13.3 

390 

33.5 

9.9 

Rattus 

35 

2.8 

8.8 

24 

2.1 

7.0 

17 

1.5 

4.3 

Spalax 

3 

0.2 

1.0 

16 

1.4 

6.5 

12 

1.0 

4.2 

Unidentified  rodent  4 

0.3 

0.0 

6 

0.5 

0.0 

11 

0.9 

0.0 

Soricidae 

69 

5.6 

0.9 

76 

6.7 

1.1 

62 

5.3 

0.8 

Totals 

1,017 

81.8 

83.1 

1,034 

90.9 

98.5 

1,124 

96.6 

94.3 

Birds 

Streptopelia 

21 

1.7 

3.8 

2 

0.2 

0.4 

11 

0.9 

2.0 

Passer 

148 

11.9 

7.3 

2 

0.2 

0.1 

3 

0.3 

0.2 

Coturnix 

0 

0.0 

0.0 

0 

0.0 

0.0 

4 

0.3 

0.7 

Galerida 

7 

0.6 

0.5 

3 

0.3 

0.3 

5 

0.4 

0.4 

Carduelis 

0 

0.0 

0.0 

0 

0.0 

0.0 

1 

0.1 

0.0 

Turdus 

4 

0.3 

0.8 

2 

0.2 

0.5 

7 

0.6 

1.4 

Columba 

5 

0.4 

3.2 

0 

0.0 

0.0 

1 

0.1 

0.6 

Sylvia 

10 

0.8 

0.4 

0 

0.0 

0.0 

2 

0.2 

0.1 

Emberiza 

0 

0.0 

0.0 

0 

0.0 

0.0 

2 

0.2 

0.1 

Pycnonotus 

5 

0.4 

0.4 

0 

0.0 

0.0 

2 

0.2 

0.2 

Nectarinia 

1 

0.1 

0.0 

0 

0.0 

0.0 

0 

0.0 

0.0 

Acocephalus 

1 

0.1 

0.0 

0 

0.0 

0.0 

0 

0.0 

0.0 

Up  op  a 

2 

0.2 

0.2 

0 

0.0 

0.0 

0 

0.0 

0.0 

Tyto  (nestling) 

2 

0.2 

0.2 

0 

0.0 

0.0 

0 

0.0 

0.0 

Unknown  passerine  15 

1.2 

2 

0.2 

2 

0.2 

Unknown 

5 

0.4 

4 

0.4 

0 

0.0 

Totals 

226 

18.2 

16.9 

15 

1.3 

1.3 

40 

3.4 

5.7 

Invertebrates 

Gryllotalpa 

0 

0.0 

0.0 

88 

7.7 

0.3 

0 

0.0 

0.0 

Total  MNI 

1,243 

1,137 

1,164 

ferences  occurred  between  villages 

and  the 

Owl 

pairs  breeding 

in  villages  preying  on 

other  two  habitats. 

Birds. — Significantly  more  birds  occurred 
in  the  diet  of  Barn  Owls  breeding  in  villages 
than  in  the  other  two  habitats  (one-tailed  AN- 
OVA;  F217  =  26.36,  P  <  0.001).  Significantly 
more  birds  were  found  in  pellets  of  pairs  nest¬ 
ing  in  villages  than  in  alfalfa  fields  ( P  <  0.05) 
and  date  plantations  (P  <  0.05).  There  was 
also  a  difference  between  percent  frequency 
of  biomass  of  birds  in  the  diet  (one-tailed  AN- 
OVA;  F2  ll  =  20.86,  P  <  0.001)  with  signif¬ 
icantly  lower  biomass  in  date  plantations  (P 
<  0.001)  and  alfalfa  fields  (P  =  0.002)  than 
in  villages.  The  number  of  bird  species  dif¬ 
fered  between  locations  (Kruskal- Wallis  AN- 
OVA;  F2X1  =  12.44,  P  =  0.002)  with  Barn 


more  species  than  those  breeding  in  date  plan¬ 
tations  (P  <  0.001)  and  alfalfa  fields  (P  = 
0.007).  A  positive  correlation  was  found  be¬ 
tween  the  percent  frequency  of  birds  in  the 
diet  of  Barn  Owls  in  villages  and  the  distance 
from  the  owl’s  nest  to  the  nearest  agricultural 
field  (Fig.  2). 

DISCUSSION 

The  greater  contribution  of  birds  in  the  diet 
of  Barn  Owls  nesting  in  villages  and  the  high¬ 
er  diversity  of  bird  species  taken  was  most 
likely  a  result  of  greater  cover  and  diversity 
of  tree  and  plant  species  providing  habitat  for 
birds  compared  to  the  open,  uniform  alfalfa 
fields  and  date  plantations.  More  birds  are  in 
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0.50 


■  Village 

■  Date  plantation 


FIG.  1.  Percentage  by  number  of  Meriones  (F2i17  =  3.13,  P  =  0.070),  Microtus  (one-tailed  ANOVA;  F2>]7 
=  7.87,  P  =  0.002),  Mus  (F2>17  =  1.59,  P  =  0.23),  Rattus  (Fx„  =  0.79,  P  =  0.47),  Spalax  (F2>17  =  3.11,  P  = 
0.070),  and  Crocidura  (F2 17  =  0.24,  P  =  0.79)  in  diets  of  Barn  Owls  breeding  in  villages,  date  plantations,  and 
alfalfa  fields.  Different  letters  indicate  significant  difference  between  nest  types  (Bonferroni  multiple  comparison, 
P  <  0.05.  Nest  types  with  no  differences  have  the  same  letter). 


villages  while  higher  rodent  densities  are  in 
alfalfa  fields  and  date  plantations  than  in  vil¬ 
lages  (M.  Charter,  pers.  obs.).  The  frequency 
of  birds  in  the  diet  of  Bam  Owls  breeding  in 
villages  increased  with  distance  to  the  closest 
agricultural  fields.  Low  frequency  of  birds  in 
diets  of  Barn  Owls  breeding  among  fields  and 
plantations  has  been  recorded  elsewhere  in  Is¬ 
rael  (Kahila  1992,  Tores  et  al.  2005). 


Bam  Owl  pairs  in  villages  did  not  breed 
more  than  225  m  from  agricultural  fields 
where  there  were  other  Bam  Owl  pairs  breed¬ 
ing  in  nest  boxes  placed  in  the  fields.  Fewer 
pairs  bred  inside  villages  with  consequent 
possibly  less  competition  and  more  potential 
avian  prey  available.  Another  possibility  is 
that  Barn  Owls  may  have  encountered  more 
birds  in  villages  while  flying  to  and  from 


FIG.  2.  Correlation  between  percentage  by  number  of  birds  in  the  diets  of  Barn  Owls  breeding  in  villages 
and  distance  of  the  nest  to  agricultural  fields. 
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nests,  during  which  time  passerines  and  doves 
are  often  flushed  from  roosts  or  nests. 

Small  mammals  comprised  the  majority  of 
prey  specimens  in  the  Barn  Owl's  diet  in  all 
three  studied  habitats  similar  to  other  studies 
throughout  the  world  (Taylor  1994)  and  Israel 
(Kahila  1992,  Pokines  and  Peterhans  1997, 
Yom-Tov  and  Wool  1997,  Tores  and  Yom-Tov 
2003,  Tores  et  al.  2005,  Charter  et  al.  2007). 
It  has  been  suggested  that  Barn  Owls  in  Med¬ 
iterranean  regions  eat  fewer  rodents  due  to  a 
reduction  in  diversity  and  abundance  of  small 
mammals  (Herrera  1974).  This  does  not  hold 
in  agricultural  habitats  where  rodent  pests 
may  be  abundant,  as  reflected  in  the  diet  of 
Barn  Owls  in  this  and  other  studies  in  Israel 
(Kahila  1992,  Tores  et  al.  2005,  Charter  et  al. 
2007),  and  also  in  Syria  (Shehab  2005). 

The  combined  frequency  of  Levant  vole, 
house  mouse,  and  Tristram’s  jird  in  the  Barn 
Owl’s  diet  in  the  current  study  was  similar  to 
that  in  other  studies  near  agriculture  in  Israel, 
where  they  comprised  89.0  to  93.9%  of  prey 
(Kahila  1992  Tores  et  al.  2005,  Charter  et  al. 
2007).  All  three  are  considered  the  main  ro¬ 
dent  pests  of  agriculture  in  Israel  (Moran 
2003).  Barn  Owl  populations  have  conse¬ 
quently  been  deliberately  increased  through 
provision  of  nest  boxes  in  a  national  biologi¬ 
cal  pest  control  project  (M.  Charter,  unpubl. 
data). 

The  Levant  vole  was  found  at  a  lower  per¬ 
cent  frequency  in  number  and  percent  fre¬ 
quency  of  biomass  in  date  plantations  than  in 
the  other  two  habitats.  Vole  populations,  pos¬ 
sibly  because  of  higher  temperatures  and  dry 
conditions,  are  mostly  restricted  to  alfalfa 
fields  (all  are  irrigated),  which  is  the  main 
leafy  crop  in  the  region,  and  fewer  voles  are 
found  in  date  plantations  (Y.  Motro  and  M. 
Charter,  pers.  obs.).  Barn  Owls  switched  to 
house  mice  and  Tristram’s  jirds  in  date  plan¬ 
tations  where  they  occurred  in  higher  abun¬ 
dance  than  alfalfa  fields.  Barn  Owl  pairs 
breeding  in  villages  also  hunted  in  alfalfa 
fields,  as  demonstrated  by  the  percent  of  voles 
in  their  diet. 
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FEEDING  ECOLOGY  OF  MILITARY  MACAWS  (ARA  MILITARIS )  IN 
A  SEMI- ARID  REGION  OF  CENTRAL  MEXICO 

A.  M.  CONTRERAS-GONZALEZ,1  F.  A.  RIVERA-ORTIZ,1 
C.  SOBERANES-GONZALEZ,1  A.  VALIENTE-BANUET,2  AND  M.  C.  ARIZMENDI1-3 


ABSTRACT. — The  Military  Macaw  ( Ara  militaris )  is  an  endangered  species  with  a  fragmented  distribution 
and  declining  populations.  Their  diet  has  not  been  described  in  detail  but  the  species  is  considered  to  be  a 
specialized  granivore,  and  individuals  may  make  seasonal  movements  in  search  of  food  resources.  This  study 
examined  the  diet  of  Military  Macaws  in  tropical  dry  and  oak  ( Quercus  spp.)  forests  of  Cuicatlan,  Mexico.  We 
followed  macaws  to  identify  diet  composition,  and  quantified  the  nutritional  content  of  all  items  which  they 
consumed.  Military  Macaws  used  10  plant  species  during  the  year  having  a  standardized  Levins  niche  breath 
index  of  B  =  0.18.  Their  diet  consisted  principally  of  seeds  but  also  included  fruits,  leaves,  and  latex.  Foods 
rich  in  protein  and  lipids  composed  the  diet  of  macaws,  especially  during  the  breeding  season.  Macaws  preferred 
some  plant  species  using  them  more  than  predicted  by  their  abundances.  Food  resources  must  be  considered 
when  managing  and  preserving  habitat  to  protect  this  endangered  species.  Received  25  February  2008.  Accepted 
30  September  2008. 


Military  Macaws  ( Ara  militaris)  occur  in 
Mexico  and  northern  South  America  (Forshaw 
1989).  In  Mexico,  the  species  is  currently  re¬ 
stricted  to  a  few  isolated  populations  in  semi- 
deciduous  and  deciduous  forests  (Forshaw 
1989,  Carreon  1997,  Collar  1997,  Loza  1997), 
making  occasional  seasonal  altitudinal  move¬ 
ments  to  pine  ( Pinus  spp.)  and  pine-oak 
(■ Quercus  spp.)  forests  (Forshaw  1989,  Peter¬ 
son  and  Chaliff  1989,  Collar  and  Juniper 
1992,  Howell  and  Webb  1995).  The  species  is 
classified  under  Appendix  I  of  the  Convention 
on  International  Trade  in  Endangered  Species 
(CITES  1998),  and  considered  Vulnerable  in 
the  Red  List  of  the  International  Union  for  the 
Conservation  of  Nature  (SEMARNAT  2001, 
Birdlife  International  2003).  The  species  is 
considered  in  danger  of  extinction  in  Mexico, 
principally  due  to  habitat  loss  and  trade  pres¬ 
sures  (Inigo-Elias  2000). 

Macaws  are  considered  to  have  narrow  di¬ 
ets  using  only  between  10  and  23%  of  the 
available  resources  throughout  the  year  (Car¬ 
reon  1997,  Loza  1997,  Inigo-Elias  1999). 
Adult  Scarlet  Macaws  {Ara  macao),  for  ex¬ 
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UNAM,  Avenida  de  los  Barrios  1,  Los  Reyes  Iztacala, 
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Ciudad  Universitaria,  Coyoacan,  Mexico  D.F.  04510. 

3  Corresponding  author;  e-mail: 
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ample,  used  between  12  and  15  plant  species 
in  Belize  (Renton  2006).  The  same  species 
used  52  plant  species  in  the  Amazonian  rain¬ 
forest  (Gilardi  1996),  while  in  tropical  dry  for¬ 
est  in  Peru  they  only  used  28  species  for  food 
(Marineros  and  Vaughan  1995).  Military  Ma¬ 
caws  in  a  semi-deciduous  forest  in  western 
Mexico  used  six  species  for  food  that  repre¬ 
sented  10%  of  the  available  resources  (Loza 
1997). 

A  narrow  diet  makes  populations  vulnera¬ 
ble  to  changes  in  food  resource  availability 
associated  with  fragmentation  and  other  forms 
of  habitat  loss,  while  a  varied  opportunistic 
diet  can  allow  populations  to  adapt  to  habitat 
changes  (Saunders  1977,  Renton  2006).  The 
objectives  of  our  study  were  to  describe:  (1) 
the  dietary  composition  of  Military  Macaws 
during  the  year,  and  (2)  the  nutritional  com¬ 
position  of  foods  eaten. 

METHODS 

Study  Area. — Field  work  was  conducted  at 
two  sites  in  the  Cuicatlan  Basin  in  the  State 
of  Oaxaca,  Mexico.  The  first  was  in  Sabino 
Canyon  (17°  5 1 ' 44.60"  N,  97°  2'  43.89"  W) 
where  a  colony  of  70-90  Military  Macaws 
roosts  and  nests  in  the  vertical  walls  of  the 
canyon  (Salazar  2001,  Rivera-Ortlz.  et  al. 
2008).  The  canyon  occurs  at  610-885  m  asl 
and  is  dominated  by  tropical  deciduous  forest 
with  columnar  cacti  (Valiente-Banuet  et  al. 
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2000).  The  mean  annual  rainfall  is  between 
304  and  432  mm,  and  the  mean  annual  tem¬ 
perature  is  32°  C.  The  rainy  season  occurs 
from  June  to  September,  and  the  dry  season 
lasts  up  to  8  months  (Rivera-Ortiz  et  al.  2008). 

The  second  site  was  San  Juan  Coyula,  be¬ 
tween  17°  54'  47.45"  N  and  96°  55'  42.64"  W 
with  an  elevation  of  1,400-1,610  m  asl.  The 
main  vegetation  is  oak  forest  (Valiente-Banuet 
et  al.  2000).  The  mean  annual  temperature  is 
between  16.9  and  18.7°  C,  and  mean  annual 
rainfall  is  1,114  to  1,201  mm.  The  foothills  of 
this  area  are  dominated  by  tropical  dry  forest, 
which  was  also  studied  at  el  Aguacate,  La 
Chirimoya,  and  la  Mulatera.  These  foothill 
sites  were  between  17°  55' 43.50"  N  and  96° 
56'  1 1.38"  W  at  1,062  and  1,216  m  asl.  The 
mean  annual  rainfall  in  this  area  is  between 
650  and  890  mm,  and  mean  annual  tempera¬ 
ture  is  between  19  and  23°  C  (Rivera-Ortiz  et 
al.  2008). 

Food  Availability. — We  conducted  monthly 
phenological  observations  between  March 
2005  and  March  2006.  We  randomly  estab¬ 
lished  four  50  X  20  m  plots  in  Santa  Maria 
Tecomavaca,  and  three  plots  each  in  oak  and 
tropical  dry  forest  vegetation  types  in  San 
Juan  Coyula  that  were  surveyed  each  month. 
Area  surveyed  was  selected  after  performing 
a  minimum  area  test.  All  trees,  shrubs,  and 
cacti  >5  cm  diameter  at  breast  height  (DBH) 
were  marked  in  each  plot  and  numbers  of 
fruits  were  recorded  for  each  month  through¬ 
out  the  year.  A  series  (5-10)  of  samples  (i.e., 
branches)  were  counted  for  trees  with  abun¬ 
dant  fruits,  and  the  number  of  total  branches 
was  counted  to  calculate  the  total  number  of 
fruits  (Chapman  et  al.  1992,  Borchert  1994). 
Relative  abundance  of  trees  in  plots  was  cal¬ 
culated  for  trees  where  macaws  fed  during  the 
year.  Relative  abundance  of  plants  and  fruits 
were  used  to  identify  plant  preferences. 

Feeding  Biology. — Observations  of  feeding 
macaws  were  conducted  by  walking  on  and 
off  trails.  We  recorded  macaws  feeding  by 
date,  location,  habitat  type,  plant  species, 
plant  part  consumed,  number  of  individuals 
foraging,  number  of  fruits  or  seeds  consumed, 
and  time  taken  per  feeding  observation.  We 
also  recorded  other  plant  parts  consumed.  A 
feeding  observation  ended  when  macaws 
ceased  foraging  and  moved;  observers  then 
continued  walking  and  searching  for  addition¬ 


al  foraging  activities  in  the  area.  Observations 
were  made  by  two  or  three  observers  that  fol¬ 
lowed  individuals  and  counted  ingested  items. 
Trees  were  identified  by  collection  of  speci¬ 
mens  for  comparison  at  the  Herbarium  of  FES 
Iztacala,  UNAM. 

Nutritional  Quality. — Samples  of  food 
items  consumed  were  collected  and  placed  on 
ice  for  transportation  to  the  laboratory.  We 
quantified  total  protein  using  micro-Kjeldahl 
procedures  (Izaki  1993,  Gonzalez  and  Pena- 
losa  2000,  Levey  2000),  total  carbohydrates 
by  Cleggs  Antrone  procedure  (Osborne  1986), 
total  lipids  using  Soxhlet  apparatus  (Gonzalez 
and  Penalosa  2000),  and  water  content  by  sub¬ 
traction  between  fresh  and  dry  weight. 

Data  Analysis. — All  data  were  tested  for 
normality  (Kolmogorov-Smimov  test)  (Sokal 
and  Rohlf  1979,  Zar  1999).  Variation  in  fruit 
abundance  during  the  year  was  analyzed  using 
a  non-parametric  repeated  measures  Friedman 
test.  We  used  a  log-linear  multiple  contingen¬ 
cy  analysis  to  test  for  preferences  for  one  or 
more  of  the  consumed  species  by  vegetation 
type,  assuming  that  birds  consume  fruits  ac¬ 
cording  to  their  relative  abundance  at  the  site 
(Everitt  1977,  Sokal  and  Rohlf  1979,  Zar 
1999). 

Niche  breadth  for  Military  Macaw  diet  was 
calculated  using  the  standardized  Levins  niche 
breadth  index  (Krebs  1989),  where  a  value 
close  to  zero  indicates  dietary  specialization 
and  a  value  close  to  one  indicates  a  broad  diet 
(Colwell  and  Futuyma  1971).  Differences  in 
foraging  time  on  different  species  of  plants 
consumed  by  Military  Macaws  and  seed  con¬ 
sumption  rates  were  analyzed  using  one-way 
ANOVA  (Sokal  and  Rohlf  1979,  Zar  1999). 

RESULTS 

Temporal  Variation  in  Food  Resources. — 
There  was  significant  variation  in  abundance 
of  food  items  among  months  during  the  year 
(Fig.  1).  The  abundance  of  food  resources  for 
macaws  in  the  tropical  dry  forest  of  Santa  Ma¬ 
ria  Tecomavaca  was  high  during  the  dry  sea¬ 
son  in  February  and  March  (Fig.  1).  Signifi¬ 
cant  differences  were  found  between  months 
in  the  number  of  fruits  throughout  the  year 
(Friedman  test,  Xr2  =  1 1 .00,  df  =  1 ,  P  = 
0.01).  Peak  fruiting  in  the  oak  forest  occurred 
in  September  (Fig.  1).  Significant  differences 
were  found  in  number  of  fruits  throughout  the 
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FIG.  1.  Temporal  patterns  in  availability  of  fruits  for  Military  Macaws  in  two  locations  in  Mexico  with 
different  vegetation  cover. 


year  at  this  site  (X2r  =10.00,  df  =  1,  P  = 

0.02). 

Military  Macaw  Diet. — We  observed  Mili¬ 
tary  Macaws  feeding  on  10  plant  species  from 
eight  families  (Table  1).  Seeds  were  the  most 
consumed  item  in  39.02%  of  foraging  obser¬ 
vations.  Macaws  were  also  observed  taking 
water  among  the  leaves  of  Tillandsia  grandis 
and  consuming  latex  from  the  stems  of  Plu¬ 
meria  rubra. 

Macaws  used  some  species  more  than  pre¬ 
dicted  by  plant  abundance,  as  was  the  case  for 
Bursera  schechtendalii  ( X2  =  98020.67;  df  = 
12;  P  =  0.0001)  in  the  tropical  dry  forest  of 
Santa  Maria  Tecomavaca,  and  Celtis  caudata 
(X1  =  991.75;  df  =  4;  P  =  0.0001)  in  the 
tropical  dry  forest  of  San  Juan  Coyula.  The 
rate  of  seed  consumption  was  highest  in  com¬ 


parison  with  other  food  items  (Table  1;  F563 
=  5.93;  P  =  0.0004).  A  one-way  ANOVA 
showed  significant  differences  in  the  rate  of 
consumption  among  seeds  from  different 
plants  ( F3A5  =  3.939;  P  =  0.015). 

The  Military  Macaw  had  a  standardized 
Levins  niche  breadth  index  of  B  =  0.18.  The 
standardized  Levins  niche  breadth  index  in  the 
breeding  season  was  B  =  0.033,  while  it  was 
higher  ( B  =  0.158)  in  the  non-breeding  sea¬ 
son. 

Nutritional  Value  of  Food  Items. — Leaves 
and  flowers  of  Cyrtocarpa  procera  and  Til¬ 
landsia  makoyana,  and  the  latex  of  Plumeria 
rubra  had  the  highest  water  content.  Fruits  of 
Neobuxbaumia  tetetzo  had  the  highest  protein 
content  while  fruit  of  Bunchosia  montana  was 
highest  in  sugar  content.  Lipids  occurred  in 
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TABLE  1 .  Diet  of  Military  Macaws  in 

the  Cuicatlan  Regi 

on,  Mexico.  (a  Site:  SMT 

=  Santa  Marfa  Teco- 

mavaca,  SJC  =  San  luan  Coyula; 

b  RA:  relative  abundance  in 

site; 

c  Part  eaten:  rp  =  ripe,  unrp  =  unripe,  dr 

=  dry.  If  =  leaf,  fl  = 

flower,  lx  = 

latex,  ft 

=  fruit,  se  = 

seed; 

d  FO 

=  number  of  foraging  observations;  c  NM 

=  number  of  macaws; 

f  CR  =  consumption  rate). 

Family/species 

Site3  RA  in  sitesb 

Part  eatenc 

FOd 

NMC 

CRf/min  ±  SD  (n) 

Month 

Breeding  season 

Anacardiaceae 

SMT 

0.036 

rp  If 

3 

6 

2.66  ±  0.19  (3) 

Aug  2005 

Cyrtocarpa  procera 

rp  fl 

2 

7 

3.4  ±  0.1  (5) 

Mar  2006 

Apocyanaceae 

SMT 

0.043 

Stem  lx 

3 

3 

Aug  2005 

Plumeria  rubra 

Bromeliaceae 

SMT 

Water 

5 

6 

Jun  2005 

Tillandsia  grandis 

from  If 

T.  makoyana 

SJC 

rp  If 

1 

3 

2  (1) 

Mar  2006 

Burseraceae 

SMT 

0.026 

unrp  se 

1 

3 

4  (1) 

Mar  2005 

Bursera  aptera 

B.  schlechtendalii 

SMT 

0.046 

unrp  se 

2 

2 

3  (1) 

Mar  2005,  Dec  2005 

Cactaceae 

SMT 

0.36 

rp  ft  +  se 

1 

3 

4.4  (1) 

Jun  2005 

Neobuxbaumia 

tetetzo 

Leguminosae 

SMT 

dr  se 

1 

4 

2.5  ±  0.7  (2) 

Mar  2006 

Lysiloma  divaricata 

Non-breeding  season 

Burseraceae 

SMT 

0.046 

unrp  se 

2 

2 

3.25  ±  1.62  (2) 

Dec  2005 

B.  schlechtendalii 
Malpighiaceae 

SJC 

0.18 

rp  fr 

5 

31 

2.9  ±0.11  (9) 

Jan  2006,  Feb  2006 

Bunchosia  montana 

Ulmaceae 

SJC 

0.12 

dr  se 

5 

87 

5.65  ±  0.04  (39) 

Mar  2006 

Celtis  caudata 

high  concentrations  (10%)  in  fruits  of  Neo- 
buxbaumia  tetetzo,  leaves  and  flowers  of  Cyr- 
tocarpa  procera,  seeds  of  Celtis  caudata  and 
Bursera  aptera,  and  latex  of  Plumeria  rubra 
(Table  2). 

DISCUSSION 

Resource  availability  changed  seasonally  in 
our  study  site.  Tropical  dry  forest  in  Santa 
Maria  Tecomavaca  provided  food  resources 
for  Military  Macaws  during  the  prolonged  dry 
season  and  when  breeding  occurs  from  March 
until  September  (Rivera-Ortiz  et  al.  2008). 
Macaws  may  move  during  winter  to  other 
sites  with  higher  food  resource  availability 
(Gaucln  et  al.  1999).  Seasonal  migrations  are 
common  among  macaws;  other  psittacines  are 
known  to  track  food  resource  availability 
(Pizo  et  al.  1995;  Bonadie  and  Bacon  2000; 
Renton  2001,  2002;  Symes  and  Perrin  2003; 
Karubian  et  al.  2005). 

The  diet'of  Military  Macaws  was  highly 
variable  seasonally.  The  diet  was  mostly 
seeds,  as  in  other  Psittacidae,  but  also  con¬ 


tained  fruits  of  Bunchosia  montana  and  Neo- 
buxbaumia  tetetzo,  and  leaves  of  Cyrtocarpa 
procera.  Military  Macaws  had  a  narrow  diet 
based  on  the  Levins  niche  breadth  index. 
Sosa-Asanza  (2000)  reported  values  for  the 
Levins  index  for  Maroon-tailed  Parakeet  (Pyr- 
rhura  melanura)  of  B  —  0.5,  Cobalt-winged 
Parakeet  ( Brotogeris  cyanoptera)  of  B  =  0.55, 
Black-headed  Parrot  ( Pionites  melanocephal- 
us)  of  B  =  0.75,  Blue-headed  Parrot  ( Pionus 
menstruus )  of  B  =  0.55,  and  Orange-winged 
Amazon  ( Amazona  amazona)  of  B  =  0.55. 
Renton  (2001)  reported  the  Lilac-crowned 
Parrot  ( Amazona  finschi)  had  an  index  of  B  = 
0.55  in  the  rainy  season,  while  Scarlet  Ma¬ 
caws  had  an  index  of  B  =  0.39  (Renton  2006). 
Other  studies  also  indicate  high  diet  speciali¬ 
zation  for  macaws,  even  though  niche  breadth 
was  not  calculated  (Loza  1997,  Inigo-Elias 
1999). 

Niche  breadth  was  low,  but  varied  between 
the  two  sites  and  between  seasons,  being 
broader  in  Santa  Marfa  Tecomavaca  where 
macaws  breed.  Macaws,  during  breeding, 
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spent  more  time  in  the  canyon  (Rivera-Ortiz 
et  al.  2008)  consuming  available  food  resourc¬ 
es.  These  variations  have  been  reported  for 
other  parrots  that  had  a  correlation  between 
availability  of  food  resources  and  diet  breadth 
(Wermundsen  1997,  Renton  2001)  or  seasonal 
variation  that  could  not  be  attributed  to  food 
abundance  (Matuzak  et  al.  2008).  Macaws 
consumed  the  latex  of  Plumeria  rubra  in  our 
study  site  when  this  plant  was  flowering.  This 
is  the  first  record  of  a  parrot  consuming  plant 
latex.  Latex  had  high  water  content,  but  also 
was  rich  in  lipids  which  constitute  a  good  en¬ 
ergetic  source  for  large  birds  such  as  macaws. 
The  use  of  leaves  as  a  food  resource  is  also 
uncommon  for  parrots  (Pizo  et  al.  1995,  Gau- 
cin  et  al.  1999,  Kristosch  and  Marcondes-Ma- 
chado  2001,  Matuzak  et  al.  2008). 

Parrots  are  usually  considered  seed  preda¬ 
tors  (Janzen  1972,  1981;  Higgins  1979;  Howe 
1980;  Galetti  1993;  Kristosch  and  Marcondes- 
Machado  2001;  Renton  2001,  2006;  Francisco 
et  al.  2002;  Bollen  and  Elsacker  2004)  with 
potential  to  reduce  seedling  recruitment  (Gal¬ 
etti  and  Rodrigues  1992,  Galetti  1993,  Fran¬ 
cisco  et  al.  2002).  Renton  (2001)  proposed 
that  parrots  can  contribute  to  maintenance  of 
tree  diversity  in  tropical  forests.  Military  Ma¬ 
caws  in  our  study,  consumed  only  the  pulp  of 
Bunchosia  montana  dropping  the  seeds  where 
secondary  dispersers  could  act.  Macaws  also 
consumed  fruits  of  Neobuxbaumia  tetetzo ,  a 
columnar  cacti  that  has  a  high  number  of 
small  seeds,  and  probably  serves  as  a  primary 
disperser  as  described  for'other  parrots  eating 
fruits  with  small  seeds  (Eitniear  et  al.  1994, 
Norconk  et  al.  1998).  Further  studies  are  need¬ 
ed  to  evaluate  the  role  of  Military  Macaws  as 
seed  dispersers. 

The  nutritional  content  of  food  resources 
eaten  by  Military  Macaws  is  comparable  to 
that  in  foods  used  by  other  parrots  (Abramson 
1995,  Pepper  1996,  Pepper  et  al.  2000).  The 
lipid  content  of  fruits  was  similar  to  that  re¬ 
ported  for  fruit  eaten  by  Lilac-crowned  Parrots 
(Gutierrez-Perez  2005),  and  by  parrots  in  Peru 
(Gilardi  1996),  except  for  fruits  of  Neobux¬ 
baumia  tetetzo  which  had  high  protein  content 
(28.6%).  Military  Macaws  used  food  resourc¬ 
es  rich  in  protein  and  lipids  during  the  breed¬ 
ing  season  when  they  require  energetically 
rich  foods  (Vriends  1991);  nestlings  also  have 
high  protein  requirements  for  growth  (Sakai 
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et  al.  1986,  Vriends  1991,  Koutsos  et  al. 

2001). 

Military  Macaws  had  a  narrow  but  variable 
diet  during  the  year.  This  variation  and  their 
high  mobility  may  represent  adaptability  to 
changing  food  resources.  However,  the  high 
energetic  content  of  their  preferred  foods  sug¬ 
gests  that  Military  Macaws  can  be  considered 
as  seasonally  specialized  birds  which  track 
food  resources  in  a  landscape  context.  Con¬ 
servation  of  Military  Macaws  depends  on 
conservation  of  food  resources;  management 
plans  for  the  region  should  focus  on  preserv¬ 
ing  plant  species  used  throughout  the  year. 
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FUNCTION  OF  THE  COMMON  LOON  FOOT  WAGGLE 

JAMES  D.  PARUK1 


ABSTRACT. — The  foot  waggle  behavior  in  Common  Loons  ( Gavia  immer )  has  been  postulated  to  serve 
primarily  as  a  comfort  movement,  but  may  also  have  a  role  in  thermoregulation.  I  studied  foot  waggles  in 
Common  Loons  during  1994-1996.  Foot  waggling  was  most  often  associated  with  preening  and  resting  behav¬ 
iors  (81.1%).  They  were  observed  also  during  agonistic  encounters  with  conspecifics,  in  response  to  human 
disturbance  (boating),  and  during  social  gatherings  with  other  loons.  Foot  waggle  frequency  was  compared  to 
wind  speed,  ambient  temperature,  water  temperature,  and  incident  light  levels.  Wind  speed  had  a  negative  effect 
and  incident  light  had  a  positive  effect  on  adult  loon  foot  waggle  frequency.  Ambient  air  temperature  and  water 
temperature  had  no  effect  on  the  frequency  of  foot  waggling.  Adult  loons  with  young  foot  waggled  4-5  times 
more  per  day  during  July-August  than  in  May-June,  when  they  were  without  young.  The  data  suggest  the  loon 
foot  waggle  is  primarily  a  comfort  movement,  but  may  also  be  indirectly  involved  in  attempts  by  individuals  to 
thermoregulate.  Received  29  June  2007.  Accepted  25  December  2008. 


Common  Loons  ( Gavia  immer),  diving 
ducks  ( Oxyura ,  Aythya),  grebes  ( Aechmopho - 
rus,  Podiceps),  andf  mergansers  ( Mergus ,  Lo- 
phodytes)  all  foot  waggle  (McKinney  1965). 
A  foot  waggle  consists  of  raising  one  foot  in 
the  air  and  either  holding  it  there  for  a  brief 
time,  or  shaking  it,  often  several  times  in  suc¬ 
cession  (McIntyre  1988).  The  foot  may  be 
dipped  into  the  water  again  and  the  foot  wag¬ 
gle  repeated,  or  it  may  be  placed  under  the 
wing,  or  “shipped”  (McKinney  1965).  Foot¬ 
shaking  (or  waggling)  removes  dirt  and  sus¬ 
pended  particles,  that  accumulate  while  swim¬ 
ming,  to  avoid  contamination  or  wetting  of  the 
flank  feathers  when  the  foot  is  shipped  (Mc¬ 
Kinney  1965).  Foot  waggling  occurs  most  fre¬ 
quently  in  birds  that  are  about  to  sleep  or  rest 
and  is  primarily  viewed  as  being  a  comfort 
movement  (McKinney  1965).  However,  Lo¬ 
renz  (1953)  showed  that  some  comfort  move¬ 
ments  could  serve  as  signals  (e.g.,  head-shake, 
tail-shake)  but  others,  that  are  associated  with 
a  disturbance  or  after  copulation,  are  unlikely 
to  have  any  signal  function  (e.g.,  head-up). 
McIntyre  and  Barr  (1997)  reported  that  no 
quantitative  data  exist  on  the  Common  Loon 
foot  waggle. 

McIntyre  (1988)  posited  the  loon  foot,  due 
to  its  large  size  and  extensive  vascularization, 
has  a  role  in  thermoregulation.  Several  studies 
have  shown  that  birds  regulate  body  temper¬ 
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atures  using  their  feet  and  legs  (Steen  and 
Steen  1965,  Johansen  and  Millard  1973,  de 
Vries  and  van  Eerden  1995,  de  Leeuw  et  al. 
1998,  Wilson  et  al.  1998).  Loons  have  a  venae 
comitantes  system  instead  of  a  rete  mirable 
network  found  in  most  similar  waterbirds, 
e.g.,  grebes  and  mergansers  (Midtgard  1981). 
The  difference  between  the  two  systems  is 
slight;  the  rete  has  more  major  veins  that  sur¬ 
round  the  artery  going  to  the  feet  than  the  ve¬ 
nae  comitantes  system.  Both  systems  provide 
a  marked  reduction  in  heat  loss  via  counter- 
current  exchange  as  well  as  allowing  for  heat 
dissipation.  The  foot  is  shipped  in  many  in¬ 
stances  after  a  foot-waggle,  and  it  is  likely  a 
relationship  exists  between  foot-waggling  and 
a  loon’s  thermal  budget. 

The  objectives  of  this  study  were  to  ex¬ 
amine  the  function  of  the  Common  Loon  foot 
waggle  by  testing  for  an  association  between 
its  frequency  and  (1)  resting  and  preening  be¬ 
haviors,  (2)  changes  in  the  environment,  and 
(3)  the  behavioral  and  social  context  in  which 
they  are  performed.  These  objectives  relate  to 
hypotheses  about  comforl  movements,  ther¬ 
moregulation,  and  signaling. 

METHODS 

Study  Sites. — Four  pairs  of  loons  were  mon¬ 
itored  in  1994  in  the  eastern  Upper  Peninsula 
of  Michigan  (45°  N,  86°  W)  at  Seney  National 
Wildlife  Refuge  (SNWR)  and  one  pair  at 
Manistique  Lake  outside  of  SNWR.  Five  pairs 
of  loons  were  monitored  in  1 995  and  1 996  in 
northern  Wisconsin  (46°  N,  90°  W)  at  the  Tur- 
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tie  Flambeau  Flowage  (TFF).  Social  behavior 
of  loons  was  filmed  in  1996  and  1997  at  TFF 
and  in  1998  at  Azicohos  Lake,  Maine  (45°  N, 
71°  W).  All  lakes,  in  the  study  areas  are  me- 
sotrophic.  Lakes  at  SNWR  used  by  loons  are 
shallow  and  <3  m  deep  throughout.  Manis- 
tique  Lake  is  natural,  285  ha  in  size  and  with 
an  average  depth  of  3  m.  TFF  is  a  large  im¬ 
poundment  covering  5,978  ha  with  an  average 
depth  of  3  m  and  maximum  depth  of  16  m. 
Azicohos  Lake  is  also  a  large  impoundment, 
2,506  ha  in  size  with  an  average  depth  of 
9.9  m. 

Data  Collection. — Both  members  of  all 
loon  pairs  in  =  10;  20  individuals)  were  cap¬ 
tured  and  uniquely  color-marked  prior  to  ob¬ 
servation  (Evers  1993).  Colored  plastic  bands 
were  placed  on  the  legs  and  were  visible  when 
individuals  foot-waggled.  Thus,  each  individ¬ 
ual  could  be  confidently  identified.  Similarly, 
all  13  chicks  were  banded  and  could  also  be 
identified. 

Pairs  were  monitored  2  days  during  pre-in¬ 
cubation  (5  May- 10  Jun),  5  days  during  in¬ 
cubation  (10  Jun-4  Jul),  and  9  days  during 
post-hatching  (26  Jun-31  Aug).  Each  pair  was 
observed  continuously  from  0.5  hrs  before  lo¬ 
cal  sunrise  to  0.5  hrs  after  local  sunset,  16—18 
hours  each  day.  Data  were  gathered  by  vol¬ 
unteers  (Earthwatch  Institute),  assistants,  and 
myself.  Assistants  and  volunteers  were  trained 
in  the  use  of  spotting  scopes,  identification  of 
colored  leg  bands,  and  loon  behavior. 

Data  recorded  during  occurrence  of  each 
foot  waggle  included  total  number  performed, 
which  leg  was  used  (right  or  left),  time  of  day, 
and  type  of  behavior  preceding,  during,  and 
after  each  event  (e.g.,  preening,  resting,  for¬ 
aging).  Environmental  variables:  ambient  tem¬ 
perature,  water  temperature,  wind  speed,  and 
incident  light  were  measured  hourly.  Standard 
air  and  water  temperature  was  obtained  using 
a  DX  thermometer,  Calibrated  to  0.1°  C.  Water 
temperature  was  taken  both  near  shore  and  far 
from  shore  (using  a  fishing  pole).  Wind  speed 
and  incident  light  were  obtained  using  a 
Dwyer  Wind  Meter  and  General  Electric  in¬ 
cident  light  meter,  respectively.  The  frequency 
of  foot  waggles  by  individuals  was  also  re¬ 
corded  in  response  to  disturbance  (boating. 
Bald  Eagle.  [Haliaeetus  leucocephalus]  flying 
overhead,  etc.).  A  disturbance  was  defined  as 


one  that  caused  at  least  one  adult  loon  vocal¬ 
ization  (wail,  tremolo). 

Thirty-one  separate  and  distinct  social  gath¬ 
erings  were  filmed  (Jul-Aug)  and  analyzed 
(11  hrs  and  50  min).  Foot  waggle  data  col¬ 
lected  during  these  events  included:  number 
of  individuals  in  the  gathering,  number  of  in¬ 
dividuals  foot  waggling,  total  number  of  foot 
waggles  observed  for  each  individual  (if  pos¬ 
sible),  and  behavior  of  the  individual  prior, 
during,  and  after  a  foot  waggle  was  observed. 
Young  had  to  be  facing  the  adults  and  they 
had  to  foot  waggle  within  a  specified  time  (5 
sec)  of  an  adult  foot  waggle  for  social  facili¬ 
tation  to  be  scored  positively.  For  example,  if 
an  adult  foot  waggled  and  a  young  foot  wag¬ 
gled  <5  sec  of  the  adult,  it  was  scored  as  “Y” 
and  if  it  did  not  foot  waggle  within  5  sec  of 
the  adult,  it  was  scored  as  “N.”  A  stopwatch 
was  used  by  all  team  members  to  measure 
time. 

Age  of  young  in  days  was  correlated  with 
the  number  of  foot  waggles  per  day  for  each 
individual  to  examine  foot  waggling  with 
young  development.  I  only  included  data  from 
individual  chicks/juveniles  that  could  be  pos¬ 
itively  identified  (bands)  and  for  which  the  ex¬ 
act  hatching  date  was  known.  Not  all  chicks 
were  banded  at  the  exact  same  age  because  of 
logistical  constraints. 

Data  Analyses. — The  frequency  of  foot 
waggling  per  hour  fit  a  Poisson  distribution 
and  was  tested  using  Poisson  log-linear  re¬ 
gressions  using  SAS.  The  model  was  tested 
using  a  Pearson  Chi-square  Goodness  of  Fit 
test.  ANOVA  was  used  to  test  for  preference 
for  foot  waggles  to  be  either  right  or  left  foot¬ 
ed.  All  other  statistical  tests  were  conducted 
following  Zar  (1984)  using  SYSTAT.  Means 
±  SE  are  presented. 

RESULTS 

Adults. — Most  foot  waggles  were  associated 
with  preening  (41.5%)  and  resting  (39.6%) 
behaviors  (Table  1).  Over  one-third  (36.4%) 
of  all  preening  bouts  included  at  least  one  foot 
waggle  and  one-fifth  (20%)  ended  with  a  foot 
waggle.  Foot  waggles  were  also  observed  dur¬ 
ing  the  following  behaviors,  but  at  a  much 
lower  frequency:  swimming  (8.8%),  agonistic 
(5%),  and  social  (3.5%)  (Table  1).  Foot  wag¬ 
gling  two  or  more  times  in  succession  was 
generally  only  observed  for  preening  and  rest- 
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TABLE  1.  Behaviors  associated  with  foot  wag¬ 
gling  in  Common  Loons  ( n  =  20  adults)  during  the 
breeding  season  (May-Aug)  at  Seney  National  Wild¬ 
life  Refuge  and  Manistique  Lake,  Michigan,  and  Turtle 
Flambeau  Flowage,  Wisconsin,  1994-1996, 

Foot  waggles1 


%  in  B  that  %  in  B  that 

Behavior  (B)  Total  (%)  were  1  only  were  >2 


Preening 

41.5 

7.6 

92.4 

Resting 

39.6 

12.4 

87.6 

Swimming 

8.8 

77.6 

22.4 

Agonistic 

5.0 

97.5 

2.5 

Social 

3.5 

92.4 

7.6 

Other 

1.5 

0.0 

0.0 

99.9 

1  A  foot  waggle  was  recorded  if  a  loon  raised  its  leg  above  the  water  and 
shook  it. 

ing  birds,  whereas  foot  waggles  associated 
with  a  disturbance  were  almost  always  a  sin¬ 
gle  event  (Table  1).  Foot  waggles  in  response 
to  a  disturbance  were  not  consistent.  For  ex¬ 
ample,  five  loons  performed  a  foot  waggle 
during  18  boating  traffic  disturbances  (27.8%) 
and  seven  loons  foot  waggled  during  19  en¬ 
counters  with  Bald  Eagles  (36.8%).  A  foot 
waggle  was  performed  by  at  least  one  indi¬ 
vidual  in  17  of  31  social  gatherings  filmed 
(54.8%). 

Foot  waggling  was  observed  during  every 
hour  of  the  day  (Fig.  1).  Nearly  every  indi¬ 


vidual  performed  a  foot  waggle  within  1  hr  of 
sunrise  (n  =  268/320  days,  84%)  and  the  ma¬ 
jority  of  individuals  foot  waggled  during  the 
last  hour  of  the  day  ( n  =  186/320,  58%).  The 
top  three  highest  percentages  of  the  total  num¬ 
ber  of  foot  waggles  observed/hr  occurred  at 
2000-2100  (19.4%),  1900-2000  (17.8%),  and 
1100—1200  hrs  (16.4%)  (Fig.  1).  The  lowest 
three  percentages  occurred  at  0500-0600 
(2.1%),  0600-0700  (5.5%),  and  2100-2200 
hrs  (7.4%). 

There  was  no  difference  (ANOVA;  F\  36  = 
0.064,  P  >  0.05)  among  individual  loons  pre¬ 
ferring  to  foot  waggle  the  right  or  left  leg. 
There  was  also  no  difference  among  individ¬ 
uals  in  the  number  of  foot  waggles  performed 
(ANOVA;  Fu6  =  1 .244,  P  >  0.05).  However, 
females  foot  waggled  more  (x  ±  SE  =  43  ± 
4.9)  than  males  (x  =  33  ±  4.3  day  for  the 
post-hatching  period  only  ( X2  =  8.316,  P  < 
0.05).  Adult  loon’s  foot  waggled  significantly 
more  per  day  (ANOVA;  Fl54  =  18.78,  P  < 
0.05)  (Tukey’s  HSD;  P  <  0.05)  during  the 
post-hatching  period  (x  =  38.0  ±  4.6)  than 
during  the  pre-incubation  (x  =  7.8  ±  1.2),  and 
incubation  (x  =  6.9  ±  1.3)  periods  (Table  2). 

The  frequency  of  adult  foot  waggles  was 
not  associated  (P  >  0.05)  with  ambient  tem¬ 
perature  or  water  temperature  (Table  3).  Con¬ 
siderable  variation  in  ambient  temperature  oc¬ 
curred  during  the  breeding  season  (8.9-33.3° 


Time  (hrs) 

FIG.  1.  Mean  (±  SE)  number  of  foot  waggles  performed  each  hr/day  by  20  adult  and  13  young  Common 
Loons  from  June  to  August  at  Seney  National  Wildlife  Refuge  and  Manistique  Lake,  Michigan  (1994),  and 
Turtle  Flambeau  Flowage,  Wisconsin  (1995-1996). 
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TABLE  2.  Mean  (±  SE)  number  of  adult  Common  Loon  foot  waggles  observed/day  per  breeding  period 
(pre-incubation,  incubation,  post-hatching)  with  corresponding  mean  (±  SE)  ambient  and  water  temperatures 
(°C)  from  Seney  National  Wildlife  Refuge  and  Lake  Manistique,  Michigan,  and  Turtle  Flambeau  Flowage, 
Wisconsin,  1994-1996. 

Period  #  Foot  waggles/day  Air  temp  Water  temp 


Pre-incubation  7.8  ±  1.2  14.4  ±  0.8  16.1  ±  0.6 

Incubation  6.9  ±  1.3  20.0  ±1.2  18.9  ±  0.6 

Post-hatching  38.0  ±  4.6  21.1  ±  1.2  20.5  ±  0.5 


C),  but  average  daily  fluctuations  were  gen¬ 
erally  small  (1.5-3.5°C).  Average  ambient 
temperatures  for  May,  June,  and  July  were 
14.4,  20.0,  and  21.1°  C,  respectively.  Average 
ambient  water  temperatures  for  the  same  time 
periods  were  16.1,  18.9,  and  20.5°  C,  respec¬ 
tively  (Table  2). 

The  mean  number  of  foot  waggles  in¬ 
creased  2.9%  for  every  1,000  increase  in  lu¬ 
mens/m2.  A  cloudy  day  at  all  study  sites 
ranged  from  1,500  to  2,500  lumens,  and  a 
bright  sunny  day  ranged  from  5,500  to  7,000 
lumens.  The  number  of  foot  waggles  observed 
on  sunny  days  compared  to  overcast  skies  in¬ 
creased  by  at  least  10-12%.  Wind  speed  neg¬ 
atively  ( P  <  0.01)  influenced  the  number  of 
foot  waggles  (Table  3),  and  the  mean  number 
of  foot  waggles  decreased  3.2%  for  each  0.5 
m/sec  increase  in  wind  speed. 

Young. — Most  foot  waggles  performed  by 
immature  loons  were  not  socially  facilitated 
(73.8%).  Young  loons  foot  waggled  signifi¬ 
cantly  more  per  day  ( x  =  43.7  ±  5.5)  than 
adults  ( x  =  38.0  ±  4.6/day;  t  =  3.216,  P  < 
0.05).  There  was  a  negative  correlation  (r2  = 
-0.16,  P  >  0.05)  between  the  number  of  foot 
waggles  and  age  of  chick/juvenile.  Most 
chicks  performed  a  foot  waggle  within  1  hr  of 
sunrise  («  =  250/320  days,  78%)  and  also  foot 
waggled  during  the  last  hour  of  the  day  ( n  = 
164/320,  51%).  The  top  three  highest  per¬ 


centages  of  the  total  number  of  foot  waggles 
observed/hr  occurred  at  1200-1300  (16.9%), 
1100-1200  (16.1%),  and  1700-1800  hrs 
(14.5%).  The  lowest  three  percentages  oc¬ 
curred  at  0500-0600  (1.6%),  2100-2200 
(3.5%),  and  0600-0700  hrs  (5.4%)  (Fig.  1). 

All  four  environmental  factors  were  signif¬ 
icantly  associated  with  foot  waggling  in 
young  loons  (Table  3).  The  average  number 
of  foot  waggles  decreased  2.8%  for  each  0.5 
m/sec  increase  in  wind  speed.  The  average 
number  of  foot  waggles  decreased  12.5%  for 
each  2.5°  C  increase  in  water  temperature. 
Wind  speed  and  water  temperature  were  both 
negatively  associated  with  foot  waggling  fre¬ 
quency  ( P  <  0.05).  Both  ambient  temperature 
and  incident  light  were  positively  associated 
with  foot  waggling  frequency.  The  mean  num¬ 
ber  of  foot  waggles  by  young  loons  increased 
8.5%  for  each  2.5°  C  increase  in  ambient  tem¬ 
perature.  Daily  temperature  changes  resulted 
in  a  4.5-12%  increase  in  foot  waggles.  The 
average  number  of  foot  waggles  increased 
10.5-12.0%  on  bright  sunny  days,  or  3.0%  for 
every  1,000  lumens/m2  increase. 

DISCUSSION 

McKinney  (1965)  established  that  foot 
waggling  in  waterbirds  (mergansers,  grebes) 
is  primarily  a  comfort  movement  because  it 
occurs  while  birds  are  preening  or  resting. 


TABLE  3.  Effect  of  air  and  water  temperature,  wind  speed,  and  incident  light  on  Common  Loon  foot  waggles 
(n  =  20  adults  and  13  young),  May-August,  1994  at  Seney  National  Wildlife  Refuge  and  Manistique  Lake, 
Michigan,  and  1995-1996  at  Turtle  Flambeau  Flowage,  Wisconsin. 


Variable 

Adult 

Chick/Juvenile 

a2 

P 

X2 

P 

Air  temperature 

2.8027 

0.149 

11.124 

0.001 

Water  temperature 

1.8910 

0.197 

'  6.0879 

0.016 

Wind  speed 

11.786 

0.001 

17.2528 

0.001 

Incident  light* 

5.3429 

0.024 

11.0555 

0.001 
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This  led  to  McIntyre’s  (1988)  suggestion  that 
foot  waggling  in  loons  is  also  likely  to  serve 
as  a  comfort  movement.  This  hypothesis  was 
supported  because  the  great  majority  of  foot 
waggles  (81%)  were  observed  when  loons 
were  preening  or  resting.  That  84%  of  all 
adults  foot  waggled  at  least  once  within  the 
first  hour  of  sunrise  is  further  corroborative 
evidence  that  it  is  a  stretching  movement. 
During  the  night,  loons  mostly  rest  for  7-8  hrs 
(although  there  may  be  exceptions;  Paruk 
2009),  and  it  is  likely  their  legs  are  stiff  the 
first  thing  in  the  morning  and  foot  waggling 
likely  increases  blood  flow  to  the  area.  The 
majority  of  loons  (58%)  also  foot  waggled  1 
hr  prior  to  nightfall.  Collectively,  these  data 
support  the  comfort  movement  hypothesis. 
However,  that  adults  foot  waggled  more  on 
sunny  days  than  overcast  days  suggests  foot 
waggling  may  be  correlated  with  attempts  by 
loons  to  thermoregulate. 

Loons  may  be  subject  to  heat  stress.  Paruk 
(2000)  observed  incubating  loons  gular  flut¬ 
tered  more  frequently  on  hot  days  (4:35°  C) 
than  on  milder  days  (<32°  C).  Solar  radiation 
can  have  a  dramatic  effect  on  a  bird’s  heat 
balance  (Wolf  and  Walsberg  2000).  Black 
plumages  at  low  wind  speeds  acquire  greater 
radiative  heat  load  than  white  plumages  (Lus- 
tick  et  al.  1980).  Thus,  during  the  post-nesting 
period  when  adults  are  spending  more  time 
resting  with  their  young  in  open  water,  it  is 
possible  they  may  experience  heat  stress  de¬ 
spite  being  in  a  cooling  environment  (water). 
That  loons  are  apterylous  lends  support  to  the 
hypothesis  they  may  be  susceptible  to  over¬ 
heating.  However,  postural  adjustments  and 
microstructure  and  micro-optical  properties  of 
plumage  elements  have  been  shown  to  signif¬ 
icantly  reduce  the  effects  of  heat  absorption 
by  black  feathers  (Lustick  et  al.  1980,  Wolf 
and  Walsberg  2000). 

Loons  vasodilate  and  surface  foot  temper¬ 
atures  have  been  recorded  over  65°  C  (J.  D. 
Paruk,  unpubl.  data).  Thus,  loons  eliminate 
excess  heat  through  their  feet  like  most  birds 
(Kilgore  and  Schmidt-Nielson  1973).  The  best 
apparent  way  for  a  loon  to  dissipate  heat 
would  seem  to  be  to  simply  vasodilate  while 
the  foot  is  in  the  water.  Alternatively,  a  loon 
could  raise  the  foot  above  the  water  and  shake 
it  vigorously  (foot  waggle)  and  use  evapora¬ 
tive  cooling  (convection)  to  dissipate  heat. 


The  cooled  blood  would  return  to  the  body 
and  lower  the  body  temperature.  This  method 
is  not  as  efficient  (Kilgore  and  Schmidt-Niel¬ 
son  1973,  Enstipp  et  al.  2005,  Fahlman  et  al. 
2005)  as  the  former,  but  no  quantitative  data 
exist  on  this  topic  for  loons  and  it  remains 
unclear  if  a  foot  waggle  actually  dissipates 
heat  effectively. 

Two  results  are  difficult  to  resolve.  First, 
why  would  adult  loons  increase  the  number  of 
foot  waggles  they  perform  in  July— August 
compared  to  May-June?  Second,  why  would 
young  loons  foot  waggle  more  than  adults? 
The  main  substantive  difference  between 
loons  in  late  summer  compared  to  early  sum¬ 
mer  is  they  have  young.  The  sun  is  higher  in 
the  sky,  and  water  and  ambient  temperatures 
are  slightly  higher  (Table  2).  Young  loons  re¬ 
quire  parental  care  (McIntyre  and  Barr  1997, 
Paruk  et  al.  1999)  and  adults  spend  more  time 
resting  in  the  open  during  the  post-hatching 
period  (269  min/day)  than  in  the  preincuba¬ 
tion  (158  min/day)  and  incubation  (58  min/ 
day)  periods  (Paruk  1999).  Are  adult  loons 
with  young  resting  in  the  open  water  on  sunny 
days  experiencing  heat  stress?  Loons  are  ap¬ 
terylous  and  may  be  prone  to  overheating. 
One  possible  reason  chick  foot  waggles  oc¬ 
curred  more  than  adults  may  relate  to  molting 
by  chicks  while  adults  were  not.  Loon  chicks 
undergo  two  molts  during  their  first  1 1  weeks 
and  adults  molt  in  wintering  areas  (McIntyre 
and  Barr  1997).  Avian  metabolic  rates  are 
known  to  increase  up  to  20%  during  molting 
(Lustick  1970).  Thus,  it  is  possible  immature 
loons  ship  a  foot  while  molting,  which  would 
further  reduce  heat  loss 'and  serve  as  a  ther¬ 
moregulatory  function. 

Both  adult  and  young  loons  foot  waggled 
occasionally  in  what  would  appear  to  be  a 
stressful  or  anxious  situation  for  a  loon.  Ex¬ 
amples  include  while  interacting  with  conspe- 
cifics  in  a  social  gathering,  shortly  after  en¬ 
counters  with  boaters  and  eagles,  after  partic¬ 
ularly  loud  thunder,  etc.  Foot  waggles  in  these 
situations  consisted  of  just  a  single  foot  wag¬ 
gle  (92%)  and  were  different  than  foot  wag,- 
gles  observed  during  preening  and  resting  (>2 
in  succession).  That  loons  foot  waggled 
<10%  of  the  time  when  faced  with  these  sit¬ 
uations  suggests  responses  are  likely  individ¬ 
ualistic  and  idiosyncratic,  and  do  not  serve  as 
a  signal  (Lorenz  1953).  The  data  suggest  some 
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loons  may  foot  waggle  if  they  are  anxious,  or 
stressed.  Foot  waggles  observed  in  young  in 
most  instances  were  not  socially  facilitated  by 
adults  (26.2%).  » 

The  number  of  adult  and  immature  foot 
waggles  performed  was  inversely  related  to 
wind  speed.  On  calm  days,  loons  can  steer 
with  just  one  foot  underwater,  but  as  winds 
and  wave  action  increase,  loons  lose  naviga¬ 
tional  ability  if  they  ship  one  foot  under  their 
wing.  Thus,  on  windy  days,  loons  rarely  foot 
waggled. 

The  most  parsimonious  explanation  at  this 
time  is  the  loon  foot  waggle  is  primarily  a 
comfort  movement,  but  may  have  some  role 
in  attempts  by  individuals  to  thermoregulate. 
Foot  waggles  do  not  have  any  signal  function. 
Knowing  how  foot  waggles  of  adult  loons  are 
influenced  by  the  presence  of  absence  of 
young  would  be  useful.  Quantitative  studies 
attempting  to  understand  temperature  regula¬ 
tion  in  loons  would  be  welcomed. 
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INFLUENCE  OF  TIDAL  HEIGHT  ON  DETECTION  OF  BREEDING 
MARSH  BIRDS  ALONG  THE  NORTHERN  GULF  OF  MEXICO 

SCOTT  A.  RUSH,15  ERIC  C.  SOEHREN,-  KIRK  W.  STODOLA,1 2 3 4 5 
MARK  S.  WOODREY,34  AND  ROBERT  J.  COOPER1 


ABSTRACT. — We  studied  variation  in  detection  probabilities  of  several  marsh  bird  species  during  the  breed¬ 
ing  season  in  relation  to  tidal  height  (i.e.,  water  level)  within  several  tidal  marshes  of  the  northern  Gulf  of 
Mexico.  Specifically,  we  examined  the  influence  of  tidal  height  on  our  ability  to  detect  Clapper  Rail  (Rallus 
longirostris ),  Seaside  Sparrow  ( Ammodramus  maritimus ),  Marsh  Wren  ( Cistothorus  palustris ),  Purple  Gallinule 
( Porphyrio  martinica),  and  Common  Moorhen  ( Gallinula  chloropus).  Detection  of  Clapper  Rails  and  Seaside 
Sparrows  increased  relative  to  tidal  height  while  detection  of  Marsh  Wrens  decreased.  Our  results  suggest  that 
tidal  height  influences  detection  of  specific  marsh  bird  species,  although  these  effects  may  differ  geographically. 
We  advocate  including  collection  of  tidal  height  information  as  a  part  of  the  survey  protocol  for  effective 
monitoring  of  marsh  bird  populations.  Received  21  July  2008.  Accepted  27  November  2008. 


Difficulty  in  effectively  monitoring  marsh 
bird  populations  relates  partly  to  the  secretive 
nature  of  most  target  species,  and  that  both 
audio  and  visual  detections  can  be  influenced 
by  habitat  and  ambient  conditions  (Conway 
and  Droege  2006).  Direct  evidence  is  lacking, 
but  tidal  period  appears  to  be  among  the  fac¬ 
tors  that  influence  detection  of  marsh  bird  spe¬ 
cies  (Zembal  and  Massey  1987,  Spear  et  al. 
1999,  Conway  and  Droege  2006).  For  exam¬ 
ple,  the  probability  of  Clapper  Rails  ( Rallus 
longirostris)  vocalizing  (Zembal  and  Massey 
1987)  and  detection  of  Black  Rails  ( Laterallus 
jamaicensis)  were  both  negatively  correlated 
with  high  tide  (Spear  et  al.  1999).  Conversely, 
several  species  of  passerines  increase  their 
singing  and  other  breeding  behaviors  during 
the  week  following  a  spring,  or  extreme  high 
tide  (Lewis  1920,  Marshall  and  Reinert  1990, 
Shriver  et  al.  2007).  Evidence  linking  tidal 
height  and  marsh  bird  detection  remains  lim¬ 
ited,  both  in  context  and  geographic  scope, 
and  was  listed  as  one  of  the  highest  priority 


1  D.  B.  Warnell  School  of  Forestry  and  Natural  Re¬ 
sources,  University  of  Georgia,  Athens,  GA  30602, 
USA. 

2  Alabama  Department  of  Conservation  and  Natural 
Resources,  State  Lands  Division,  Montgomery,  AL 
36130,  USA. 

3  Coastal  Research  and  Extension  Center,  Mississip¬ 
pi  State  University,  Biloxi,  MS  39532,  USA. 

4  Grand  Bay  National  Estuarine  Research  Reserve, 
Moss  Point,  MS  39562,  USA. 

5  Corresponding  author;  e-mail: 
rushs@warnelLuga.edu 


research  needs  by  participants  at  a  recent 
marsh  bird  symposium  (USDI  2006). 

Standardized  marsh  bird  survey  protocols 
have  been  developed  (Conway  2008);  these 
protocols  suggest  that  replicate  surveys  be 
conducted  during  a  period  of  similar  tidal 
stage  (Conway  and  Droege  2006).  However, 
attempts  to  standardize  timing  of  surveys  rel¬ 
ative  to  tidal  activity  can  be  exceptionally  dif¬ 
ficult  as  timing  of  tidal  inundation  varies  con¬ 
siderably  on  temporal  and  geographic  scales 
(Conway  2008).  Tidal  marshes  along  the  At¬ 
lantic  and  Pacific  coasts  of  the  United  States 
typically  experience  two  tidal  cycles  with  tidal 
amplitude  varying  with  lunar  cycle  (Bertness 
et  al.  1992).  In  contrast,  northern  Gulf  of 
Mexico  tides  are  driven  more  by  variation  in 
atmospheric  pressure  and  wind  direction 
(Odum  et  al.  1995).  As  a  result,  tidal  marshes 
of  the  northern  Gulf  of  Mexico  generally  ex¬ 
perience  much  smaller  and  less  predictable 
tidal  ranges  in  comparison  to  those  along  the 
Atlantic  and  Pacific  coasts  (Stout  1984). 

Tidal  period  has  the  potential  to  influence 
the  behavior  of  many  marsh  bird  species, 
which  could  subsequently  alter  the  ability  to 
detect  them.  However,  species-  and  geograph¬ 
ic-specific  responses  to  the  tidal  period  are 
still  unknown.  Our  objective  was  to  assess 
variation  in  detection  of  several  species  of 
marsh  birds  in  response  to  tidal  height  and 
period  within  tidal  marshes  of  the  northern 
Gulf  of  Mexico.  Specifically,  we  examined  the 
influence  of  tidal  height  and  time  since  spring 
tide  on  our  ability  to  detect  Clapper  Rails, 
Seaside  Sparrows  ( Ammodramus  maritimus). 
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Marsh  Wrens  ( Cistothorus  palustris),  Purple 
Gallinules  ( Porphyrio  martinica ),  and  Com¬ 
mon  Moorhens  ( Gallinula  chloropus). 

METHODS 

Survey  Area  and  Protocol. — We  followed 
the  sampling  methodology  described  in  the 
North  American  Marsh  Bird  Monitoring  Pro¬ 
tocol  (Conway  and  Droege  2006,  Conway 
2008),  and  conducted  surveys  by  boat  at  109 
and  118  locations  in  Alabama  and  Mississippi, 
respectively.  All  surveys  were  conducted 
within  3  hrs  of  sunrise.  Surveys  consisted  of 
a  5-min  passive  listening  period  followed  by 
30  sec  of  call  playback,  and  then  30  sec  of 
passive  period  for  select  focal  species  (Con¬ 
way  2008).  We  used  call  playbacks  for  Clap¬ 
per  Rails,  Purple  Gallinules,  and  Common 
Moorhens.  Detections  were  comprised  of  both 
audio  and  visual  observations  for  all  focal 
species. 

Alabama  surveys  were  conducted  in  2004 
and  Mississippi  surveys  were  conducted  in 
2005.  All  survey  points  were  at  least  400  m 
apart  and  two  replicate  surveys  were  con¬ 
ducted  at  each  point  with  >2  weeks  between 
surveys.  Conway  (2008)  suggested  conduct¬ 
ing  three  or  more  surveys  per  season  to  ac-  ’ 
curately  estimate  population  size  but  we  were 
not  interested  in  estimating  population  trends. 
We  conducted  the  initial  surveys  between  15 
March  and  23  June  and  the  second  survey  be¬ 
tween  15  June  and  6  August.  The  mean  num¬ 
ber  of  days  between  replicate  surveys  was  5 1 
(SD  =  19)  in  Alabama  and  24  (SD  =  7.12)  . 
in  Mississippi.  We  only  included  detections 
within  100  m  of  each  survey  point  to  avoid 
the  possibility  of  double-counting  individuals 
at  neighboring  survey  points.  We  deviated 
from  Conway  and  Droege  (2006)  by  not  es¬ 
timating  individual  distances  between  the  ob¬ 
server  and  Marsh  Wrens  or  Seaside  Sparrows, 
because  we  were  not  interested  in  estimating 
the  density  of  these  species.  Two  surveyors 
conducted  surveys  in  Alabama  and  two  dif¬ 
ferent  surveyors  conducted  surveys  in  Missis¬ 
sippi. 

Surveys  in  Alabama  were  conducted  in  tid- 
ally-influenced  saline  and  brackish  marshes 
occurring  along  the  shoreline  of  Baldwin  and 
Mobile  counties.  Survey  points  in  low  and 
mid-marsh,  or  higher  salinity  areas,  were 
dominated  by  Spartina  alterniflora  (low 


marsh)  or  Juncus  roemerianus  (mid-marsh), 
characteristic  of  the  mainland  coastline  and 
inlets  of  lower  Mobile  Bay.  These  marshes  are 
regularly  to  irregularly  inundated  by  tidal 
flooding  and  are  characterized  by  a  meso-  (5- 
18  ppt)  to  polyhaline  (18-30  ppt)  salinity  re¬ 
gime.  Survey  points  in  fresh  (<0.5  ppt  salin¬ 
ity)  to  brackish  (oligohaline:  0.5-5  ppt  salin¬ 
ity)  emergent  marshes  were  characterized  by 
one  or  several  combinations  of  Typha  dom- 
ingensis,  Sagittaria  lancifolia,  Cladium  ja- 
maicense,  Peltandra  virginica,  Phragmites 
australis,  or  other  less  frequently  encountered 
dominants  occurring  in  the  lower  portion  of 
the  Mobile-Tensaw  River  Delta.  Shrubby 
stands  of  Baccharis  halimifolia  and  Iva  fru- 
tescens  can  occur  in  both  marsh-types  where 
elevations  are  slightly  higher  than  the  sur¬ 
rounding  marsh  (Holliman  1978). 

Our  study  area  in  Mississippi  encompassed 
two  estuarine  systems,  the  Pascagoula  River 
Marsh  Coastal  Preserve  and  Grand  Bay  Na¬ 
tional  Estuarine  Research  Reserve,  both  of 
which  are  in  Jackson  County.  Emergent  marsh 
of  the  oligohaline  to  mesohaline  Pascagoula 
River  Marsh  Coastal  Preserve  was  dominated 
by  Juncus  roemerianus,  Spartina  alterniflora, 
S.  cynosuroides,  and  Sagittaria  lancifolia 
while  the  polyhaline  Grand  Bay  site  was  dom¬ 
inated  by  J.  roemerianus  with  a  narrow  fringe 
of  S.  alterniflora.  All  tidal  systems  surveyed 
within  Alabama  and  Mississippi  are  influ¬ 
enced  by  irregular  tides  (<1  m).  The  entirety 
of  our  study  area  experiences  warm  vernal  cli¬ 
mates  with  a  mean  summer  temperature  of 
27°  C  and  average  monthly  summer  precipi¬ 
tation  of  16  cm  (Stout  1984). 

We  used  tide  tables  (NOAA  2004,  2005)  to 
assess  the  influence  of  tidal  height  on  detec¬ 
tion  probabilities.  We  identified  the  time  of 
low  and  high  mean  tide  for  each  survey,  and 
tidal  range  from  a  monitoring  station  closest 
to  the  suite  of  particular  survey  points  (mean 
[±  SE]  distance:  4.5  ±  0.4  km).  We  calculated 
the  total  time  span  between  mean  high  and 
low  tide,  and  the  maximum  tidal  range  from 
this  information,  and  then  used  proportions  to 
estimate  tidal  height  for  each  day  of  survey 
(we  refer  to  this  measure  as  TIDE).  We  are 
aware  that  more  robust  measures  of  tidal 
height  may  be  collected  from  ‘real  time’  mon¬ 
itoring  stations  proximate  to  our  survey  sites, 
but  availability  of  these  data  for  our  study  pe- 
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riod  was  limited.  However,  predicted  tidal 
heights  were  highly  correlated  with  measured 
tidal  heights  ( R 2  =  0.81,  n  =  32)  based  on 
data  available  for  a  subset  of  sites  in  Missis¬ 
sippi  (SAR,  unpubl.  data),  and  were  consid¬ 
ered  to  provide  a  good  fit.  Tidal  heights  were 
relatively  consistent  between  replicate  surveys 
(average  tidal  height  during  first  survey:  0.28 
m  above  mean  sea  level,  range:  —0.06  to  0.60 
m,  average  tidal  height  during  second  survey: 
0.40,  range:  —0.15  to  0.79  m). 

Tidal  systems  along  the  northern  Gulf  of 
Mexico  experience  predictable  high  flood 
tides  about  every  2  weeks  (Stout  1984).  These 
tidal  peaks,  known  as  spring  tides,  destroy  the 
nests  of  birds  that  are  built  on,  or  low  to  the 
ground  (Meanley  1985,  DiQuinzio  et  al.  2002, 
Gjerdrum  et  al.  2005,  Greenberg  et  al.  2006, 
Reinert  2006,  Shriver  et  al.  2007).  Several 
species  of  tidal  marsh  nesting  passerines  have 
been  found  to  increase  breeding  behaviors, 
such  as  vocalizations,  mate  guarding,  and 
chases  in  the  week  following  a  spring  tide 
(Lewis  1920,  Marshall  and  Reinert  1990, 
Conway  and  Droege  2006,  Shriver  et  al. 
2007).  We  developed  a  measure  of  the  number 
of  days  between  when  a  survey  was  conduct¬ 
ed  and  nearest  spring  tide  (referred  to  as 
DAYS). 

Modeling  Species  Detections. — We  used  the 
occupancy  modeling  software  program  PRES¬ 
ENCE  2.1  (MacKenzie  et  al.  2006)  to  assess 
the  influence  of  TIDE  and  DAYS  on  detection 
of  Clapper  Rails,  Seaside  Sparrows,  and 
Marsh  Wrens.  We  used  occupancy  models 
rather  than  a  different  statistical  approach 
(e.g.,  ANOVA,  or  other  linear  model)  as  al¬ 
ternative  methods  do  not  account  for  the  fun¬ 
damental  process  of  detection  in  occupancy 
estimation  (Royle  and  Dorazio  2008).  We 
combined  data  for  Purple  Gallinules  and 
Common  Moorhens  (referred  to  as  gallina¬ 
ceous  species)  because  our  number  of  detec¬ 
tions  of  both  were  relatively  low  across  our 
survey  area,  they  share  similar  life  history 
traits  (Bannor  and  Kiviat  2002,  West  and  Hess 
2002),  and  to  increase  our  statistical  power 
(MacKenzie  et  al.  2002). 

We  conceptualized  occupancy  modeling  by 
considering  three  probabilities  for  each  spe¬ 
cies:  (1)  the  probability  the  survey  site  is  oc¬ 
cupied  by  the  focal  species  (40;  (2)  the  con¬ 
ditional  probability  that,  given  the  focal  spe¬ 


cies  occupies  the  survey  site,  it  used  that  pre¬ 
cise  location  during  the  survey  period;  and  (3) 
the  conditional  probability  that,  given  the  fo¬ 
cal  species  occupies  the  survey  site,  it  was 
detected  by  the  surveyor.  The  first  probability 
(4<)  is  often  the  topic  of  interest  in  understand¬ 
ing  the  spatial  distribution  of  animal  popula¬ 
tions,  but  the  product  of  the  second  and  third 
probabilities  (p)  reflects  the  general  detection 
probability  of  the  study  organism  (MacKenzie 
et  al.  2002),  and  is  the  focus  of  this  study. 

We  initiated  model  development  for  each  of 
our  focal  species  with  a  model  incorporating 
observer  influence  on  detection.  We  treated 
observer  as  a  survey-specific  dichotomous  co¬ 
variate  (OBSERVER)  by  pooling  data  col¬ 
lected  in  Mississippi  and  Alabama.  We  cre¬ 
ated  two  alternative  models  for  each  species, 
a  NULL  or  most  reduced  model,  which  in¬ 
cluded  the  influence  of  OBSERVER  only  and 
an  additional  model  which  included  the  eo- 
variate  TIDE.  We  developed  additional  occu¬ 
pancy  models  for  Marsh  Wrens  and  Seaside 
Sparrows  that  included  the  covariate  DAYS, 
and  an  additive  model  addressing  the  combi¬ 
nation  of  DAYS  and  TIDE  for  a  total  of  four 
alternative  models  for  each  species.  The  mod¬ 
el  that  contained  all  factors  was  referred  to  as 
the  GLOBAL  model  for  each  of  our  focal  spe¬ 
cies. 

Assessment  of  Model  Fit. — We  tested  the  fit 
of  the  GLOBAL  model  for  each  focal  species 
by  bootstrapping  it  1,000  times  to  generate  a 
variance  inflation  factor  (c)  and  adjusted  for 
any  lack  of  fit  using  c  (Burnham  and  Ander¬ 
son  2002).  We  used  Akaike’s  Information  Cri¬ 
terion  (AIC;  Akaike  1973)  generated  in 
PRESENCE  to  compare  models  based  on  log- 
likelihood  values  (Burnham  and  Anderson 
2002).  We  assessed  model  fit  based  on  AIC 
values,  the  number  of  parameters  ( K ),  and 
model  deviance  (Dev).  Models  were  ranked 
and  compared  using  AAIC  and  AIC  weights, 
where  AAIC  estimates  the  relative  difference 
between  the  top  ranked  model  and  each  ad¬ 
ditional  model.  The  model  with  the  lowest 
AIC  value  was  considered  that  best  supported, 
but  only  if  AAIC  £  2  existed  between  this 
model  and  more  complex  models  in  which  it 
was  nested  (Richards  2008).  We  used  likeli¬ 
hood  ratio  tests  to  examine  whether  the  ad¬ 
ditional  effects  incorporated  into  the  more 
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TABLE  1.  Models  assessing  the  influence  of  tidal  height  at  time  of  survey  on  detection  of  marsh  birds  along 
the  northern  Gulf  of  Mexico.  Covariates  modeled  on  detection  probability  are  OBSERVER  (a  measure  of 
observer  ability),  TIDE  (an  estimate  of  tidal  height  during  the  survey),  and  DAYS  (number  of  days  between 
spring  tide  and  when  a  survey  was  conducted),  w,  denotes  the  weight  of  evidence  for  a  particular  model  among 
the  suite  of  models  developed  for  each  species,  K  is  the  number  of  parameters  in  the  model,  and  Dev  is  model 
deviance.  Models  in  bold  reflect  those  best-supported. 

Species 

Model 

AAIC 

DAIC 

W\ 

K 

Dev 

Clapper  Rail 

1R(.),  p(OBSERVER  +  TIDE) 

567.34 

0.00 

0.72 

4 

559.34 

'lb.),  p(OBSERVER) 

569.24 

1.90 

0.28 

3 

563.24 

Seaside  Sparrow 

'IT.),  p(OBSERVER  +  TIDE) 

495.74 

0.00 

0.70 

4 

487.74 

T(.),  p(OBSERVER  +  TIDE  +  DAYS) 

497.48 

1.74 

0.29 

5 

487.48 

T(.),  p(OBSERVER  +  DAYS) 

509.54 

13.80 

0.00 

4 

501.54 

T(.),  p(OB SERVER) 

509.80 

14.06 

0.00 

3 

503.80 

Marsh  Wren 

'E(-),  p(OBSERVER  +  TIDE) 

361.37 

0.00 

0.73 

4 

353.37 

T(.),  p(OBSERVER  +  TIDE  +  DAYS) 

363.34 

1.97 

0.27 

5 

353.34 

T(.),  p(OBSERVER  +  DAYS) 

384.02 

20.04 

0.00 

4 

376.02 

Ti.J,  p(OBSERVER) 

383.38 

22.65 

0.00 

3 

377.38 

Gallinaceous  species 

'!'(.),  p(OBSERVER) 

315.01 

0.00 

0.67 

3 

309.01 

T(.),  p(OBSERVER  +  TIDE) 

316.45 

1.44 

0.33 

4 

308.45 

complex  models  were  important  (Burnham 
and  Anderson  2002). 

RESULTS 

Evaluation  of  model  fit  indicated  the 
GLOBAL  model  adequately  fit  each  of  our 
focal  species  (c  <  1 ;  range  0.3  to  0.6).  Rela¬ 
tive  support  for  our  models  representing  the 
influence  of  TIDE  on  detection  of  Clapper 
Rails,  Seaside  Sparrows,  and  Marsh  Wrens  in¬ 
dicated  that  inclusion  of  TIDE  provided  a  sub¬ 
stantially  better  fit  than  models  accounting  for 
observer  effects  alone  (Table  1).  Comparison 
of  model  deviance  for  models  representing  de¬ 
tection  of  the  gallinaceous  species  group  in¬ 
dicated  a  higher  level  of  support  for  the  model 
that  included  TIDE;  the  strength  of  support  in 
favor  of  this  model  was  minimal  and  param¬ 
eter  estimates  indicated  a  lack  of  an  identifi¬ 
able  directional  effect  (Table  1 :  parameter  es¬ 
timate  =  —0.43,  SE  =  0.52). 

Model  selection  based  on  AIC  indicated  the 
best  supported  model  which  described  the  de¬ 
tection  of  Clapper  Rails  included  the  effects 
of  OBSERVER  alone.  However,  a  post-hoc 
likelihood  ratio  test  suggested  detection  of 
Clapper  Rails  significantly  increased  relative 
to  TIDE  (Fig.  1A;  x2  =  3.9,  df  =  1,  P  = 
0.048).  Greater  support  was  given  to  models 
that  included  TIDE  (Table  1)  for  Seaside  Spar¬ 
rows  and  Marsh  Wrens  suggesting  greater  de¬ 
tection  of  these  species  with  changing  tidal 
height  (Fig.  IB,  C).  Increases  in  TIDE  signif¬ 


icantly  increased  detection  probability  for 
Seaside  Sparrows  (parameter  estimate  =  1.04, 
SE  =  0.26)  but  decreased  detection  probabil¬ 
ity  for  Marsh  Wrens  (parameter  estimate  = 
-  1.91,  SE  =  0.44,  Fig.  IB,  C).  TIDE  was  not 
included  in  the  best  supported  model  for  gal¬ 
linaceous  species  (Table  1). 

DISCUSSION 

Tidal  height  influenced  detection  of  Clapper 
Rails,  Seaside  Sparrows,  and  Marsh  Wrens. 
Both  Clapper  Rails  and  Seaside  Sparrows  ex¬ 
hibited  a  positive  increase  in  detection  relative 
to  tidal  height  while  Marsh  Wrens  detections 
were  negatively  related  to  tidal  height.  We 
combined  data  for  Purple  Gallinules  and 
Common  Moorhens  because  the  number  of 
detections  for  these  species  was  relatively  low 
across  our  survey  area.  Our  findings  suggest 
their  detection  may  not  be  influenced  by  tidal 
height,  but  our  analytical  power  may  have 
been  limited  by  the  number  of  detections 
(MacKenzie  and  Royle  2005).  Thus,  further 
research  evaluating  the  effects  of  tidal  height 
on  the  detection  of  gallinaceous  species  is 
warranted  and  would  be  most  profitable  if 
conducted  in  locations  with  greater  abundance 
of  these  species. 

Tidal  height  can  affect  the  behavior  of  a 
species,  which  may  influence  audio  and  visual 
detections.  Foraging  Clapper  Rails  may  move 
to  edge  habitat  during  periods  of  low  tide 
while  during  periods  of  high  tide  they  use 
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Tidal  height  relative  to  mean  sea  level  (m) 

FIG.  1 .  Models  of  marsh  bird  detection  relative  to 
tidal  height  at  time  of  survey  along  the  northern  Gulf 
of  Mexico:  (A)  Clapper  Rail,  (B)  Seaside  Sparrow,  and 
(C)  Marsh  Wren.  Positive  and  negative  linear  relation¬ 
ships  indicate  directional  influence  of  tidal  height  on 
detection,  as  estimated  through  occupancy  models. 
Filled  circles  are  used  to  indicate  covariates  measured 
at  sites  where  each  species  was  detected  while  open 
circles  indicate  measurements  measured  at  sites  where 
each  species  was  not  detected. 

marsh  edge  and  marsh  interior  relatively 
equally  (Eddleman  and  Conway  1998;  SAR, 
unpubl.  data).  We  expected  detections  to  de¬ 
crease  with  increasing  tide  as  birds  would  be 
less  accessible  for  visual  detection.  However, 
we  found  a  positive  relationship  between  de¬ 
tection  and  tidal  height,  suggesting  that  vocal 
communication  must  increase  with  increasing 
tidal  height.  Eddleman  and  Conway  (1998) 


noted  that  vocal  interchange  between  Clapper 
Rails  may  increase  when  pairs  are  separated, 
newly  rejoined,  or  as  an  expression  of  terri¬ 
torial  defense.  High  tides  may  be  fragmenting 
or  otherwise  disrupting  the  habitat  at  our 
study  sites,  which  would  increase  separation 
among  pairs  and  increase  detections.  This  re¬ 
sult  is  in  contrast  to  Zembal  and  Massey 
(1987),  who  found  the  probability  of  Clapper 
Rail  vocalization  in  a  California  tidal  marsh 
was  reduced  during  periods  of  high  tide  due 
to  reduced  vegetative  cover  and  more  exposed 
birds.  Differences  in  Clapper  Rail  responses 
noted  in  Zembal  and  Massey’s  (1987)  west 
coast  study  and  our  study  along  the  northern 
Gulf  of  Mexico  may  be  related  to  physical 
contrasts  in  marsh  structure  and  the  presence 
of  emergent  vegetative  cover  during  high 
tides. 

Behavioral  response  to  habitat  availability 
may  govern  detection  probability  (Handel  and 
Gill  1992,  Colwell  and  Cooper  1993,  Burton 
et  al.  2004).  Increased  tidal  height  for  passer¬ 
ines  such  as  the  Seaside  Sparrow  and  Marsh 
Wren  decreases  the  availability  of  vertical 
vegetative  habitat  and  makes  these  species 
more  visible.  This  relationship  was  supported 
by  increased  visual  detection  of  Seaside  Spar¬ 
rows  during  periods  of  high  tide  (SAR,  un¬ 
publ.  data).  However,  greater  visibility  may 
make  these  species  more  vulnerable  to  pred¬ 
ators,  which  may  influence  their  singing  be¬ 
havior.  Consequently,  decreased  detection  of 
Marsh  Wrens  with  increasing  tidal  height  may 
stem  from  reduced  vocalization  or  activity. 

Several  studies  have  shown  that  marsh¬ 
nesting  passerines,  such  as  Seaside  Sparrow 
and  Saltmarsh  Sharp-tailed  Sparrows  (Am- 
modramus  caudacutus ),  increase  vocal  activ¬ 
ity  and  breeding  behavior  in  the  week  follow¬ 
ing  a  spring  tide  (Marshall  and  Reinert  1990, 
Shriver  et  al.  2007).  This  increased  activity  is 
attributed  to  pairs  attempting  to  re-nest  after 
initial  nest  loss  from  flooding,  and  may  offer 
an  explanation  for  this  species’  synchroniza¬ 
tion  of  nesting  to  the  lunar  cycle  (Post  1974, 
Shriver  et  al.  2007).  Seaside  Sparrows  have 
also  been  observed  to  increase  their  activity 
during  the  nesting  period  (Post  1974).  We  ex¬ 
pected  to  find  that  temporal  proximity  to  a 
spring  tide  would  have  a  marked  influence  on 
the  detection  of  Seaside  Sparrows  with  detec¬ 
tion  decreasing  with  increasing  time  after  a 
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spring  tide.  However,  we  failed  to  find  this 
relationship.  One  possible  explanation  may  re¬ 
late  to  geographic  habitat  differences.  Post 
(1974)  and  Shriver  et  al.  (2007)  studied  Sea¬ 
side  Sparrow  populations  in  the  northeastern 
United  States  in  areas  known  to  receive  strong 
contrasts  in  tidal  range.  Our  study  population, 
along  the  northern  Gulf  of  Mexico,  experienc¬ 
es  a  less  predictable  and  smaller  tidal  range 
that  may  not  strongly  influence  nest  success 
of  Seaside  Sparrows. 

Detection  probability  is  an  important  con¬ 
sideration  when  designing  a  study  (Mac- 
Kenzie  et  al.  2002).  We  found  that  tidal  height 
can  significantly  influence  detection  of  Clap¬ 
per  Rails,  Seaside  Sparrows,  and  Marsh  Wrens 
in  marshes  along  the  northern  Gulf  of  Mexico. 
Incorporation  of  tidal  height  as  a  covariate  in 
models  that  use  survey  data  will  help  increase 
the  accuracy  of  these  models.  We  agree  with 
Conway  and  Droege  (2006)  and  advocate  col¬ 
lection  of  tidal  amplitude  data  corresponding 
with  survey  periods.  However,  the  influence 
of  tidal  regime  on  marsh  bird  detection  can 
vary  depending  on  the  geographic  context  of 
the  study.  Therefore,  sampling  protocols  may 
need  to  be  specifically  tailored  to  account  for 
regional  differences  in  marsh  bird  response  to 
tidal  fluctuations. 
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American  Robin  Seet  Calls:  Aerial  Alarm  or  a  Contact  Call? 

E.  Natasha  Vanderhoff12-3  and  Perri  K.  Eason1 2 3 


ABSTRACT. — The  literature  regarding  the  seet  call 
of  the  American  Robin  ( Turdus  migratorius)  is  unclear 
as  anecdotal  accounts  indicate  it  is  an  aerial  alarm.  A 
more  recent,  comprehensive  account  indicates  it  is 
most  likely  a  contact  call.  We  examined  the  meaning 
of  seet  calls  through  observations  and  a  playback  ex¬ 
periment,  both  of  which  support  the  aerial  alarm  func¬ 
tion  of  the  call.  Robins  only  gave  seet  calls  to  aerial 
predators  and  many  engaged  in  skygazing,  a  behavior 
previously  unreported  for  robins.  Robins  engaged  in 
three  anti-predator  behaviors,  skygazing,  alert,  and 
scanning  for  significantly  more  time  after  hearing  an 
alarm  compared  to  hearing  a  control.  American  Rob¬ 
ins,  like  many  other  birds,  probably  evolved  this  call 
to  avoid  detection  by  aerial  predators  and  to  warn  con- 
specifics.  Received  14  July  2008.  Accepted  14  Decem¬ 
ber  2008. 


Birds  use  a  variety  of  calls  to  communicate 
and  can  readily  comprehend  and  discriminate 
between  calls  in  their  repertoire.  However,  it 
often  takes  years  for  scientists  to  fully  under¬ 
stand  the  context  and  meaning  of  many  calls. 
The  study  of  avian  communication  has 
evolved  from  largely  observational  accounts 
to  hypothesis-driven  experimentation,  often 
with  aid  of  technology,  which  has  allowed  sci¬ 
entists  to  discern  the  meaning  of  many  birds’ 
calls  (Baptista  and  Gaunt  1994).  Alarm  calls 
may  be  particularly  important  communica¬ 
tions,  as  they  may  allow  birds  to  warn  con- 
specifics  and  escape  predation,  and  potentially 
have  an  immediate  effect  on  fitness  (Klump 
and  Shalter  1984).  Many  birds  have  alarm 
calls  and,  in  some  species,  different  kinds  of 
alarms  are  given  for  different  types  of  threats 
(Marler  2004).  Some  species  give  distinctive 
alarms  for  ground  and  aerial  predators,  a  re¬ 
finement  that  allows  conspecifics  to  gain 
much  more  information  from  the  alarm  and 
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respond  appropriately  for  a  specific  kind  of 
threat  (Evans  et  al.  1993,  Evans  2002).  For 
example,  Steller’s  Jay  ( Cyanocitta  stelleri) 
give  a  wah  call  when  mobbing  ground  pred¬ 
ators  and  a  high-pitched  call  when  hawks  are 
seen  (Hope  1980),  both  of  which  elicit  a  dif¬ 
ferent  response.  We  investigated  whether  the 
American  Robin  ( Turdus  migratorius)  has  a 
distinctive  aerial  alarm  call  given  for  aerial 
predators  and  examined  conspecifics’  re¬ 
sponse  to  that  call. 

Previous  research  on  robin  alarm  calls  fo¬ 
cused  on  those  given  in  response  to  terrestrial 
predators,  and  these  calls  have  been  clearly 
characterized  (Shedd  1982,  Gottfried  et  al. 
1985).  Robins  give  two  types  of  terrestrial 
alarm  calls,  yeeps  and  chucks,.  However,  rob¬ 
ins  also  have  numerous  aerial  predators  with 
accipiters  (Cooper’s  Hawk  [Accipiter  cooper - 
ii\  and  Sharp-shinned  Hawk  [A.  striatus ])  be¬ 
ing  particularly  important  predators  (Roth  and 
Lima  2003,  Roth  et  al.  2006)  and,  according¬ 
ly,  an  aerial  alarm  might  provide  a  strong  se¬ 
lective  advantage.  Currently  there  are  conflict- 
ing^eports  in  the  literature  concerning  wheth¬ 
er  or  not  robins  have  an  aerial  alarm.  Two 
anecdotal  reports  from  the  1950’s  suggested 
that  robins  give  a- seet  call  in  the  presence  of 
aerial  predators  and  that  robins  become  “rig¬ 
id”  when  they  hear  that  call  (Jackson  1952, 
Hailman  1959).  The  seet  call  is  higher  pitched 
and  longer  in  duration  than  other  alarm  calls 
in  the  robin’s  repertoire  (Fig.  1)  and  it  sounds 
similar  to  the  call  of  Cedar  Waxwings  (Bom- 
bycilla  cedrorum)\  robins  often  have  bouts  of 
seet  calls,  during  which  they  repeatedly  give 
this  vocalization.  Two  later  studies  assumed 
the  robin  seet  call  was  an  aerial  alarm  and 
used  it  in  investigations  of  hawks’  perception 
of  alarm  calls  (Brown  1982,  Jones  and  Hill 
2001).  A  recent  review  of  robin  behavior  and 
ecology  by  Sallabanks  and  James  (1999)  sug¬ 
gested  this  call  might  be  used  as  a  contact  call 
between  males  and  females,  and  between  par- 
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FIG.  1.  Spectrogram  of  American  Robin  alarm  calls. 


ents  and  young;  however,  they  did  not  men¬ 
tion  its  possible  use  as  an  aerial  alarm. 

Our  goal  was  to  clarify  the  meaning  of  the 
American  Robin  seet  call  and  conspecifics’  re¬ 
sponses  to  the  call.  We  first  examined  the  con¬ 
text  of  the  call,  recording  whether  we  could 
see  a  terrestrial  or  aerial  predator  when  a  robin 
gave  seet  calls,  and  then  recorded  the  calls  for 
description  and  analysis.  We  also  noted  the 
behavior  of  conspecifics  in  response  to  the 
calls.  Finally,  we  compared  the  responses  of 
robins  to  recorded  calls  and  a  control  of 
white-noise  in  a  playback  experiment. 

METHODS 

We  conducted  our  study  from  25  May  to  25 
November  2006  at  two  public  parks  in  Lou¬ 
isville,  Kentucky:  Joe  Creason  Park  (27.5  ha; 
38°  12'  N,  85°  42'  W)  and  George  Rogers 
Clark  Park  (18.6  ha;  38°  12' N,  85°  42' W). 
Both  parks  contain  forested  patches  and  open 
grassy  areas  with  scattered  trees.  We  recorded 
six  bouts  of  seet  calls  during  spring  2006  us¬ 
ing  a  Sennheiser  ME  62  directional  micro¬ 
phone  connected  to  a  Sony  TCM-5000  EV  re¬ 
corder.  Recordings  were  made  within  3  m  of 
the  vocalizing  robin  and,  in  all  instances,  a 
raptor  ( Accipiter  spp.)  was  seen  in  the  area 
immediately  prior  to  or  during  recording.  We 
analyzed  these  calls  using  Raven  bioacoustic 
software  (Cornell  Laboratory  of  Ornithology 
2003)  and  recorded  the  following:  length  of 
the  calling  bout,  number  of  calls  within  a 
bout,  inter-call  interval,  and  call  rate  (number 


of  calls/min).  We  also  calculated  the  average 
duration,  and  minimum  and  maximum  fre¬ 
quencies  of  a  single  seet  call. 

We  collected  data  on  the  occurrences  of 
seet  calls  on  31  days  between  26  May  and  21 
September  2006  to  test  if  seet  calls  were  given 
solely  in  the  presence  of  aerial  predators.  We 
noted  when  we  heard  a  seet  call  and  recorded 
whether  we  observed  a  raptor  or  terrestrial 
predator  when  the  alarm  was  given.  We  com¬ 
pared  the  proportion  of  calls  given  in  the  pres¬ 
ence  of  aerial  predators  versus  terrestrial  pred¬ 
ators  with  Chi-square.  We  also  noted  during 
this  observational  study  when  robins  dis¬ 
played  one  anti-predator  behavior  not  previ¬ 
ously  reported  in  this  species,  skygazing.  Sky¬ 
gazing  behavior  was  defined  by  the  following 
postural  change:  robin  froze,  squatted  low  to 
the  ground  with  its  neck  bent  towards  its  back 
and  beak  pointing  skyward.  Individuals  hear¬ 
ing  seet  calls  as  well  as  individuals  giving  seet 
calls  displayed  this  behavior. 

We  conducted  a  short  playback  experiment 
in  which  we  played  recorded  seet  calls  to  10 
adult  robins  and  a  control  (white  noise)  to  an 
additional  10  adult  robins  while  they  were  for¬ 
aging  on  the  ground.  We  performed  these 
playbacks  only  when  no  terrestrial  or  aerial 
predators  were  visible  in  the  area  and  when 
no  robins  had  been  giving  any  alarm  calls  for 
at  least  30  min.  The  seet  call  playback  con¬ 
sisted  of  three  seet  calls  played  over  15  sec, 
which  represented  a  short  bout  and  a  conser¬ 
vative  test  of  robins’  responsiveness  to  this 
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FIG.  2.  Spectrogram  of  American  Robin  seet  call  bout. 
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call.  We  also  recorded  white-noise,  broad 
band  noise  at  a  constant  frequency,  for  15  sec 
as  a  control.  We  observed  robins  for  2  min 
after  playing  either  white  noise  or  the  seet 
calls.  We  noted  whether  or  not  the  focal  bird 
stopped  foraging  during  these  observations 
and  whether  the  bird  performed  any  of  three 
anti-predator  behaviors.  These  behaviors  in¬ 
cluded  standing  alert,  scanning,  and  skygaz¬ 
ing.  Robins  standing  alert  froze  in  an  erect 
position;  scanning  birds  also  stood  in  place 
but  turned  their  heads  rapidly  from  left  to 
right,  appearing  to  scan  the  area.  We  per¬ 
formed  a  Chi-square  test  to  compare  the  pro¬ 
portion  of  robins  that  stopped  foraging  after 
hearing  a  seet  call  versus  after  hearing  white- 
noise.  We  used  MANOVA  to  compare  the 
robins’  behaviors  after  playbacks  between  the 
two  treatments.  SAS  (SAS  Institute  Inc.  2003) 
was  used  for  all  statistical  tests  and  data  are 
reported  as  means  ±  SE. 

RESULTS 

The  call  bouts  of  American  Robins  giving 
seets  lasted  on  average  186  ±  49.9  sec  (range 
23-315),  and  the  average  number  of  calls  giv¬ 
en  within  a  bout  was  38.8  ±  12.3.  The  interval 
between  calls  was  5.5  ±  1.1  sec  (range  1-33) 
and,  on  average,  robins  gave  11.4  ±  2.9  seet 
calls/min.  Individual  seet  calls  lasted  <1  sec 
(0.424  ±  0.010,  n  =  130)  and  had  a  minimum 
frequency  of  7306.6  ±  38.5  Hz  and  a  maxi¬ 
mum  frequency  of  9012.3  ±  67.6  Hz  ( n  = 
130;  Fig.  2). 


We  heard  robin  seet  calls  on  29  of  31  ob¬ 
servation  days.  We  observed  solitary  robins 
and  those  in  flocks  emitting  seet  calls.  How¬ 
ever,  on  most  occasions  we  observed  calling 
birds  after  the  initial  vocalizations  and  were 
unable  to  tell  if  the  bird  was  alone  at  the  time 
the  alarm  was  initially  given.  We  saw  an  aerial 
predator  (accipiter  hawk)  on  16  of  the  29  oc¬ 
casions.  There  were  many  terrestrial  predators 
at  the  parks  where  we  conducted  our  study, 
but  we  did  not  hear  robins  give  the  seet  call 
in  response  to  any  terrestrial  predator  (x2  = 
22.0952,  P  <  0.  0001).  We  also  saw  robins 
skygazing  in  the  vicinity  of  a  robin  delivering 
a  seet  call  on  16  of  the  29  days.  This  behavior 
was  not  observed  in  response  to  terrestrial 
predators  or  the  terrestrial  alarm  calls,  yeeps 
and  chucks. 

The  behavior  of  robins  hearing  white-noise 
in  the  playback  experiments  differed  strongly 
from  that  of  robins  hearing  seet  calls.  No  rob¬ 
ins  stopped  foraging  aftera  playback  of  white- 
noise;  in  contrast,  all  robins  stopped  foraging 
when  they  heard  the  seet  call  (x2  =  20.0,  P  < 
0.0001).  Most  robins  stopped  foraging  almost 
immediately  upon  hearing  the  call;  the  aver¬ 
age  time  between  hearing  the  call  and  stop¬ 
ping  foraging  was  2.6  ±  0.8  sec,  and  values 
for  this  lag  time  ranged  from  1  to  8  sec.  Rob¬ 
ins  often  engaged  in  one  of  the  three  anti¬ 
predator  behaviors  we  recorded;  90%  scanned 
the  sky,  80%  stood  alert,  and  50%  engaged  in 
skygazing.  Robins  hearing  playbacks  of  seet 
calls  engaged  in  these  behaviors  for  signifi- 
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FIG.  3.  American  Robins  spend  significantly  more  time  scanning  (ANOVA,  F,  18  =  6.14,  P  =  0.0234),  alert 
(ANOVA,  Fus  =  7.12,  P  =  0.0156),  and  skygazing  (ANOVA,  F,  ,g  =  5.51,  P  =  0.0306)  after  hearing  a  playback 
of  a  seet  call  as  compared  to  white-  noise. 


cantly  more  time  than  did  individuals  hearing 
white-noise  (Wilk’s  Lamba  F3 16  =  8.14,  P  = 
0.0016;  Fig.  3). 

DISCUSSION 

Our  investigation  supports  the  early  obser¬ 
vational  accounts  reporting  the  American 
Robin  seet  call  is  an  aerial  alarm.  Seet  calls 
were  only  given  in  response  to  aerial  preda¬ 
tors,  and  robins  altered  their  behavior  upon 
hearing  playbacks  of  the  call.  They  also  en¬ 
gaged  in  a  novel  anti-predator  behavior,  sky¬ 
gazing,  which  presumably  allows  the  robin  to 
scan  the  sky  for  danger.  A  more  appropriate 
test  of  the  function  of  skygazing  would  be  to 
compare  behaviors  after  hearing  all  three  call 
types,  seets,  yeeps,  and  chucks.  We  did  not  test 
this  function  of  skygazing,  but  preliminary  re¬ 
sults  from  playbacks  of  chuck  calls  (not  re¬ 
ported  here)  and  observational  data  support 
our  findings  that  skygazing  occurs  only  in  re¬ 
sponse  to  seet  calls.  Future  work  should  be 
conducted  to  understand  the  exact  conditions 
that  elicit  this  behavioral  response,  i.e.,  wheth¬ 
er  robins  skygaze  more  or  less  often  when  the 
risk  of  predation  is  higher. 

The  bouts  we  recorded  lasted  ~3  min  on 
average,  but  we  often  heard  robins  giving  seet 
calls  for  longer  durations.  Several  robins  in 
different  areas  of  the  park  could  be  heard  giv¬ 
ing  seet  calls  for  extended  periods  of  time, 
>30  min  on  one  occasion.  It  was  difficult  to 
discern  if  robins  in  one  area  called  after  hear¬ 
ing  a  robin  calling  in  another  area  of  the  park; 


however,  no  robin  gave  a  seet  call  after  hear¬ 
ing  the  seet  playback.  It  is  easy  to  see  how 
these  calls  might  have  been  classified  as  con¬ 
tact  calls,  especially  considering  that  an  aerial 
predator  is  often  not  visible  when  robins  are 
calling.  An  accipiter  was  only  visible  to  Us  in 
our  observations  on  about  half  of  the  days  we 
heard  robins  engaging  in  seet  call  bouts,  most 
likely  because  we  failed  to  see  the  raptor  as  it 
flew  between  patches  of  trees. 

Numerous  birds  have  developed  high- 
pitched  alarm  calls  in  response  to  aerial  pred¬ 
ators  including  Wood  Thrush  ( Hylocichla 
mustelina )  (Saunders  1961),  Tufted  Titmouse 
(Baelophus  bicolor)  (Morse  1970),  Bank 
Swallow  {Riparia  riparia)  (Windsor  and  Em- 
lem  1974),  Black-capped  Chickadee  ( Poecile 
atricapillus)  (Ficken  and  Witkin  1977),  and 
Rufous-backed  Robin  ( Turdus  rufopalliatus ) 
(Grabowski  1979).  High-pitched  calls,  like 
robin  seet  calls,  are  difficult  for  predators  to 
localize  (Marler  1955,  2004;  Brown  1982; 
Jones  and  Hill  2001).  It  is  likely  these  calls 
evolved  as  warnings  for  birds  other  than  the 
predator,  unlike  the  robin’s  other  mobbing 
calls  (Shedd  1982,  Gottfried  et  al.  1985).  Two 
generally  recognized  explanations  for  evolu¬ 
tion  of  warning  calls  are  reciprocal  altruism 
and  kin  selection  (Klump  and  Shalter  1984). 
The  cost  of  giving  a  call  must  be  low  relative 
to  the  benefit  gained  by  receivers  for  recip¬ 
rocal  altruism  to  evolve,  and  signalers  must 
have  a  high  probability  of  encountering  one 
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another  repeatedly  (Trivers  1971,  Axelrod  and 
Hamilton  1981).  Seet  calls  likely  have  a  rel¬ 
atively  low  cost  for  the  signaler  given  they 
can  not  be  easily  distinguished  by  predators. 
Seet  calls  may  therefore  fit  the  criteria  for  evo¬ 
lution  through  reciprocal  altruism.  Seet  calls 
may  have  also  evolved  through  kin  selection. 

Our  study  was  conducted  after  the  breeding 
season,  during  a  time  when  juveniles  were  in¬ 
dependent  from  their  parents.  The  relatedness 
of  individuals  in  a  foraging  flock  is  unknown 
for  robins  (Sallabanks  and  James  1999);  how¬ 
ever,  it  is  likely  that  some  flock  mates  may  be 
related,  leading  to  benefits  for  kin  when  an 
individual  gives  alarm  calls.  Another  possi¬ 
bility  to  explain  evolution  of  seet  calls  in  rob¬ 
ins  is  that  the  confusing  nature  of  the  calls  acts 
to  increase  an  individual’s  direct  fitness,  i.e., 
emitting  seet  calls  directly  deters  predators  by 
minimizing  their  ability  to  locate  and  capture 
the  individual  emitting  the  call. 

Our  data  do  not  allow  us  to  discriminate 
among  these  mechanisms,  but  they  are  test¬ 
able.  If  alarms  are  given  when  robins  are  for¬ 
aging  alone,  it  would  suggest  the  calls  have 
direct  fitness  benefits.  If  calls  are  only  emitted 
in  flocks,  it  is  likely  they  evolved,  at  least  in 
part,  to  warn  kin  or  other  conspecifics.  It 
would  be  necessary  to  track  whether  robins 
emit  these  calls  more  often  in  the  presence  of 
dependent  young  than  in  their  absence  to  dis¬ 
criminate  between  these  two  possibilities. 
Testing  these  predictions  will  lead  to  a  better 
understanding  of  how  these  important  signals 
evolved  in  the  American  Robin. 
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Habitat  Selection  of  Least  Flycatchers  Includes  Deciduous  Regeneration 

in  Pine  Plantations 

Andrea  M.  Geboers1’2  and  Erica  Nol1 


ABSTRACT. — Least  Flycatchers  ( Empidonax  min¬ 
imus)  are  socially  monogamous  birds  that  exhibit  clus¬ 
tered  nesting  behavior.  We  examined  the  potential  in¬ 
fluence  of  forest  structure  in  habitat  selection,  and  for¬ 
mation  of  Least  Flycatcher  clusters  within  a  habitat 
type  not  previously  studied  in  this  species:  red  pine 
( Pinus  resinosa)  plantations.  We  documented  10%  less 
understory  vegetation,  13%  greater  canopy  cover,  and 
30%  more  deciduous  trees  in  occupied  than  in  adja¬ 
cent,  unoccupied,  yet  available  habitat  in  12  clusters 
in  pine  plantations.  Well  developed  canopy  cover  and 
deciduous  foliage  appear  to  provide  visual  cues  for 
Least  Flycatchers  when  selecting  habitat  for  breeding. 
Received  3  July  2008.  Accepted  10  December  2008. 


Studies  of  clustered  nest  patterns  in  birds 
have  focused  on  both  ecological  and  social 
factors  that  might  promote  this  apparent  so¬ 
ciality  (Ward  and  Schlossberg  2004,  Tarof  et 
al.  2005,  Ahlering  et  al.  2006).  Conspecific 
attraction  is  a  social  behavior  that  may  influ¬ 
ence  settlement  patterns  whereby  individuals 
are  attracted  to  the  presence  of  other  individ¬ 
uals  of  the  same  species  and  subsequently  es¬ 
tablish  adjacent  territories  (Stamps  1988). 
Conspecific  attraction  may  be  a  cue  -to  (per¬ 
ceived)  habitat  quality  (VanHorne  1983); 
however,  preference  for  a  particular  habitat 
may  also  be  cued  by  vegetation  structure  (Hil- 
den  1965,  Sherry  and  Holmes  1985). 

Clustered  nesting  in  all-purpose  territories 
has  been  observed  in  at  least  five  species  of 
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North  American  songbirds:  Yellow  Warbler 
( Dendroica  petechia ;  Clark  and  Robertson 
1979),  Henslow’s  Sparrow  ( Ammodramus 
henslowii;  Cully  and  Michaels  2000),  Logger- 
head  Shrike  ( Lanius  ludovicianus ;  Etterson 
2003),  Baird’s  Sparrow  ( Ammodramus  bair- 
dii\  Ahlering  et  al.  2006),  and  Cerulean  War¬ 
bler  ( Dendroica  cerulea\  Roth  and  Islam 
2007).  Clustered  breeding  may  occur  in  some 
species  for  competitive  exclusion,  predator 
defense,  use  of  patchy  resources,  or  from  so¬ 
cial  factors  including  increased  potential  for 
extra-pair  copulations  (reviewed  in  Tarof  and 
Ratcliffe  2004).  These  hypotheses  have  been 
examined  with  mixed  results  to  explain  clus¬ 
tered  nesting  behavior  of  Least  Flycatchers 
C Empidonax  minimus )  (Sherry  and  Holmes 
1985,  Perry  and  Andersen  2003,  Tarof  and 
Ratcliffe  2004,  Tarof  et  al.  2005). 

Least  Flycatcher  clusters  occur  within  a  patch 
of,  apparently  homogeneous  forest  habitat  while 
other  areas  within  the  same  patch  are  left  un¬ 
occupied  (Breckenridge  1956,  Perry  and  An¬ 
dersen  2003).  All  previously  reported  studies  in¬ 
volving  clustering  behavior  of  Least  Flycatchers 
have  been  conducted  in  predominately  decidu¬ 
ous  forests.  Our  objective  in  this  study  was  to 
identify  breeding  habitat  characteristics  of  Least 
Flycatchers  in  red  pine  ( Pinus  resinosa )  plan¬ 
tations.  Studying  different  habitat  types  used  by 
Least  Flycatchers  may  further  our  understanding 
of  habitat  selection  and  links  to  clustering  be¬ 
havior  in  this  species. 

METHODS 

Study  Area. — We  studied  Least  Flycatchers 
at  Ganaraska  Forest  (44°  5'  N,  78°  30'  W)  30 
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km  south  of  Peterborough,  Ontario,  Canada 
(hereafter,  the  Forest)  from  late  May  to  mid- 
July  2007.  The  Forest  is  a  4,280-ha  tract  com¬ 
prised  of  —50%  pine  plantation  and  50% 
mixed  hardwoods  in  contiguous  patches.  Pine 
plantations  are  predominately  red  pine.  The 
mixed  hardwood  forests  are  predominately 
sugar  maple  ( Acer  saccharum ),  American 
beech  ( Fagus  grandifolia),  red  oak  ( Quercus 
rubra),  and  white  birch  (Betula  papyrifera). 
The  red  pine  plantation  stands  are  25  to  70 
years  of  age  and  have  been  managed  using 
row  thinning  and  subsequent  selective  thin¬ 
ning  every  10-15  years  (S.  McMullen,  Gan- 
araska  Region  Conservation  Authority,  pers. 
comm.),  which  promotes  the  growth  of  decid¬ 
uous  trees.  The  predominant  sapling  species 
are  red  oak  and  black  cherry  ( Prunus  seroti- 
na),  and  ground  cover  is  largely  poison  ivy 
(Toxicodendron  radicans).  The  terrain  is  gen¬ 
erally  undulating  to  hilly  and  is  underlain  by 
glacial-lluvial  deposits,  primarily  of  sand  or 
sandy-loam  texture  (Tedford  1978). 

Mapping  Clusters. — Observations  were 
made  in  areas  within  the  Forest  where  Least 
Flycatchers  were  nesting.  We  chose  12  red 
pine  plantations  in  which  to  map  clusters 
based  on  presence  of  two  or  more  calling 
males  within  —75  m  of  conspecifics.  Conser¬ 
vative  estimates  indicate  12  clusters  were  oc¬ 
cupied  by  2-7  territorial  males  with  a  mean 
density  of  3.6  males/ha.  Delineation  of  cluster 
boundaries  was  conducted  between  25  and  30 
June  from  0600  to  1100  hrs  EDT.  We  walked 
the  perimeter  of  the  cluster  from  an  arbitrary 
starting  point  within  each  chosen  area  of 
known  Least  Flycatcher  location.  We  stopped 
every  50  m  to  perform  a  2-min  point  count 
survey  to  listen  for  calling  males  and  to  record 
the  location  using  a  Global  Positioning  Sys¬ 
tem  (GPS)  (Garmin  GPS  12,  Garmin  Inter¬ 
national  Inc.,  Olathe,  KS,  USA.).  The  Least 
Flycatcher  has  a  distinctive  song,  chebec, 
which  males  sing  frequently  during  the  breed¬ 
ing  period,  up  to  60  times/min  (MacQueen 
1950)  making  them  easy  to  distinguish  and 
locate.  GPS  locations  were  plotted  and  con¬ 
nected  to  form  polygons. 

Habitat  Characteristic  Measurements. — We 
compared  forest  vegetation  characteristics  in 
occupied  areas  (inside  clusters,  n  =  12)  with 
adjacent  unoccupied,  but  available  areas  with¬ 
in  the  same  plantation  forest  patch  (outside 


clusters,  n  =  12).  A  5  X  10  m  rectangular  plot 
was  established  centrally  within  occupied  ar¬ 
eas.  All  vegetation  plots  in  unoccupied  areas 
were  >50  m  from  the  delineated  cluster 
boundary  to  preclude  any  possibility  of  cluster 
boundary  discrepancy.  Vegetation  plots  be¬ 
tween  50  and  100  m  from  cluster  boundaries 
should  represent  unused,  but  available  habitat 
(Jones  2001)  because  all  feeding  and  nesting 
occur  within  their  respective  territories  (i.e., 
all-purpose  territories). 

Vegetation  characteristics  sampled  in  occu¬ 
pied  and  unoccupied  areas  included  percent  liv¬ 
ing  ground  cover,  bare  soil,  stone,  leaf  litter,  and 
coarse  woody  debris  (CWD).  Vertical  layers, 
based  on  height  and  diameter  at  breast  height 
(dbh)  (1.2  m)  categories,  were  estimated  using 
percent  cover,  regeneration  (0.5-1. 3  m  tall  and 
<2.5  cm  dbh),  saplings  (>1.3  m  in  height  and 
<2.5  cm  dbh),  understory  (>2.5  m  tall  and 
S2.5  but  <8  cm  dbh),  and  sub-canopy  (10-20 
m  tall  and  >8  cm  dbh).  Canopy  cover  was  mea¬ 
sured  using  a  Model-C  densiometer  (Lemmon 
1956).  The  tallest  tree  in  each  plot  was  mea¬ 
sured  with  a  clinometer  (Koming  and  Thomsen 
1994),  and  basal  area  was  estimated  using  a  fac¬ 
tor-2  prism  sweep  (Arsenault  et  al.  2006).  All 
trees  (>8  cm  dbh)  and  saplings,  dead  or  alive, 
within  each  plot  were  identified  to  species. 

Statistical  Analysis. — Tests  for  normality 
and  homogeneity  of  variance  were  performed 
on  the  data.  Square-root  or  arcsine  were  used 
when  data  did  not  meet  these  assumptions.  All 
tests  were  performed  using  an  alpha  of  0.05. 

We  compared  habitat  characteristics  be¬ 
tween  occupied  and  unoccupied  areas  using 
Student’s  Mest  for  all  variables  except  number 
of  trees  where  the  unequal  variance  Mest  was 
used  because,  even  with  transformation,  this 
variable  was  not  normally  distributed.  Bon- 
ferroni  corrections  were  not  used  to  minimize 
the  probability  of  Type  II  error  (Moran  2003). 

Tree  (>8  cm  dbh)  species  counts  were  com¬ 
bined  into  two  groups:  coniferous  (including 
red  pine,  white  pine  [Pinas  strobus ]),  and  de¬ 
ciduous  (black  cherry,  red  oak,  white  oak 
[Quercus  alba],  white  birch,  American  beech, 
and  sugar  maple),  and  compared  between  oc¬ 
cupied  and  unoccupied  areas  using  a  two- 
tailed  Fisher’s  exact  test.  Means  and  ±  SE  are 
presented  as  untransformed  values.  All  statis¬ 
tical  analyses  were  performed  with  STATIS- 
TICA®  (Version  7.0;  StatSoft  Inc.  2004). 
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FIG.  1.  The  proportion  of  all  trees  (deciduous  and  coniferous)  inside  and  outside  Least  Flycatcher  clusters 
in  south-central  Ontario  red  pine  plantations,  2007.  Sample  size  =  12  vegetation  plots  both  inside  and  outside 
of  clusters. 


RESULTS 

Occupied  areas  (inside  clusters)  had  more, 
15/44  (34%),  deciduous  trees  (3:8  cm  dbh) 
than  unoccupied  areas  (outside  the  clusters) 
where  only  1/23  (4%)  were  deciduous  (Fish¬ 
er’s  exact  test,  P  =  0.007;  Fig.  1).  Canopy 
cover  and  number  of  trees  38  cm  dbh  were 
significantly  greater  inside  versus  outside  the 
clusters  (Table  1).  The  amount  of  understory 
vegetation  was  marginally  significant  with 
greater  mean  understory  cover  outside  than 
inside  clusters. 


DISCUSSION 

We  report  the  first  use  of  pine  plantations 
by  Least  Flycatchers  for  nesting.  Our  study 
suggests  that  regenerating  deciduous  trees,  as 
a  result  of  tree  thinning  operations,  attract 
Least  Flycatchers.  More  deciduous  and  total 
number  of  trees  inside  Least  Flycatcher  clus¬ 
ters  resulted  in  greater  canopy  cover  than  in 
red  pine  plantation  sites  adjacent  and  outside 
these  clusters.  The  greater  canopy  cover  sup¬ 
pressed  growth  of  understory  vegetation  in¬ 
side  the  clusters.  Other  studies  also  report 


TABLE  1.  Habitat  variables  inside  and  outside  Least  Flycatcher  clusters  in  red  pine  plantations  in  south- 
central  Ontario,  2007.  Statistical  significance  was  ascertained  using  a  f-test  for  all  variables.  All  sample  sizes 
include  12  clusters  and  12  areas  outside  clusters. 

Vegetation  variable 

Inside  clusters 

Mean  ±  SE 

Outside  clusters 

Mean  ±  SE 

P 

Live  ground  cover,  % 

36.3  ±  6.7 

44.8  ±  6.2 

0.358 

Leaf  litter,  % 

44.0  ±  6.9 

40.8  ±  6.2 

0.732 

Coarse  wood  debris,  % 

9.3  ±  1.5 

9.4  ±  2.7 

0.967 

Regeneration  cover,  % 

6.3  ±  1.5 

20.1  ±  7.4 

0.086 

Sapling  cover,  % 

8.2  ±  1.5 

8.5  ±  3.1 

0.912 

Understory  cover,  % 

8.2  ±  3.6 

18.8  ±  3.6 

0.052 

Sub-canopy  cover,  % 

32.9  ±  8.6 

37.9  ±  5.9 

0.637 

Canopy  cover,  % 

84.2  ±  2.8 

71.3  ±  5.3 

0.042 

Basal  area,  m2/ha 

21.3  ±  1.1 

20.3  ±  1.9 

0.853 

Tallest  tree,  m 

21.1  ±  1.0 

21.8  ±  1.0 

0.640 

Mean  number  of  trees/plot 

3.7  ±  0.7 

1.9  ±  0.2 

0.046 
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Least  Flycatcher  occupancy  was  associated 
with  a  well-developed  canopy  (DellaSala  and 
Rabe  1987,  Darveau  et  al.  1992,  Perry  and 
Andersen  2003)  and  a  relatively  open  under¬ 
story  (Breckenridge  1956,  Johnston  1971, 
Sherry  and  Holmes  1985).  Certain  structural 
and  compositional  features  of  a  forest,  such  as 
a  minimum  required  canopy  cover,  appear  to 
provide  visual  cues  in  Least  Flycatcher  habitat 
selection. 

Clustering  was  not  associated  with  differ¬ 
ences  in  forest  structure  in  other  studies  ex¬ 
amining  the  habitat  hypothesis  (Sherry  and 
Holmes  1985,  Tarof  and  Ratcliffe  2004).  This 
does  not  imply  that  habitat  selection  cues 
based  on  structure  of  vegetation  are  not  used 
by  Least  Flycatchers  when  choosing  where  to 
settle.  The  predominately  deciduous  forests  in 
these  studies  may  have  a  homogeneous,  well- 
developed  canopy  cover  which  flycatchers 
may  use  to  form  clusters  without  apparent 
preference  for  habitat  features  within  these 
forests.  Relatively  dense  canopy  cover  includ¬ 
ing  deciduous  foliage  may  be  important  for 
Least  Flycatcher  foraging.  Least  Flycatchers 
use  a  hovering  tactic  to  glean  prey  from  fo¬ 
liage  and  may  need  an  open  sub-canopy  to 
detect  prey  movements  in  the  denser  main 
canopy  (Robinson  and  Holmes  1982).  Rogers 
(1985)  reported  Least  Flycatchers  use  decid¬ 
uous  foliage  for  foraging  more  than  Pinus  spp. 
when  compared  to  the  proportion  of  tree  spe¬ 
cies  available. 

Habitat  selection  has  fitness  consequences 
and  high  quality  habitats  are  preferred  to  in¬ 
crease  fitness  (Johnson  2007).  Cues  used  as 
indicators  of  high  quality  habitat  may  include 
vegetation  (Hilden  1965),  presence  of  conspe- 
cifics  (Stamps  1988,  Ward  and  Schlossberg 
2004),  or  both.  Several  studies  have  found  that 
Least  Flycatchers  respond  to  song  of  conspe- 
cifics  during  settlement  (Mills  et  al.  2006, 
Fletcher  2007),  but  the  first  individual  to  ar¬ 
rive  and  begin  singing  in  an  appropriate  hab¬ 
itat  must  be  cued  by  something  other  than 
conspecific  attraction  (Roth  and  Islam  2007, 
but  see  Betts  et  al.  2008).  Least  Flycatchers 
may  be  stimulated  to  settle  in  habitats,  includ¬ 
ing  red  pine  plantations,  with  a  relatively 
closed  canopy  due  to  presence  of  deciduous 
trees.  This  may  be  a  basic,  yet  essential,  com¬ 
ponent  of  Least  Flycatcher  habitat  defining  the 
innate  cue  used  by  the  first  males  arriving  and 


establishing  territories.  However,  a  full  decid¬ 
uous  canopy  may  not  provide  an  explanation 
for  clustered  breeding. 

Several  alternate  hypotheses  for  aggregat¬ 
ing  behavior  in  Least  Flycatchers  have  been 
proposed.  Clustering  during  breeding  may 
have  (1)  a  predator  deterrence  effect  through 
mobbing  and  alarm' calls  (Perry  and  Andersen 
2003),  (2)  a  means  of  competitive  exclusion 
of  American  Redstarts  ( Setophaga  ruticilla) 
(Sherry  and  Holmes  1988),  or  (3)  may  be  in 
response  to  female  pursuit  of  extra-pair  cop¬ 
ulations  and  formation  of  hidden  leks  (Tarof 
et  al.  2005).  No  study  has  reported  conclusive 
and  consistent  results  to  explain  clustering, 
but  most  studies  have  found  some  evidence 
related  to  these  hypotheses.  Least  Flycatchers 
may  benefit  in  several  ways  from  clustering 
behavior;  each  benefit  may  be  acting  syner- 
gistically  to  promote  and/or  maintain  the  be¬ 
havior.  Our  study  suggests  a  necessary  pre¬ 
cursor  to  formation  of  Least  Flycatcher  clus¬ 
ters  is  a  deciduous  habitat  component. 
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Nocturnal  Predation  of  Females  on  Nests:  An  Important  Source  of 
Mortality  for  Golden-cheeked  Warblers? 

Jennifer  L.  Reidy,1-5  Mike  M.  Stake,2 3-4  and  Frank  R.  Thompson  IIP 


ABSTRACT. — We  monitored  124  female  Golden¬ 
cheeked  Warblers  {Dendroica  chrysoparia)  at  133 
nests  with  video  cameras  from  1997-2002  and  2005- 
2006  at  two  study  areas  in  central  Texas,  USA.  Six 
adult  females  were  depredated  by  snakes  in  781  cam¬ 
era-monitored  intervals  when  females  were  on  the  nest 
at  night  and  exposed  to  possible  nocturnal  predation. 
Daily  nest  survival  was  0.971  (95%  Cl:  0.959-0.980) 
and  daily  adult  female  predation  while  nesting  was 
0.008  (95%  Cl:  0.003-0.017).  We  estimated  that 
14.6%  of  breeding  females  were  depredated  on  the 
nest  during  the  breeding  season  based  on  the  observed 
survival  rates  and  assuming  females  whose  first  nest 
was  unsuccessful  and  which  survived  attempted  a  sec¬ 
ond  nesting  attempt.  Females  were  captured  75%  of 
the  times  they  were  on  the  nest  at  the  time  of  a  noc¬ 
turnal  nest  predation  by  a  snake.  Predation  of  nesting 
females  is  potentially  an  important  source  of  mortality 
for  Golden-cheeked  Warblers,  and  warrants  further  in¬ 
vestigation.  Received  7  June  2008.  Accepted  30  August 
2008. 


Survival  of  migrant  songbirds  is  generally 
thought  to  be  high  during  the  breeding  season 
(Sillett  and  Holmes  2002);  however,  there  is 
little  direct  evidence  of  the  frequency  or 
sources  of  adult  mortality  during  this  period. 
Documenting  any  predation  event  on  the  nest 
is  difficult  (Pettingill  1976)  and  adult  mortal¬ 
ity  is  usually  inferred  from  remains  left  at  the 
nest  (Sherry  and  Holmes  1997,  Flaspohler  et 
al.  2001).  Often  evidence  suggests  that  adults 
were  killed  in  defense  of  the  nest  or  circum¬ 
stantially,  and  were  not  the  intended  victim 
(Fendley  1980,  Quinn  1985,  King  1999).  In¬ 
terpretation  of  evidence  at  the  nest,  however. 
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can  be  an  unreliable  method  to  identify  nest 
fate,  cause  of  nest  failure,  or  identity  of  a 
predator  (Thompson  et  al.  1999). 

Video  surveillance  has  recently  been  shown 
to  be  an  effective  and  reliable  method  to  iden¬ 
tify  and  evaluate  the  importance  of  nest  pred¬ 
ators  (Thompson  2007).  The  main  groups  of 
nest  predators  identified  from  these  studies 
were  sciurids,  corvids,  raptors,  and  snakes. 
Adult  mortality  was  only  observed  in  two 
studies  using  video  surveillance  to  monitor 
songbirds — a  thirteen-lined  ground  squirrel 
( Spermophilus  tridecemlineatus )  depredated 
one  Chestnut-collared  Longspur  ( Calcarius 
ornatus)  female  (Pietz  and  Granfors  2000) 
and  rat  snakes  ( Elaphe  spp.)  depredated  three 
Golden-cheeked  Warbler  ( Dendroica  chryso¬ 
paria)  females  (Stake  et  al.  2004).  The  poten¬ 
tial  for  snake  predation  of  incubating  females 
has  long  been  speculated  (Laskey  1946,  Ma¬ 
han  1956),  but  this  phenomenon  has  rarely 
been  documented  (Plummer  1977,  Blem  1979, 
Carter  1992).  We  believe  snakes  pose  the 
greatest  risk  of  depredating  adult  songbirds  at 
the  nest  because  they  are  the  only  group 
known  to  be  significant  nocturnal  predators, 
at  least  in  some  habiiats  (Hensley  and  Smith 
1986,  Stake  and  Cimprich  2003,  Stake  et  al. 
2004,  Reidy  et-  al.  2008),  large  enough  to  kill 
and  consume  adult  songbirds. 

We  monitored  Golden-cheeked  Warbler 
nests  with  video  cameras  and  report  on  causes 
and  rates  of  nest  mortality,  and  identity  of  nest 
predators  elsewhere  (Stake  et  al.  2004,  Reidy 
et  al.  2008).  Our  objective  in  this  study  is  to 
report  on  the  extent  of  adult  mortality  at  the 
nest  and  discuss  its  potential  implications. 
Golden-cheeked  Warblers,  a  federally  endan¬ 
gered  species,  are  endemic  breeders  in  central 
Texas  with  strict  nesting  habitat  requirements 
(Ladd  and  Gass  1999).  The  requisite  mixed 
mature  Ashe  juniper  ( Juniperus  ashef)  and 
oak  ( Quercus  spp.)  woodlands  in  which  they 
nest  are  currently  being  heavily  fragmented 
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and  developed  in  historically  important  parts 
of  the  breeding  range  (USDI  1992). 

METHODS 

Study  Area. — We  monitored  nests  of  Gold¬ 
en-cheeked  Warblers  at  Fort  Hood  Military 
Reservation,  Texas,  USA  (30°  10'  N,  97°  45' 
W)  from  1997  to  2002  and  in  2005,  and  in 
Austin,  Texas  (30°23'N,  97°  34' W)  from 
2005  to  2006.  Fort  Hood  (Bell  and  Coryell 
counties)  is  a  large,  active  military  base  in  a 
rural  landscape  with  discrete  patches  of  Gold¬ 
en-cheeked  Warbler  habitat  separated  by  open 
valleys  leased  for  cattle  grazing.  Austin  (Trav¬ 
is  County)  is  a  large  and  growing  city  with 
historically  large  amounts  of  contiguous 
breeding  habitat  currently  being  fragmented 
by  human  development. 

Field  Methods. — We  mapped  territories  of 
banded  and  unbanded  adults  from  March  to 
May  to  establish  pairing  and  nesting  status  of 
males,  and  to  narrow  the  nest-searching  area. 
We  searched  for  nests  from  March  to  June, 
typically  using  adult  behavioral  cues  to  locate 
nests.  We  placed  miniature  video  cameras 
with  infra-red  illumination  (Fuhrman  Diver¬ 
sified  Inc.,  Seabrook,  TX,  USA)  that  allowed 
continuous  monitoring  at  as  many  nests  as 
possible  during  the  incubation  and  nestling 
stages,  prioritizing  nests  in  the  incubation 
stage.  Video  cameras  were  attached  by  a  20-m 
long  cable  to  a  video  recorder  and  battery 
placed  as  far  from  the  nest  as  possible.  We 
monitored  nests  daily  using  a  monitor  that 
plugged  into  the  video  recorder  and  did  not 
approach  the  nest  while  it  was  active  after  the 
camera  was  installed.  We  recorded  standard 
monitoring  information  daily  including  nest 
contents  and  identified  nest  predators  to  the 
lowest  possible  taxa  when  we  concluded  a 
predation  event  had  occurred.  We  used  band¬ 
ing  and  territory  status,  and  nest  success  in¬ 
formation  to  establish  the  number  of  females 
we  monitored  with  video  cameras  (several  fe¬ 
males  were  monitored  with  video  cameras 
during  more  than  one  nesting  attempt).  Ad¬ 
ditional  monitoring  details  are  available  in 
Stake  et  al.  (2004)  and  Reidy  et  al.  (2008). 

Data  Analyses. — We  estimated  daily  sur¬ 
vival  of  nests  with  a  logistic  exposure  model 
(Shaffer  2004)  in  SAS  9.1  (SAS  Institute 
2004).  We  coded  survival  as  1  if  at  least  one 
egg  or  nestling  in  the  nest  survived  the  inter¬ 


val  and  as  0  if  all  nest  contents  were  de¬ 
stroyed.  We  fit  a  model  with  covariates  for 
date,  date2,  and  date3  to  account  for  potentially 
non-linear  effects  of  date  (Grant  et  al.  2005, 
Reidy  2007).  We  ignored  other  potential  tem¬ 
poral  covariates  such  as  nest  stage  or  year  be¬ 
cause  there  was  not  much  support  for  them  in 
previous  analyses  examining  factors  affecting 
Golden-cheeked  Warbler  nest  survival  (Stake 
2003,  Peak  2007,  Reidy  2007).  We  estimated 
daily  nest  survival  with  the  above  model  for 
median  nest  interval  observed  in  the  study 
(Shaffer  and  Thompson  2007). 

We  similarly  estimated  female  daily  surviv¬ 
al  with  a  logistic  exposure  model;  we  coded 
survival  as  1  if  the  female  survived  the  over¬ 
night  observation  interval  and  as  0  if  she  was 
depredated.  We  fit  a  constant  survival  (inter¬ 
cept  only)  model  because  there  were  too  few 
mortality  events  to  model  as  a  function  of  co¬ 
variates.  We  only  included  observations  from 
the  days  females  sleep  on  the  nest  because 
that  is  when  they  are  potentially  exposed  to 
predation  (nest  days  3-21).  We  estimated  fe¬ 
male  daily  predation  as  1  —  daily  survival. 

We  estimated  total  loss  of  adult  females 
during  the  breeding  season  due  to  predation 
on  the  nest  based  on  daily  nest  survival,  daily 
female  mortality,  and  number  of  nesting  at¬ 
tempts.  If  daily  nest  survival  is  assumed  con¬ 
stant,  the  proportion  of  nests  surviving  to  any 
given  day  of  the  nest  cycle  can  be  estimated 
as  pk  =  sk,  where  pk  is  the  proportion  of  nests 
surviving  to  day  k  and  s  is  the  daily  survival 
estimate.  If  the  daily  mortality  of  females  on 
the  nest  is  defined  as  m  and  is  also  assumed 
constant  for  nest  days  3-21  (assuming  the  fe¬ 
male  begins  incubating  the  penultimate  egg  of 
a  typical  4-egg  clutch,  Pulich  1976),  the  pro¬ 
portion  of  females  lost  to  predation  during  the 
first  nest  attempt  is:  Fj  =  Xk=3_21  (sk  x  m)-  If 
we  assume  females  which  were  successful  in 
their  first  nesting  attempt  do  not  re-nest  and 
that  all  females  whose  first  attempt  failed  and 
which  survived  re-nest,  the  proportion  of  fe¬ 
males  lost  to  predation  during  a  second  nest¬ 
ing  attempt  is:  F2  =  (1  —  p25  —  Fj)  X  F,, 
where  p25  is  the  proportion  of  females  which 
were  successful  during  their  first  attempt  and 
F,  is  the  proportion  of  females  which  died  on 
their  first  attempt.  The  total  proportion  of 
nesting  females  dying  due  to  predation  on  the 
nest,  Fx,  can  be  estimated  as:  Fx  =  F,  +  F2. 
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TABLE  1.  Video  camera-monitored  nests  of  Golden-cheeked  Warblers  at  Fort  Hood,  Texas,  USA  from  1997 
to  2002  and  2005,  and  in  Austin,  Texas,  USA,  in  2005  and  2006.  Most  years  had  >4  nests  with  cameras  during 
days  3-21  of  the  nest  cycle  and  produced  at  least  one  snake  predation  of  a  female  attending  the  nest. 


Year 

Site 

Number  of  nests 
monitored  with 
cameras  (total 
observation  days) 

Number  of  nests 
monitored  during 
days  3-21  (total 
observation  days) 

Number  of  female 
mortalities  (number 
of  females 
monitored)  ' 

1997 

Fort  Hood 

1  (13) 

1  (10) 

0  (1) 

1998 

Fort  Hood 

2  (36) 

2  (28) 

0  (2) 

1999 

Fort  Hood 

2  (21) 

2  (16) 

0  (2) 

2000 

Fort  Hood 

6  (40) 

4  (28) 

l‘(6) 

2001 

Fort  Hood 

30  (292) 

26  (198) 

0  '(29) 

2002 

Fort  Hood 

24  (189) 

15  (125) 

2  (20) 

2005 

Fort  Hood 

7  (68) 

6  (32) 

0  (7) 

2005 

Austin 

18  (174) 

13  (100) 

1  (16) 

2006 

Austin 

43  (364) 

31  (244) 

2  (41) 

Females  rarely  made  a  third  nesting  attempt 
after  two  failures  and  we  recorded  no  instanc¬ 
es  of  double  brooding  (J.  L.  Reidy,  pers.  obs.). 

RESULTS 

We  monitored  133  nests  (61  in  Austin  and 
72  on  Fort  Hood)  representing  124  females 
with  video  cameras  for  an  effective  sample 
size  of  1,197  nest  monitoring  intervals  (Table 
1).  We  recorded  43  nest  predations  on  video; 
however,  1 1  of  these  were  considered  suc¬ 
cessful  because  >1  host  young  fledged  despite 
a  nest  predation  event.  Rat  snakes  were  the 
leading  predator  at  both  sites,  depredating  21 
nests.  Texas  rat  snakes  ( Elaphe  obsoleta  lind- 
heimeri)  and  a  Great  Plains  rat  snake  ( E .  gut¬ 
tata  emoryi)  depredated  20  and  1  nests,  re¬ 
spectively.  We  recorded  females  being  cap¬ 
tured  and  consumed  during  six  of  these  nest 
predations,  three  at  each  site.  We  identified 
Texas  rat  snakes  as  the  predator  at  five  adult 
predation  events  and  a  Great  Plains  rat  snake 
at  one. 

Daily  nest  survival  was  0.971  (95%  Cl: 
0.959-0.980).  We  observed  six  predations  of 
females  by  snakes  over  781  observation  days 
during  nest  days  3-21,  resulting  in  a  daily  fe¬ 
male  predation  rate  of  0.008  (95%  Cl:  0.003- 
0.017).  We  estimated  0.103  (or  10.3%)  of 
breeding  females  were  depredated  during  their 
first  nesting  attempt.  If  all  surviving  females 
with  failed  nests  re-nested  (42%  of  initial  pop¬ 
ulation),  we  estimated  0.043  (or  4.3%)  of 
breeding  females  were  depredated  during  their 
second  nesting  attempt.  Total  losses  of  breed¬ 
ing  females  to  predation  amounted  to  14.6%. 


If  females  spent  one  less  or  one  more  night  at 
the  nest  (all  else  being  equal),  these  totals 
would  be  14.0  or  15.2%,  respectively. 

All  predations  of  females  were  nocturnal, 
occurring  between  2103  and  2352  hrs  CDT 
from  18  April  to  9  May  in  Austin,  and  be¬ 
tween  0022  and  0448  hrs  from  23  April  to  1 7 
May  at  Fort  Hood.  All  nest  predations  by 
snakes  ( n  —  21)  were  nocturnal  but  one,  oc¬ 
curring  between  2001  and  2352  hrs  from  18 
April  to  19  May  in  Austin  and  between  2037 
and  0448  hrs  from  23  April  to  10  June  at  Fort 
Hood.  One  additional  nest  predation  by  a 
snake  occurred  at  1024  hrs  at  Fort  Hood. 

Snakes  were  not  deterred  by  Golden¬ 
cheeked  Warblers  nesting  in  the  canopy.  Nests 
with  depredated  females  were  on  average  5.2 
m  (n  =  6;  range  =  4.2  to  6. 1  m)  above  ground 
and  1.8  m  from  the  main  trunk  (n  =  6;  range 
=  0.3  to  4.5  m)  on  trees  with  a  diameter  at 
breast  height  averaging  23  cm  ( n  =  6;  range 
=  12  to  43  cm).  Nests  were  in  Ashe  junipers, 
which  are  characterized  by  rough,  peeling 
bark. 

Four  of  the  total  snake  nest  predations 
(19%)  were  in  the  incubation  stage  and  17 
(81%)  in  the  nestling  stage.  Two  of  four 
(50%)  snake  nest  predations  during,  the  incu¬ 
bation  stage  resulted  in  predation  of  the  fe¬ 
male.  Of  the  remaining  two,  the  female  was 
present  at  one  and  left  the  nest  3  min  prior  to 
the  snake  appearing  at  the  nest  (this  was  the 
one  diurnal  snake  predation),  and  at  the  other 
nest,  the  female  abandoned  the  nest  just  after 
sunset,  several  hrs  before  the  snake  predation. 
A  Mourning  Dove  ( Zenaida  macroura )  nest 
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located  just  below  this  nest  was  depredated 
the  same  night  suggesting  the  female  may 
have  flushed  from  and  possibly  abandoned  the 
nest  due  to  the  presence  of  a  predator  below 
her.  Four  of  17  (23%)  snake  nest  predations 
during  the  nestling  stage  resulted  in  predation 
of  the  female  and  occurred  while  the  nestlings 
were  young  (<5  days  old)  and  in  need  of 
brooding.  Eleven  (65%)  snake  nest  predations 
occurred  late  in  the  nestling  stage  when  fe¬ 
males  were  no  longer  brooding.  Four  of  these 
nest  predation  events  caused  at  least  one  nest¬ 
ling  to  prematurely  fledge  (‘force-fledge’)  and 
two  nests  had  already  fledged  young  prior  to 
the  snake  predation  event.  Females  were  pre¬ 
sent  but  escaped  the  remaining  two  (12%) 
snake  nest  predations.  Both  nests  contained  5- 
or  6-day  old  nestlings.  The  female  was  brood¬ 
ing  at  one  nest  and  left  the  nest  as  the  snake 
appeared  in  view.  This  predation  event  oc¬ 
curred  about  30  min  after  sunset  while  the  fe¬ 
male  was  still  alert.  She  peered  below  the  nest 
3  min  prior  to  the  snake  appearing  on  camera 
and  flew  off  the  nest  as  the  snake  approached. 
The  female  at  the  other  nest  was  sleeping  on 
the  rim  of  the  nest  and  was  actually  pushed 
off  the  nest  by  the  snake  as  it  investigated  the 
nestlings.  The  snake  lurched  after  the  falling 
female,  but  when  it  returned  to  view  at  the 
nest  seconds  later,  it  did  not  appear  to  have 
caught  the  female.  This  female  was  not  seen 
returning  to  the  nest.  Females  were  preyed 
upon  during  29%  (6/21)  of  the  total  snake  nest 
predations,  67%  (6/9)  of  the  times  they  were 
present  during  the  nest  predation,  and  75%  (6/ 
8)  of  the  nocturnal  nest  predations  for  which 
the  female  was  at  the  nest. 

DISCUSSION 

Snakes  consumed  females  attending  the 
nest  during  the  majority  of  nest  predation 
events  for  which  females  were  present,  a  find¬ 
ing  no  other  study  has  reported  for  a  songbird. 
Predation  by  snakes  on  female  -  Golden¬ 
cheeked  Warblers  attending  the  nest  likely 
represents  an  important  source  of  mortality 
during  the  breeding  season  for  this  species. 
Rat  snakes  are  well-known  tree  climbers  (Ten¬ 
nant  1998)  and  would  not  be  deterred  from 
climbing  trees  with  rough  bark  (Mullin  and 
Cooper  2002)  such  as  Ashe  juniper.  A  study 
documenting  nest  predators  of  Black-capped 
Vireos  ( Vireo  atricapillus)  at  Fort  Hood  also 


identified  Texas  rat  snakes  as  the  most  fre¬ 
quent  predator,  responsible  for  18  of  48  nest 
predation  events  (Stake  and  Cimprich  2003). 
However,  no  nest  predation  by  a  snake  result¬ 
ed  in  depredation  of  an  adult.  Black-capped 
Vireos  nest  in  shrubs  and  the  nesting  substrate 
is  likely  not  as  stable  or  sturdy  as  that  of 
Golden-cheeked  Warblers.  Adults  spending 
the  night  at  the  nest  in  shrubs  would  more 
likely  be  alerted  to  an  approaching  predator. 

Little  is  known  about  adult  survival  for 
Golden-cheeked  Warblers,  particularly  fe¬ 
males,  and  we  cautiously  speculate  about  pos¬ 
sible  implications  on  population  dynamics. 
Pairing  success  is  commonly  used  as  an  in¬ 
dicator  of  habitat  quality  with  presence  of  un¬ 
paired  males  suggesting  low  habitat  quality 
(Gibbs  and  Faaborg  1990,  Bayne  and  Hobson 
2001).  Golden-cheeked  Warbler  pairing  suc¬ 
cess  is  generally  high  (often  >90%)  for  ter¬ 
ritorial  males  at  sites  considered  to  be  high- 
quality  habitat  (Jette  et  al.  1998;  Becker  2006; 
Peak  2006;  J.  L.  Reidy,  unpubl.  data),  while 
lower  quality  habitat  in  Austin  had  low  (20- 
33%)  pairing  success  (Becker  2005,  2006). 
Pairing  success  was  also  lower  for  second- 
year  males  than  older  males  at  Fort  Hood  (Jet¬ 
te  et  al.  1998).  These  observations  of  differ¬ 
ential  pairing  success  are  indicative  of  a  pop¬ 
ulation  with  a  lower  number  of  females  than 
males,  and  we  suggest  female-biased  mortal¬ 
ity  during  the  breeding  season  may  be  a  con¬ 
tributing  factor.  Better  estimates  of  adult  and 
juvenile  survival  for  males  and  females,  pair¬ 
ing  success,  and  existence  and  extent  of  po¬ 
tential  non-territorial,  or  “floater”  males 
(Bayne  and  Hobson  2001)  are  necessary  to 
examine  if  predation  on  adult  females  during 
the  breeding  season  affects  long-term  stability 
of  Golden-cheeked  Warbler  populations. 

Predation  of  adult  females  at  the  nest  may 
partially  explain  the  skewed  adult  survival 
rates  and  sex-ratios  exhibited  by  many  song¬ 
birds.  Wood  Thrush  ( Hylocichla  mustelina) 
females  had  lower  survival  rates  than  males 
during  the  breeding  season  (Powell  et  al. 
2000,  Coulter  2005).  Survival  was  also  lower 
for  Black-throated  Blue  Warbler  ( Dendroica 
caerulescens)  females  than  males  during  the 
breeding  season  (Sillett  and  Holmes  2002) 
and  Ovenbird  ( Seiurus  aurocapillus )  females 
had  lower  annual  survival  estimates  than 
males  (Bayne  and  Hobson  2002).  Many  mi- 
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grant  songbird  populations  exhibit  male-bi¬ 
ased  sex-ratios  during  the  breeding  season 
(Gibbs  and  Faaborg  1990,  Villard  et  al.  1993, 
Van  Horn  et  al.  1995).  Migrant  songbird  pop¬ 
ulations  can  be  more  sensitive  to  changes  in 
adult  survival  than  juvenile  or  nest  survival 
(Noon  and  Sauer  1992,  Donovan  and  Thomp¬ 
son  2001).  The  loss  of  substantial  numbers  of 
breeding  females  to  predators  simultaneous  to 
nest  failure  may  be  calamitous,  especially  for 
an  endangered  species.  Extinction  risk  for  en¬ 
dangered  species  is  greater  for  populations 
with  male-biased  sex-ratios  (Donald  2007) 
and  for  small,  isolated  populations  experienc¬ 
ing  recent  habitat  fragmentation  (Dale  2001). 

Songbirds  nesting  in  climates  hospitable  to 
snakes,  particularly  those  exhibiting  nocturnal 
foraging  patterns  such  as  rat  snakes,  may  be 
particularly  vulnerable  to  predation  while  on 
the  nest  (Carter  et  al.  2007).  Open-cup  nesters 
may  have  more  opportunity  to  escape  than 
cavity  nesters,  but  species  which  nest  on  stur¬ 
dy  substrates,  such  as  Golden-cheeked  War¬ 
blers,  or  on  the  ground,  may  not  detect  a  pred¬ 
ator  in  time  to  escape,  especially  during  the 
night.  We  suspect  more  nesting  studies  using 
time-lapse  video  surveillance  in  geographic 
regions  with  nocturnal  snakes  will  reveal  ad¬ 
ditional  predation  on  incubating  and  brooding 
adult  songbirds.  We  believe  adult  mortality 
during  the  breeding  season  warrants  further 
investigation  for  other  species  and  ecosys¬ 
tems. 
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Depredation  of  Black-throated  Blue  Warbler  Nestlings  by  an  Introduced 

Slug  (Arionidae) 
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ABSTRACT. — Black-throated  Blue  Warblers  ( Den - 
droica  caerulescens)  are  subject  to  nest  predation  by 
a  variety  of  avian  and  mammalian  species.  I  present 
evidence  that  slugs  (Gastropoda:  Mollusca)  can  also 
function  as  nest  predators.  On  two  occasions,  slugs 
were  observed  feeding  on  6-7  day-old  nestling  Black- 
throated  Blue  Warblers  at  Hubbard  Brook  Experimen¬ 
tal  Forest,  New  Hampshire,  USA.  This  is  apparently 
the  first  report  documenting  that  slugs  can  function  as 
avian  nest  predators.  Received  22  February  2008.  Ac¬ 
cepted  25  December  2008. 


Black- throated  Blue  Warblers  ( Dendroica 
caerulescens)  are  shrub-nesting  Nearctic-neo- 
tropical  migrant  passerines.  These  warblers 
are  subject  to  nest  predation  by  a  wide  variety 
of  mammals  and  birds,  including  red  squirrels 
( Tamiasciurus  hudsonicus ),  eastern  chip¬ 
munks  ( Tamias  striatus).  Blue  Jays  ( Cyano - 
citta  cristata),  and  Sharp-shinned  Hawks  (Ac- 
cipiter  striatus)  (Holmes  et  al.  2005).  Slugs 
are  rarely  but  consistently  noted  in  or  on 
Black- throated  Blue  Warbler  nests  at  a  study 
site  in  New  Hampshire,  USA  (R.  T.  Holmes, 
unpubl.  data).  However,  no  evidence  exists  to 
indicate  that  slugs  can  function  as  avian  nest 
predators.  I  present  evidence  that,  at  least  in 
rare  instances,  slugs  will  feed  on  nestling 
Black-throated  Blue  Warblers. 

OBSERVATIONS 

Observations  were  made  during  summer 
2006  at  the  Hubbard  Brook  Experimental  For¬ 
est  (43°  56'  N,  71°  45'  W),  a  3,160-ha  reserve 
within  the  White  Mountain  National  Forest. 
Black-throated  Blue  Warblers  have  been  in¬ 
tensively  studied  at  Hubbard  Brook  and  more 
than  2,900  nests  have  been  monitored  since 
1986  (Holmes  et  al.  2005). 

On  24  June  2006,  during  a  routine  nest 
check,  a  field  technician  found  a  nest  that  had 
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disintegrated,  and  the  three  nestlings  were  on 
the  ground  underneath  t{ie  nest.  The  nest  had 
apparently  been  damaged  by  heavy  rains  the 
previous  day,  and  the  nestlings  had  fallen 
through  the  nest  bottom.  The  nestlings  were  7 
days  of  age  and  too  young  for  independent 
movement  (Black- throated  Blue  Warbler  nest¬ 
lings  generally  fledge  9  days  after  hatching; 
Holmes  et  al.  2005).  All  nestlings  were  still 
alive,  although  a  slug  was  attached  to  each 
bird.  One  slug  was  attached  to  the  upper  wing 
of  a  nestling,  while  the  other  two  slugs  were 
each  attached  to  the  underside  of  a  nestling 
wing.  The  nestlings  were  likely  weakened  due 
to  their  poor  ability  to  thermoregulate.  How¬ 
ever,  they  were  sufficiently  strong  to  beg  ac¬ 
tively  for  food,  and  showed  no  evidence  of 
injury  other  than  lesions  where  the  slugs  were 
attached.  Both  parents  were  nearby,  attempt¬ 
ing  to  feed  the  nestlings.  The  field  assistant  at 
the  site  decided  to  remove  the  slugs,  and  re¬ 
placed  the  nestlings  in  the  remnants  of  the 
nest.  None  of  the  nestlings  were  observed  dur¬ 
ing  the  subsequent  nest  check  2  days  later,  and 
the  adults  had  begun  building  a  replacement 
nest.  The  principal  cause  of  apparent  nestling 
mortality  is  unclear. 

A  second  observation  occurred  on  4  August 
2006  at  a  second  study  area  within  Hubbard 
Brook,  ~5  km  from  the  site  of  the  first  ob¬ 
servation.  As  I  approached  a  nest  during  a 
routine  nest  check,  I  observed  a  slug  inside 
the  nest  actively  feeding  on  a  nestling.  All 
four  nestlings  in  the  nest  had  suffered  severe 
disfiguration,  and  three  had  died  by  the  time 
I  arrived.  The  remaining  live  nestling  was 
weakly  attempting  to  beg  for  food,  despite  its 
injuries.  The  slug  was  feeding  on  a  nestling 
which  had  already  died,  and  I  did  not  observe 
a  slug  feeding  on  the  remaining  live  nestling. 
The  pattern  of  disfigurement  found  on  (ill  nest¬ 
lings  was  inconsistent  with  damage  previously 
observed  in  depredated  nests  at  Hubbard 
Brook  (R.  T.  Holmes,  N.  L.  Rodenhouse,  and 
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T.  S.  Sillett;  pers.  comm.),  suggesting  the  slug 
was  the  sole  source  of  damage  to  the  nest¬ 
lings.  Specifically,  all  four  nestlings  had  suf¬ 
fered  the  complete  loss  of  at  least  one  eye, 
and  two  nestlings,  including  the  live  nestling, 
had  suffered  damage  to  their  bills.  Eyes  were 
cleanly  removed  rather  than  partially  pecked 
or  chewed,  and  no  scratches  or  cuts  were  ev¬ 
ident  near  the  eyes.  Damage  to  the  nestlings’ 
bills  was  extensive  with  approximately  two- 
thirds  of  the  upper  mandible  consumed  on  the 
live  nestling.  I  observed  no  scratches  or  cuts 
near  the  bills,  which  would  be  consistent  with 
evidence  of  an  avian  or  mammalian  predator. 
The  nest  was  still  being  attended  by  the  fe¬ 
male,  although  the  male  had  deserted.  Male 
Black-throated  Blue  Warblers  frequently 
abandon  nests  after  late  July,  but  females  can 
typically  raise  late-season  young  without  male 
assistance  when  food  levels  are  sufficient,  as 
they  were  in  late  July  2006  (Holmes  et  al. 
2005;  R.  T.  Holmes,  unpubl.  data).  Thus,  it  is 
unlikely  the  nestlings  had  been  weakened  or 
died  due  to  starvation  prior  to  being  consumed 
by  the  slug. 

DISCUSSION 

The  slugs  observed  in  both  instances  were 
members  of  the  genus  Arion  (Arionidae),  pre¬ 
sumably  the  same  species.  This  genus  is  na¬ 
tive  to  Europe,  but  many  Arion  species  have 
successfully  established  populations  in  North 
America  (Chichester  and  Getz  1973).  The 
slugs  observed  were  most  likely  A.  subfuscus, 
which  has  been  previously  documented  at 
Hubbard  Brook  (Strayer  et  al.  1986;  T.  A. 
Pearce,  pers.  comm.). 

A  thorough  search  of  the  ornithological  and 
malacological  literature  revealed  no  prior  ev¬ 
idence  of  slugs  feeding  on  birds,  nor  on  other 
live  vertebrate  prey.  Most  terrestrial  slugs,  in¬ 
cluding  Arionidae,  feed  primarily  on  plant  and 
fungal  matter  (South  1992).  However,  Arion 
consume  a  wide  variety  of  food  items,  includ¬ 
ing  food  of  animal  origin  such  as  mammal  and 
bird  carcasses,  dead  invertebrates,  and  con- 
specifics  (Boycott  1934,  South  1992). 

It  is  perhaps  surprising  that  slugs  have  not 
been  previously  documented  as  nest  predators 
given  their  wide  dietary  breadth  and  ability  to 


consume  animal  matter.  However,  the  preda¬ 
tion  events  described  may  represent  unusual 
circumstances.  The  nestlings  in  the  first  inci¬ 
dent  had  fallen  from  their  nest  onto  the 
ground.  Slugs  were  much  more  likely  to  en¬ 
counter  the  nestlings  outside  of  the  nest,  and 
the  adults  may  have  been  less  able  or  willing 
to  dislodge  slugs  from  their  young  on  the 
ground.  In  the  second  instance,  the  male  had 
abandoned  the  nest  and  the  task  of  nest  de¬ 
fense  was  left  to  the  female.  Previous  obser¬ 
vations  of  this  nest  indicated  the  female  was 
extraordinarily  wary,  and  may  have  been  too 
skittish  or  inattentive  to  attack  or  drive  off  the 
slug.  It  is  likely  that  when  slugs  encounter 
nests  during  the  nestling  stage,  adults  will  suc¬ 
cessfully  repel  slugs,  and  slugs  may  only 
function  as  nest  predators  under  atypical  cir¬ 
cumstances. 
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ABSTRACT. — Mixed-clutch  nest  sharing  was  ob¬ 
served  between  an  American  Robin  ( Turdus  migrato- 
rius)  and  a  Northern  Cardinal  ( Cardinalis  cardinalis) 
in  Saylor  Township.  Polk  County,  Iowa  in  May  2007. 
The  nest  contained  three  American  Robin  eggs  and 
two  Northern  Cardinal  eggs,  but  only  American  Robin 
young  were  fledged  successfully.  This  was  not  a  case 
of  brood  parasitism,  as  both  females  were  observed 
alternating  incubation  of  the  nest.  Competition  for  de¬ 
sirable  nest  sites  might  be  a  possible  cause  for  this  type 
of  interspecific  behavior.  Received  17  July  2008.  Ac¬ 
cepted  15  October  2008. 


Both  intra-  and  interspecific  interactions 
among  birds  can  have  significant  influences 
on  nesting  success.  For  example,  brood  shar¬ 
ing,  brood  parasitism,  nest  usurpation,  and  in¬ 
terspecific  feeding  have  been  documented 
among  passerines  (Payne  1977).  Nest  usur¬ 
pation  is  often  restricted  to  species  with  en¬ 
closed  or  cavity  nests  (Lindell  1996),  but  oth¬ 
er  interactions  have  been  observed  across  a 
variety  of  cup-nesting  species  (e.g.,  Payne 
1977,  Shy  1982,  McNair  1984).  Brood  para¬ 
sitism  of  Northern  Cardinal  ( Cardinalis  car¬ 
dinalis)  is  known  to  occur,  mainly  from 
Brown-headed  Cowbirds  (Molothrus  ater) 
(Halkin  and  Linville  1999).  Intraspecific 
brood  sharing  has  also  been  observed  between 
two  female  Northern  Cardinals,  and  was  attrib¬ 
uted  to  fertilization  of  both  by  the  same  male 
(Rice  1969).  Cardinals  have  also  exhibited  in¬ 
traspecific  cooperative  breeding  behavior 
among  unrelated  individuals  (Halkin  and  Lin¬ 
ville  1999),  as  well  as  an  instance  of  feeding 
of  American  Robin  ( Turdus  migratorius ) 
young  (Shy  1 982).  American  Robins,  how¬ 
ever,  are  less  tolerant  of  nest  violations,  gen¬ 
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erally  rejecting  Brown-headed  Cowbird  eggs 
(but  see  Lowther  1981),  and  have  not  been 
observed  to  exhibit  intraspecific  cooperative 
brood  care  (Sallabanks  and  James  1999). 

Examples  of  interspecific  nest  sharing, 
where  eggs  from  both  species  are  present  in 
the  nest  and/or  cared  for  by  both  species,  are 
less  commonly  documented,  but  not  absent 
from  the  literature  (e.g.,  Cohen  1899,  Atkins 
1916,  Bleitz  1956,  Crowell  et  al.  1982).  One 
example  of  this  phenomenon  documented  a 
clutch  of  17  larger  and  nine  smaller  eggs  be¬ 
ing  jointly  incubated  by  a  female  Greater 
Scaup  ( Aythya  marila)  and  a  female  Lesser 
Scaup  (A.  affinis )  on  Great  Slave  Lake  (Four¬ 
nier  and  Hines  1996).  The  eggs  were  posi¬ 
tioned  in  the  nest  so  both  females  could  sit 
side  by  side,  in  contact  with  each  other,  and 
incubate  all  of  the  eggs  simultaneously  (Four¬ 
nier  and  Hines  1996).  Mixed  clutches  have 
also  resulted  in  mixed  broods;  during  a  10- 
year  field  investigation  of  cavity  nesting  spe¬ 
cies,  Robinson  et  al.,(2005)  observed  fledg¬ 
lings  of  both  Red-breasted  Nuthatches  (Sitta 
canadensis)  and  Mountain  Chickadees  ( Poe - 
cile  gambeli)  after  adults  of  both  species  had 
exhibited  parental  behavior  at  a  single  nest. 
We  report  a  case  of  interspecific  nest  sharing 
and  brood  care  by  a  pair  of  Northern  Cardi¬ 
nals  and  a  pair  of  American  Robins. 

OBSERVATIONS 

On  3  May  2007,  PWG  observed  an  Amer¬ 
ican  Robin  in  a  nest  constructed  ~1  m  above 
ground  level  in  a  2-m  tall  Sunkist  Arborvitae 
(' Thula  occidentalis  “ Sunkist ”).  The  evergreen 
was  in  a  suburban  development,  2  m  from  a 
house  and  adjacent  to  a  raised  wooden  deck. 
The  nest  was  partially  sheltered  by  these 
structures.  The  surrounding  neighborhood 
lacked  mature  trees  or  much  shrub  cover.  On 
4  May  2007,  a  female  Northern  Cardinal  was 
observed  using  the  same  nest.  These  two  birds 
changed  their  respective  occupation  of  the 
nest  frequently  and,  while  each  was  away 
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FIG.  1.  American  Robin  and  Northern  Cardinal  eggs  incubated  in  the  same  nest. 


from  the  nest,  were  observed  in  close  prox¬ 
imity  to  a  conspecific  male.  These  males  were 
presumed  to  be  the  mates  of  each  female, 
which  was  confirmed  for  the  cardinal  by  sub¬ 
sequent  observations. 

Examination  of  the  nest  on  5  May  2007  re¬ 
vealed  three  robin  eggs  and  two  cardinal  eggs 
(Fig.  1).  The  nest  was  monitored  ad  hoc  over 
the  next  week  to  document  incubation.  Reg¬ 
ular  shifting  of  females  on  the  nest  continued 
during  this  period,  however,  the  distance  be¬ 
tween  the  females  and  the  nest  continually  de¬ 
creased.  Quite  often,  the  female  cardinal 
would  return  to  the  nest  to  find  the  robin  on 
the  eggs  and  perch  several  centimeters  away 
on  a  limb.  As  time  progressed,  it  was  common 
to  see  both  the  female  cardinal  and  the  female 
robin  in  the  nest  at  the  same  time.  This  prac¬ 
tice  appeared  to  cease  when  the  female  car¬ 
dinal  began  to  display  aggressive  behaviors 
toward  the  robin.,  If  the  female  cardinal  re¬ 


turned  to  the  nest  and  found  the  robin  there,, 
the  cardinal  would  stand  on  the  back  of  the 
robin  and  scratch  and  kick  until  the  robin  fled 
the  nest.  During  this  time,  it  was  also  common 
to  observe  the  male  cardinal  bringing  food  to 
the  female  while  she  sat  on  the  nest. 

A  fledgling  appeared  in  the  nest  on  14  May 
2007,  and  both  females  continued  to  share 
nest  time,  with  the  male  cardinal  continuing 
to  feed  the  female  while  she  roosted  on  the 
nest.  A  second  fledgling  was  present  in  the 
nest  on  16  May  2007.  From  this  point  for¬ 
ward,  the  cardinals  were  no  longer  seen  at  the 
nest.  Subsequent  inspection  of  the  nest  re¬ 
vealed  only  the  two  fledglings  and  remains  of 
a  single  cardinal  egg  on  the  ground  directly 
beneath  the  nest.  The  two  fledglings  continued 
to  develop  under  parental  care  of  the  robin, 
only,  and  were  recognizable  as  juvenile  Amer¬ 
ican  Robins  on  22  May  2007.  The  juveniles 
eventually  forayed  onto  the  deck  from  the  nest 
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and  in  a  matter  of  days  were  no  longer  seen 
in  the  area,  as  was  true  of  the  parents. 

DISCUSSION 

The  nesting  strategy  that  uses  the  active 
takeover  of  a  nest  site  of  one  species  by  a 
different  species  for  egg  laying  and  incubation 
is  known  as  nest  usurpation  or  nest  piracy. 
This  particular  behavior  is  not  in  agreement 
with  the  popular  belief  that  coexisting  species 
have  divergent  nest  placement  (Lindell  1996). 
However,  studies  have  also  concluded  that 
convergence  upon  a  nest  site  by  more  than 
one  species  is  evidence  of  interspecific  com¬ 
petition  for  nesting  sites  (Lindell  1996).  The 
nesting  behavior  we  observed  demonstrates  a 
single  nest  site  can  be  suitable  for  more  than 
one  species.  Whether  the  cardinal  pair  ob¬ 
served  in  this  instance  was  two  juvenile  birds 
with  little  nesting  experience  or  was  compet¬ 
itively  inferior  to  the  robin  pair  are  unresolved 
questions.  The  aggressive  nature  of  this  par¬ 
ticular  observation  suggests  the  value  of  nest¬ 
ing  sites  in  suburban  habitats  is  worth  pro¬ 
tracted  physical  confrontation.  The  Northern 
Cardinal  may  use  an  aggressive  re-nesting 
strategy  in  response  to  high  levels  of  nest  pre¬ 
dation  (Filliater  et  al.  1994),  and  the  selective 
pressures  that  affect  the  evolution  of  nest  site 
selection  require  further  research  for  both  spe¬ 
cies. 
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Misdirected  Parental  Care  by  a  Male  Eastern  Towhee  at  a 
Wood  Thrush  Nest 

Kelly  M.  Schaeffer,13  William  P.  Brown,2  and  W.  Gregory  Shriver1 2 3 


ABSTRACT. — Misdirected  parental  care,  or  care  di¬ 
rected  toward  unrelated  young,  has  been  recorded  for 
many  bird  species.  The  Wood  Thrush  (Hylocichla  mus- 
telina )  is  not  known  to  practice  this  behavior  or  allow 
other  species  to  attend  to  its  young.  We  observed  a 
Wood  Thrush  nest  with  three  Wood  Thrush  nestlings 
and  one  Brown-headed  Cowbird  (Molothrus  ater )  nest¬ 
ling  being  attended  by  a  male  Eastern  Towhee  ( Pipilo 
erythrophthalmus).  The  towhee  fed  the  young  of  both 
species  in  the  nest  for  at  least  5  days  and  was  subse¬ 
quently  observed  feeding  a  Wood  Thrush  fledgling. 
The  towhee  also  participated  in  nest  maintenance  and 
defense.  The  proximate  cause  of  towhee  attendance  at 
the  Wood  Thrush  nest  remains  unknown,  but  begging 
calls  from  the  nestlings  may  have  stimulated  the  be¬ 
havior.  Received  28  June  2008.  Accepted  3  November 
2008. 


Misdirected  parental  care  is  intra-  or  inter¬ 
specific  care  directed  toward  the  young  of  an 
unrelated  bird  (Shy  1982,  Price  et  al.  1983). 
Misdirected  parental  care  differs  from  inter¬ 
specific  feeding,  which  also  may  include  an 
adult  of  one  species  feeding  an  adult  of  an¬ 
other  species  (Boix-Hinzen  1997).  Misdirect¬ 
ed  parental  care  has  been  described  several 
times  for  the  Eastern  Towhee  ( Pipilo  erythro¬ 
phthalmus),  but  Wood  Thrushes  ( Hylocichla 
mustelina)  are  not  known  to  exhibit  this  be¬ 
havior  or  cooperate  as  recipients  of  the  be¬ 
havior  in  the  wild.  Skutch  (1961)  reported  an 
adult  male  Wood  Thrush  helped  feed  nestlings 
of  several  different  species  in  an  aviary.  Shy 
(1982)  reported  four  occurrences  of  the  East¬ 
ern  Towhee  feeding  young  of  other  species, 
including  Field  Sparrow  ( Spizella  pusilla). 
Northern  Mockingbird  (Mimus  polyglottos), 
and  House  Finch  (Carpodacus  mexicanus). 
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We  report  the  first  case  of  Wood  Thrush  nest¬ 
lings  in  a  nest  parasitized  by  the  Brown-head¬ 
ed  Cowbird  (Molothrus  ater )  being  fed  by  a 
male  Eastern  Towhee. 

Wood  Thrush  nests  were  located  and  mon¬ 
itored  during  the  2006  field  season  as  part  of 
a  long-term  study  of  Wood  Thrush  breeding 
ecology  in  the  15-ha  University  of  Delaware 
Woods  (UDW)  in  Newark,  Delaware  (Brown 
and  Roth  2002,  2009).  Individually  color- 
banded  adults  were  associated  with  each  nest 
and  assumed  to  be  the  social  parents  of  young 
Wood  Thrushes  in  the  nest.  An  80-mm  spot¬ 
ting  scope  was  used  to  conduct  observations 
from  a  blind  approximately  15  m  from  the 
nest  for  at  least  1  hr/day  for  each  of  eight  nests 
in  a  separate  observational  study  (Schaeffer 
2007).  It  was  during  these  nest  observations 
that  KMS  discovered  a  male  Eastern  Towhee 
feeding  Wood  Thrush  nestlings  and  a  Brown¬ 
headed  Cowbird  nestling  in  a  Wood  Thrush 
nest  (Fig.  1). 

OBSERVATIONS 

The  Wood  Thrush  nest  of  interest  was  dis¬ 
covered  on  25  May  2006,  —4.5  m  above¬ 
ground  in  a  shadbush  (Amelanchier  spp.),  and 
contained  three  Wood  Thrush  eggs  and  two 
Brown-headed  Cowbird  eggs.  Three  thrushes 
and  one  cowbird  hatched  and  survived  to 
fledge. 

We  observed  the  male  Eastern  Towhee  car¬ 
rying  food  near  the  Wood  Thrush  nest  during 
the  first  nest  observation  period  for  this  nest 
on  14  June  2006,  when  the  young  were  8  days 
of  age.  The  towhee  did  not  approach  the  nest 
while  the  female  was  brooding,  but  remained 
on  a  branch  10-15  cm  distant.  The  young 
thrushes  were  gaping  while  being  brooded  and 
the  cowbird  was  begging  loudly;  these  behav¬ 
iors  appeared  to  be  directed  at  the  towhee  be¬ 
cause  all  young  were  facing  in  his  direction. 
Once  the  female  Wood  Thrush  left  the  nest, 
the  towhee  approached  the  rim  and  fed  one 
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FIG.  1.  Female  Wood  Thrush  brooding  her  begging  young  as  a  male  Eastern  Towhee  approaches  the  nest 
with  food.  Photograph  by  M.  E.  Zuefle  and  W.  P.  Brown,  2006. 


young  before  quickly  departing.  The  Wood 
Thrush  parents  did  not  react  to  the  presence 
of  the  towhee.  It  is  likely  the  towhee  had  been 
feeding  the  nestlings  before  14  June  based  on 
the  insistent  begging  behavior  of  the  young  at 
the  approach  of  the  towhee,  the  indifferent  be¬ 
havior  of  the  Wood  Thrush  nest  owners,  and 
the  rather  direct  route  the  towhee  took  to  the 
nest. 

The  towhee  participated  in  feeding  and  sev¬ 
eral  other  aspects  of  nest  activity  during  the 
six  subsequent  1-hr  observation  periods  from 
15  June  to  20  June.  We  removed  the  Wood 
Thrush  nestlings  for  banding  on  15  June,  and 
the  towhee  called  agitatedly  while  in  close 
proximity  to  the  Wood  Thrush  parents,  which 
also  were  scolding.  The  towhee  was  observed 
removing  fecal  sacs  from  the  nest  on  16  June. 
The  towhee  continued  to  take  part  in  nest  de¬ 
fense  on  17  June,  responding  to  the  presence 
of  a  Great  Horned  Owl  ( Bubo  virginianus ) 
~90  m  from  the  nest.  The  towhee  stood  on 
the  rim  of  the  nest  calling,  while  two  Wood 
Thrushes,  presumably  the  nest  owners,  scold¬ 
ed  near  the  owl. 

The  Wood  Thrush  parents  seldom  reacted 
to  the  presence  of  the  towhee  over  the  course 
of  our  observations.  The  towhee  approached 


the  nest  several  times,  remaining  ~5  cm  from 
the  rim,  while  the  female  was  brooding  on  16 
June.  She  did  not  react  to  his  presence,  but  the 
towhee  did  not  try  to  feed  the  young.  How¬ 
ever,  when  the  towhee  approached  the  nest  on 
17  June  while  the  female  was  brooding,  he 
attempted  to  feed  one  of  the  nestlings.  In  re¬ 
sponse,  the  female  Wood  Thrush  leaned  over 
the  rim  and  pecked  athim.  The  towhee  quick¬ 
ly  flew  from  the  pest  tree,  but  remained  in  the 
area  and  returned  with  food  as  soon  as  the 
female  had  left  the  nest.  The  towhee  made 
eight  successful  feeding  trips  while  the  Wood 
Thrush  parents  made  seven  trips  collectively 
during  the  1-hr  observation  period  on  17  June. 
Both  the  towhee  and  female  Wood  Thrush  fed 
the  young  on  19  June.  The  male  Wood  Thrush 
did  not  complete  any  feeding  trips  during  this 
1-hr  observation  period,  but  remained  in  the 
area  singing  almost  continuously.  The  Eastern 
Towhee  averaged  3.6  feeding  trips/hr  com¬ 
pared  to  the  parents’  combined  5.2  (2.6/adult) 
trips/hr  for  all  observations. 

The  young  fledged  on  the  morning  of  20 
June,  and  the  towhee  was  observed  feeding  a 
Wood  Thrush  fledgling  in  the  nest  tree,  ~3  m 
from  the  nest  and  5  m  above  ground.  The  to¬ 
whee  was  observed  in  the  same  area  as  the 
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fledglings  until  30  June,  after  which  the  fledg¬ 
lings  were  not  observed  in  the  area  of  the  nest. 
The  towhee  was  not  observed  feeding  fledg¬ 
lings  except  for  20  June,  but  heavy  cover  pre¬ 
cluded  our  efforts  to  successfully  observe  the 
fledglings  being  fed. 

DISCUSSION 

We  observed  misdirected  parental  care  be¬ 
havior  by  the  male  Eastern  Towhee  over  a  7- 
day  period,  including  the  first  day  the  young 
fledged.  Digital  photographs  of  the  towhee 
with  food  in  his  bill  were  taken  near  the  nest 
on  18  June  2006  (Fig.  1).  To  our  knowledge, 
this  is  the  first  report  of  Wood  Thrushes  being 
the  recipient  of  misdirected  parental  care  in 
the  wild. 

Wood  Thrushes  fledged  at  12.3  days  of  age, 
on  average,  during  the  2006  field  season.  The 
young  attended  by  the  towhee  fledged  at  13 
days  of  age,  suggesting  the  misdirected  paren¬ 
tal  care  did  not  affect  nest  success. 

The  circumstances  that  led  the  male  Eastern 
Towhee  to  attend  the  Wood  Thrash  nest  were 
unclear,  as  the  breeding  status  of  the  towhee 
was  not  known.  Shy  (1982)  described  eight 
different  categories  that  might  stimulate  mis¬ 
directed  parental  care.  These  include  the  pos¬ 
sibility  that:  (1)  the  bird  practicing  misdirect¬ 
ed  parental  care  was  raising  a  mixed  clutch, 

(2)  the  original  nest  of  the  bird  was  destroyed, 

(3)  the  nest  of  another  species  was  close  to 
that  of  the  bird  performing  the  behavior,  (4) 
the  calls  of  nestlings  stimulated  the  misdi¬ 
rected  parental  care,  (5)  orphaned  birds  were 
adopted  temporarily  or  permanently,  (6)  a 
male  fed  another  species  while  his  mate  in¬ 
cubated,  (7)  finding  a  mateless  bird,  or  being 
mateless  itself,  a  bird  joined,  a  pair  with 
young,  or  (8)  reasons  different  from  those  giv¬ 
en  above. 

The  Brown-headed  Cowbird  regularly  par¬ 
asitizes  both  Wood  Thrash  and  Eastern  To¬ 
whee  nests  and  the  familiar  sounds  of  a  beg¬ 
ging  cowbird,  or  of  nestlings  in  general,  may 
have  been  the  stimulus  that  triggered  the  to- 
whee’s  feeding  efforts.  Brown-headed  Cow¬ 
bird  parasitism  was  particularly  heavy  at 
UDW  during  2006  (12  of  15  nests;  Brown  and 
Roth  [2004]  report  annual  rates  of  parasitism 
at  UDW);  the  same  may  have  been  true  for 


local  towhee  nests.  Yoerg  and  O’Halloran 
(1991)  and  Drozdz  et  al.  (2004)  reiterated  the 
potential  importance  of  begging  sounds,  as 
well  as  proximity  to  nests  of  other  species,  as 
a  stimulus  for  misdirected  parental  care. 

Shy  (1982)  reported  that  only  11  of  95  cas¬ 
es  (12%)  of  misdirected  parental  care  in¬ 
volved  the  feeding  of  both  nestlings  and  fledg¬ 
lings.  Part  of  this  rarity  may  be  due  to  the 
difficulty  of  observing  fledglings  when  they 
are  being  fed.  The  presumed  rarity  of  misdi¬ 
rected  parental  care  also  may  be  due  to  the 
lack  of  systematic  nest  observations  beyond 
recording  the  contents  of  the  nest. 
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ABSTRACT. — We  examined  King  Eider  ( Somateria 
spectabilis)  brood  survival  in  the  Kuparak  oil  field  in 
northern  Alaska  in  2002  and  2003  by  monitoring  hens 
with  broods  using  radiotelemetry.  We  observed  com¬ 
plete  brood  loss  in  eight  of  10  broods.  Broods  survived 
less  than  2  weeks  on  average,  and  most  mortality  oc¬ 
curred  within  10  days  of  hatch.  Distance  hens  traveled 
overland  did  not  affect  brood  survival.  Apparent  King 
Eider  brood  survival  in  our  study  area  was  lower  than 
reported  for  eider  species  in  other  areas.  We  recom¬ 
mend  future  studies  examine  if  higher  densities  of 
predators  in  oil  fields  reduces  King  Eider  duckling  sur¬ 
vival.  Received  26  September  2008.  Accepted  18  Jan¬ 
uary  2009. 


Declines  in  the  North  American  population 
of  King  Eiders  ( Somateria  spectabilis)  have  in¬ 
creased  interest  in  the  status  and  ecology  of  this 
species  (Dickson  et  al.  1997,  Gratto-Trevor  et 
al.  1998,  Suydam  et  al.  2000).  King  Eiders  are 
circumpolar  breeders  that  nest  primarily  along 
the  margins  of  freshwater  ponds  and  lakes  on 
the  arctic  tundra  (Suydam  2000).  King  Eider  fe¬ 
males  leave  the  nest  after  hatch  with  their  brood 
and  move  over  land  among  tundra  ponds  (Berg¬ 
man  et  al.  1977).  Some  waterfowl  studies  hy¬ 
pothesize  that  distance  traveled  over  land  may 
reduce  duckling  survival  by  increasing  risk  of 
mortality  due  to  predation  or  exposure  (Rotella 
and  Ratti  1992,  Seymore  and  Jackson  1996), 
while  other  studies  suggest  a  positive  correlation 
(Yerkes  2000,  Mehl  and  Alisauskas  2007)  or  no 
effect  (Wayland  and  McNicol  1994,  Dzus  and 
Clark  1997). 
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Estimates  of  duckling  survival  for  water- 
fowl  species  suggest  that  survival  rates  are 
lower  from  hatching  to  fledging  than  during 
later  life  stages,  and  variation  in  survival  is 
linked  to  recruitment  (Mendenhall  and  Milne 
1985,  Johnson  et  al.  1992).  Duckling  mortality 
has  been  attributed  to  predation,  adverse 
weather,  starvation,  and  disease  (Johnson  et  al. 
1992).  Identifying  mortality  at  different  life 
history  stages  is  important  for  developing 
conservation  plans  for  King  Eiders.  We  ex¬ 
amined  survival  of  King  Eider  ducklings  on 
the  North  Slope  of  Alaska  and  examined  sur¬ 
vival  in  relation  to  distance  traveled  over  land. 

METHODS 

Study  Area. — We  trapped  female  King  Ei¬ 
ders  on  nests  in  2002  and  2003  at  the  Kuparuk 
oil  field  (70°  20'  N,  149°  45'  W)  between  the 
Colville  and  Kuparuk  rivers  on  the  North 
Slope  of  Alaska.  The  site  was  characterized 
by  numerous  thaw  lakes,  ponds,  and  basins 
(Anderson  et  al.  1999). 

Capture  and  Telemetry. — We  searched  ac¬ 
cessible  areas  in  the  Kuparuk  oil  field  for  nest¬ 
ing  King  Eiders  during  each  summer,  2002 
and  2003.  We  candled  and  floated  eggs  from 
nests  to  assess  incubation  stage  and  estimate 
hatch  date  (Weller  1956).  We  monitored  nests 
at  least  once  per  week. 

We  captured  hens  on  nests  abput  1  week 
prior  to  hatch  using  hand-carried  mist  nets 
(Bacon  and  Evrard  1990)  or  bow-net  traps 
(Sayler  1962).  We  originally  planned  to  trap 
20  randomly  selected  hens  each  year  but,  due 
to  low  nest  success  we  attempted  to  trap  any 
female  still  on  a  nest  1  week  prior  to  predicted 
hatch  date.  We  captured  12  females  in  2002, 
clipped  feathers  on  their  upper  back  between 
their  wings,  and  attached  8-g  VHF  transmit¬ 
ters  (Telonics  Inc.,  Mesa,  AZ,  USA)  to  the 
area  using  epoxy.  We  attached  10-g  VHF  an¬ 
chor  transmitters  using  a  suture  technique 
(Pietz  et  al.  1995)  to  12  hens  in  2003  to  reduce 
transmitter  loss.  We  checked  nests  daily  after 
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TABLE  1.  King  Eider  radio-tracking  at  Kuparuk,  Alaska,  2002-2003. 

2002 

2003 

Total 

Females  radio-marked 

12 

12 

24 

Radio-marked  females  that  failed  to  hatch  eggs 

5 

3 

8 

Radio-marked  females*  that  lost  radio  tag 

3 

0 

3 

Females  radio-tracked 

4 

6 

10 

Radio-marked  females  that  lost  broods  prior  to  first  relocation 

0 

3 

3 

capture  to  document  departure  of  broods.  We 
did  not  flush  hens  from  nests  during  these 
checks.  We  checked  nests  for  number  of 
hatched  eggs  when  females  departed  the  nest 
area  following  hatch.  We  assumed  initial 
brood  size  was  equal  to  the  number  of  hatched 
shell  membranes  (Girard  1939).  All  methods 
and  handling  of  birds  were  approved  by  the 
University  of  Alaska  Institutional  Animal 
Care  and  Use  Committee  (IACUC  #  02-10). 

We  located  hens  after  hatch  every  2-5  days 
until  ducklings  were  30  days  of  age  or  until 
we  observed  a  female  without  a  brood  on  two 
consecutive  tracking  sessions.  We  tracked 
marked  hens  by  vehicle,  foot,  and  aircraft.  Ae¬ 
rial  telemetry  flights  were  used  weekly  when 
weather  permitted  to  locate  hens  not  found 
from  the  ground.  Transmitters  had  a  range  of 
at  least  1  km  from  the  ground  and  up  to  10 
km  from  the  air.  We  recorded  location  infor¬ 
mation  using  Global  Positioning  System 
(GPS)  units  and  aerial  photos.  We  used  aerial 
photos  to  record  locations  when  we  were  not 
able  to  get  exact  GPS  locations  or  did  not 
want  to  disturb  hens  with  broods.  We  later  re¬ 
turned  to  these  locations  to  obtain  locations 
using  GPS  or  inferred  locations  using  Are- 
View.  We  also  recorded  brood  size,  number  of 
hens  and  ducklings  if  broods,  had  formed 
creches,  and  predators  observed. 

Analysis. — We  plotted  movements  of  fe¬ 
males  using  Arc  View  3.2  Geographic  Infor¬ 
mation  System  (GIS)  (ESRI  1998).  We  cal¬ 
culated  straight  line  distances  between  re-ob- 
servations  and  mean  bearing  of  movement 
paths  using  Animal  Movement  extension 
(Hooge  and  Eichenlaub  1997)  in  Arc  View. 
We  considered  survival  of  a  brood  as  at  least 
one  duckling  surviving  to  30  days  of  age 
when  King  Eider  ducklings  closely  resemble 
adults  in  size  and  mortality  from  predation  is 
negligible  (Mehl  and  Alisauskas  2007).  We 
considered  a  marked  hen  observed  in  a  creche 


to  still  have  a  brood  if  ducklings  of  the  ap¬ 
propriate  age  tended  to  follow  her  rather  than 
alternate  hens  when  disturbed.  We  calculated 
daily  survival  estimates  for  broods  using  the 
Mayfield  method  and  assigned  exposure  days 
for  complete  brood  loss  equal  to  50%  of  the 
last  observation  interval  (Mayfield  1961, 
1975,  Johnson  1979).  Survival  to  30  days  was 
calculated  by  raising  the  daily  survival  rate  to 
the  power  of  30. 

We  used  linear  regression  to  test  whether 
the  number  of  days  a  brood  survived  was  af¬ 
fected  by  distances  traveled  over  land  and  if 
distances  traveled  per  day  varied  with  duck¬ 
ling  age.  Data  from  both  years  were  pooled  in 
all  analyses  due  to  small  sample  sizes.  We 
performed  all  statistical  analyses  using  SAS 
software  (SAS  Institute  1990);  means  ±  SE 
are  presented.  Results  were  considered  signif¬ 
icant  at  a  =  0.05. 

RESULTS 

Four  of  12  hens  captured  in  2002  were  suc^ 
cessfully  radio-tracked  with  broods,  five  failed 
to  hatch  eggs,  and  three  prematurely  lost  their 
radio  transmitters  prior  to  first  relocation  after 
hatch  (Table  1).  Six  of  12  hens  captured  in 
2003  were  successfully  radio-tracked,  three 
failed  to  hatch  eggs,  and  three  lost  broods  pri¬ 
or  to  first  relocation  after  hatch  (Table  1).  We 
relocated  marked  hens  with  broods  5.6  ±  1.4 
times  ( n  =  10,  range  =  1-14). 

Average  brood  size  at  hatch  was  4.2  ±  0.4 
ducklings  ( n  =  10,  range  =  2—6).  We  ob¬ 
served  complete  brood  loss  in  eight  of  10 
broods  (80%).  Broods  survived  an  average  of 
13.4  ±3.1  days  ( n  =  10,  range  =  2-31).  Most 
brood  loss  (5  of  8,  62.5%)  occurred  within  the 
first  10  days  after  hatch  (Table  2).  The  daily 
survival  estimates  for  broods  was  0.855  ± 
0.026,  and  estimated  survival  over  30  days 
was  10.3%  (95%  Cl:  2.0-49.3).  We  observed 
the  depredation  of  a  King  Eider  chick  from  a 
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TABLE  2.  Number  of  King  Eider  ducklings  ob¬ 
served  in  broods  of  radio-tracked  females  at  Kuparuk, 
Alaska,  2002-2003.  All  females  experienced  complete 
brood  loss  within  the  first  2  weeks  after  hatch. 

Age  (days) 

ID  # 

Hatch 

1-5 

5-10  10-15 

KIEI02 

4 

0 

KIEI06 

5 

3 

0 

KIEI 1 7 

3 

0 

KIEI29 

6 

3 

0 

KIEI68 

4 

4 

1  0 

KIEI70 

5 

5 

1  0 

KIEI87 

3 

3 

0 

KIEI95 

4 

3 

3  0 

tracked  brood  by  a  Glaucous  Gull  ( Larus  hy- 
perboreus)  and  witnessed  two  unsuccessful  at¬ 
tacks  on  radio-tracked  broods,  including  one 
by  two  Parasitic  Jaegers  ( Stercorarius  para¬ 
siticus)  and  another  by  a  Glaucous  Gull. 

Average  daily  movement  rate  of  hens  with 
broods  was  507.4  ±  68.7  m/day  (n  =  56; 
range  =  0—2,376  m).  Longer  daily  movement 
rates  did  not  affect  the  number  of  days  a  brood 
survived  (F18  =  0.10,  P  =  0.76).  Distance 
traveled  per  day  by  hens  with  broods  did  not 
vary  with  duckling  age  (F,  54  =  0.90,  P  = 
0.35).  Hens  did  not  appear  to  travel  in  a  par¬ 
ticular  general  direction  with  ducklings  after 
hatch.  Four  hens  moved  east,  three  north,  two 
south,  and  one  west. 

Creche  formation  was  not  extensive;  we 
rarely  observed  creches  of  King  Eiders  on  the 
study  area  and  only  observed  two  marked 
hens  with  broods  in  creches.  The  hens  that 
joined  creches  were  the  only  females  in  our 
study  to  successfully  raise  young  to  30  days 
of  age.  One  marked  hen  hatched  five  duck¬ 
lings,  but  was  later  observed  with  three  King 
and  three  Spectacled  ( S .  fischeri)  Eider  chicks. 
We  first  observed  her  in  a  creche  when  her 
chicks  were  9  days  of  age.  We  later  observed 
this  hen  in  a  creche  of  up  to  40  hens  and  12 
young.  We  believe  some  of  these  ducklings 
were  still  associated  with  the  marked  hen 
based  on  their  behavior.  We  observed  the  sec¬ 
ond  successful  hen  in  a  small  creche  with  one 
other  hen  when  her  chicks  were  18  days  of 
age;  each  had  a  brood  of  two  ducklings.  The 
two  broods  were  discernable  by  their  different 
ages  with  the  marked  hen  having  smaller, 
younger  ducklings. 


DISCUSSION 

We  offer  the  first  description  of  survival  of 
King  Eider  broods  in  Alaska.  We  observed 
lower  apparent  survival  of  broods  (20%)  than 
observed  for  King  Eiders  breeding  at  Karrak 
Lake  in  Nunavut,  Canada  (35%,  Mehl  and  Al- 
isauskas  2007).  Apparent  survival  of  King  Ei¬ 
der  broods  at  Kuparuk  was  also  lower  than 
reported  for  related  eider  species  in  Alaska. 
Half  (49%)  of  all  Spectacled  Eider  (Flint  and 
Grand  1997)  and  73%  of  all  Common  Eider 
( S .  mollissima)  females  (Flint  et  al.  1998)  on 
the  Yukon-Kuskokwim  Delta  lost  their  broods 
within  30  days  of  hatch. 

Our  calculation  of  apparent  survival  of 
broods  does  not  include  an  estimate  of  varia¬ 
tion  in  the  data.  Given  our  small  sample  size 
and  probable  variation  among  years,  we 
would  assume  this  variation  to  be  significant. 
Mayfield  estimates  of  survival  for  King  Eider 
broods  at  Kuparuk,  while  low,  show  large 
confidence  intervals  that  overlap  with  survival 
estimates  for  broods  at  Karrak  Lake  (31%, 
95%  CL  13-50%;  Mehl  and  Alisauskas  2007). 

Gull  predation  has  been  identified  as  a  pri¬ 
mary  cause  of  eider  duckling  mortality  (Men¬ 
denhall  and  Milne  1985,  Mehl  and  Alisauskas 
2007).  Glaucous  Gulls  nest  across  Alaska's 
Arctic  Coastal  Plain;  studies  have  indicated 
their  populations  may  be  more  concentrated 
near  coastal  villages  and  areas  of  industrial 
development  such  as  Kuparuk  and  Prudhoe 
Bay  (Noel  et  al.  2006).  Other  potential  pred¬ 
ators  of  ducklings  at  Kuparuk  included  Para¬ 
sitic  Jaeger,  Common  Raven  (Cor\’us  corax), 
and  arctic  fox  ( Alopex  lagopus).  The  popula¬ 
tion  of  predators  in  Alaskan  oil  fields  has  in¬ 
creased  since  development,  most  likely  due  to 
greater  access  to  food  from  anthropogenic 
sources  such  as  landfills  and  garbage  dump¬ 
sters,  and  shelter  for  nesting  and  denning  sites 
(National  Research  Council  2003). 

We  did  not  observe  extensive  creche  for¬ 
mation  at  Kuparuk  similar  to  Mehl  and  Ali¬ 
sauskas  (2007)  at  Karrak  Lake;  however,  the 
only  hens  in  our  study  that  successfully  raised 
ducklings  joined  other  females  with  broods. 
Creche  formation  may  increase  duckling  sur¬ 
vival  by  females  jointly  caring  for  young  and 
by  larger  brood  sizes  diluting  the  risk  of  pre¬ 
dation  (Eadie  et  al.  1988). 

King  Eider  brood  survival  did  not  improve 
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with  greater  distance  travelled  over  land  in  the 
Kuparak  area  in  contrast  to  the  findings  of 
Mehl  and  Alisauskas  (2007)  at  Karrak  Lake. 
We  hypothesize  the  contrasting  results  of 
these  two  studies  may  be  partially  explained 
by  habitat  composition  of  the  study  areas.  The 
Karrak  Lake  site  is  a  large  lake  with  many 
islands,  while  Kuparuk  is  characterized  by 
small  ponds  and  wetland  complexes.  Mehl 
and  Alisauskas  (2007)  hypothesized  that 
movement  of  broods  to  smaller  ponds  from 
the  main  nesting  areas  at  Karrak  Lake  im¬ 
proved  survival  by  providing  better  foraging, 
lower  gull  densities,  and  more  shelter  from 
winds.  Movements  from  nesting  locations  at 
Kuparuk  would  not  yield  the  same  benefits  be¬ 
cause  nesting  already  occurs  on  small  ponds. 

We  had  little  evidence  to  suggest  broods  not 
re-observed  with  hens  were  adopted,  because 
creche  formation  was  limited  in  the  study  area 
and  we  did  not  observe  hens  with  an  unusu¬ 
ally  large  number  of  ducklings.  Our  analysis 
of  brood  survival  underestimated  mortality  by 
censoring  broods  from  the  analysis  that  were 
not  re-observed  after  hatch,  but  our  observa¬ 
tions  of  King  Eider  broods  at  Kuparuk  suggest 
that  survival  of  broods  may  be  low.  Our  find¬ 
ings  should  be  useful  for  developing  a  com¬ 
prehensive  investigation  of  King  Eider  surviv¬ 
al  as  more  King  Eider  nesting  habitat  across 
northern  Alaska  is  leased  for  resource  devel¬ 
opment.  We  encourage  additional  study  of 
King  Eider  survival  on  the  North  Slope  of 
Alaska  especially  near  areas  of  resource  de¬ 
velopment  where  survival  of  ducklings  may 
be  depressed  by  artificially  inflated  predator 
populations. 
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Diet  Composition  of  Wintering  Wilson’s  Snipe 


Jon  T.  McCloskey,1-2 3  Jonathan  E.  Thompson,13  and  Bart  M.  Ballard1-4 


ABSTRACT. — We  examined  diet  composition  of 
Wilson’s  Snipe  ( Gallinago  delicata)  (n  =  372)  col¬ 
lected  along  the  central  Gulf  Coast  of  Texas  based 
solely  on  upper  digestive  tract  contents.  Food  items 
included  1 1  invertebrate  orders,  one  invertebrate  class, 
and  eight  plant  genera.  Oligochaetes  were  the  predom¬ 
inant  food  throughout  the  non-breeding  period,  but 
snipe  consumed  fewer  (P  =  0.021)  earthworms  in 
spring  than  in  fall.  Aquatic  insects  were  frequently 
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consumed  by  snipe  and  during  spring  represented  ap¬ 
proximately  the  same  proportion  of  the  diet  as  earth¬ 
worms.  Plant  foods  consisted  almost  entirely  of  seeds 
and  comprised  9.7-26.8%  of  the  diet  throughout  the 
non-breeding  period.  Wilson’s  Snipe  consumed  dipter- 
an  larvae  more  often  during  spring  than  fall  (P  = 
0.056).  Female  snipe  consumed  crustaceans  during 
spring  (14.8%),  while  only  trace  amounts  were  found 
in  the  diet  of  male  snipe.  Differences  in  the  diet  of 
Wilson’s  Snipe  between  males  and  females  were  prob¬ 
ably  related  to  differences  in  habitat  use  as  well  as 
availability  of  invertebrates  throughout  the  non-breed¬ 
ing  period.  Received  5  March  2008.  Accepted  7  Sep¬ 
tember  2008. 


Studies  of  Wilson’s  Snipe  ( Gallinago  deli¬ 
cata)  suggest  that  animal  foods  are  a  signifi- 
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cant  portion  of  their  winter  diet  (Erickson 
1941,  Whitehead  1965,  White  and  Harris 
1966,  Owens  1967,  Booth  1968,  Jirovec  1971, 
Tuck  1972).  Most  studies  suggest  aquatic  in¬ 
sects  and  mollusks  are  the  primary  animal 
foods  consumed  by>snipe  and  discount  the  im¬ 
portance  of  earthworms  (Oligochaeta).  Owens 
(1967)  found  earthworms  in  50%  of  the  birds 
he  collected  in  wet  cattle  pastures  in  Louisi¬ 
ana,  but  they  accounted  for  only  21.6%  of  the 
total  animal  volume  in  the  diet.  Previous  stud¬ 
ies  stimulated  debate  over  the  importance  of 
plant  foods  in  the  diet  of  wintering  Wilson’s 
Snipe.  Whitehead  (1965),  Owens  (1967),  and 
Booth  (1968)  found  the  dry  mass  of  plant  ma¬ 
terials  comprised  —41,  50,  and  62%  of  the 
diet  of  wintering  snipe,  respectively.  In  con¬ 
trast,  White  and  Harris  (1966)  and  Jirovec 
(1971)  reported  that  plant  foods  accounted  for 
<20%  of  the  dry  mass  in  the  diet. 

Inconsistencies  between  these  studies  and 
the  conclusion  that  earthworms  are  relatively 
unimportant  in  the  diet  of  wintering  snipe 
probably  occurred  because  they  included  giz¬ 
zard  contents  in  diet  composition  analysis. 
This  approach  biases  diet  composition  toward 
hard  food  items  (i.e.,  plant  foods  or  hard  an¬ 
imal  parts)  because  the  grinding  action  of  the 
gizzard  quickly  renders  soft  foods  (e.g.,  earth¬ 
worms)  unrecognizable  (Rundle  1982).  This 
bias  can  be  avoided  by  examining  only  the 
contents  of  the  esophagus  and  proventriculus 
(Swanson  and  Bartonek  1970,  Reinecke  and 
Owen  1980,  Rundle  1982). 

Snipe  have  long  bills  with  a  prehensile  tip 
used  to  probe  moist  soils  in  search  of  inver¬ 
tebrates  (Arnold  1994).  Winter  habitats  used 
by  Wilson’s  Snipe  typically  have  wet  ground 
(i.e.,  wet  pastures,  plowed  and  fallow  rice 
fields,  and  coastal  marshes)  (Arnold  1994), 
and  soil  moisture  is  a  primary  variable  regu¬ 
lating  earthworm  abundance  and  distribution 
(Curry  1998).  Our  objective  was  to  quantify 
the  diet  of  wintering  Wilson’s  Snipe  based 
solely  on  examination  of  upper  digestive  tract 
contents. 

METHODS 

We  conducted  this  study  in  the  rice  prairies 
and  coastal  marshes  along  the  central  Gulf 
Coast  of  Texas  from  October  1997  through 
April  1998.  Collection  sites  included  five  dif¬ 
ferent  habitat  types:  harvested  rice  fields,  fal¬ 


low  rice  fields,  mud  flats  (i.e.,  recently  disked 
fallow  rice  fields),  drained  impoundments,  and 
coastal  marshes.  Vegetation  communities  and 
land  use  practices  associated  with  the  study 
area  were  described  by  McCloskey  (1999). 

We  collected  Wilson’s  Snipe  ( n  =  372)  by 
shooting,  systematically  alternating  between 
habitat  types  throughout  the  non-breeding  pe¬ 
riod.  We  typically  collected  four  birds  per  day 
allocated  throughout  the  day.  We  examined 
diet  composition  by  analyzing  the  contents  of 
the  upper  digestive  tract  (UDT)  (i.e.,  esopha¬ 
gus  and  proventriculus).  Each  specimen  was 
injected  with  2-3  ml  of  80%  ethanol  into  their 
UDT  immediately  after  collection  to  prevent 
post-mortem  digestion  of  food  items.  The 
UDT  contents  were  subsequently  placed  into 
individually  labeled  nalgene  bottles  contain¬ 
ing  80%  ethanol  (Swanson  and  Bartonek 
1970).  Food  items  were  sorted,  classified,  and 
dried  to  constant  mass  at  80°  C  to  quantify 
percent  occurrence  and  aggregate  percent  dry 
mass  of  foods  consumed  during  each  season. 
We  separated  the  non-breeding  period  into 
three  seasons  based  on  molt  intensity  of  col¬ 
lected  individuals.  A  fall  molting  period  was 
delineated  as  6  October- 13  November  1997, 
a  non-molting  winter  period  was  delineated  as 
14  November  1997-4  February  1998,  and  a 
spring  molting  period  was  5  February- 10 
April  1998. 

We  used  Kruskal- Wallis  one-way  ANOVA 
(PROC  NPAR1  WAY;  SAS  Institute  Inc, 
1999)  to  investigate  seasonal  variation  in  diet 
of  males  and  females.  We  used  Dunn’s  Mul¬ 
tiple  Comparisons  Test  (SAS  Institute  Inc. 
1999)  to  examine  any  seasonal  differences. 
We  used  Mann- Whitney  U-tests  to  compare 
diets  between  males  and  females  within  each 
season. 

RESULTS 

Sixteen  of  39  females  and  16  of  30  males 
contained  food  in  their  upper  digestive  tract 
during  fall.  Only  19  of  95  females  and  11  of 
64  males  contained  food  in  their  UDT  in  win¬ 
ter.  The  proportion  of  birds  with  ingesta  in¬ 
creased  in  spring  with  26  of  86  females  and 
17  of  58  males  containing  food  in  their  UDT. 
Proportions  of  male  and  female  snipe  contain¬ 
ing  food  were  highest  throughout  spring  mi¬ 
gration  (16  Mar-10  Apr),  with  21  of  41  fe¬ 
males  and  11  of  17  males  containing  food  in 
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their  UDT.  Diets  of  Wilson’s  Snipe  included 
foods  from  1 1  invertebrate  families,  one  in¬ 
vertebrate  class,  one  vertebrate  species,  and 
eight  plant  genera  (Table  1 ).  Snipe  fed  pri¬ 
marily  on  animal  foods,  which  represented 
>73%  of  the  dry  mass  of  the  diet  throughout 
the  non-breeding  period  (Table  1).  Ninety-one 
percent  of  all  snipe  that  contained  food  in 
their  UDT  consumed  animal  foods. 

Oligochaetes  (earthworms)  were  the  primary 
food  item  of  Wilson’s  Snipe,  representing  from 
33.1  to  67.3%  of  the  dry  mass  of  the  diet  over 
the  entire  non-breeding  period  (Table  1).  There 
were  seasonal  differences  in  Oligochaete  con¬ 
sumption  (H  =  6.08,  df  =  2,  P  =  0.048).  The 
diet  of  male  and  female  snipe  contained  similar 
proportions  of  Oligochaetes  during  fall  and 
spring  but,  during  winter,  earthworms  comprised 
63.4%  of  the  total  food  mass  of  males,  com¬ 
pared  to  only  38.3%  for  females  (Table  1).  Ol¬ 
igochaetes  comprised  a  greater  proportion  of  the 
diet  of  both  males  and  females  during  fall  than 
during  spring  (P  =  0.021). 

Aquatic  insects  represented  12.4—35%  of 
the  diet  of  male  and  female  Wilson’s  Snipe. 
Coleoptera  (i.e.,  Hydrophilidae  larvae  and  un¬ 
identified  adult  parts),  Diptera  larvae  (i.e., 
Ceratopogonidae,  Chironomidae,  Culicidae, 
and  Tipulidae),  and  Hemiptera  were  the  most 
frequently  eaten  aquatic  insects  by  male  and 
female  snipe  (Table  1 ).  There  were  seasonal 
differences  in  the  amount  of  aquatic  insects 
consumed  (H  =  10.96,  df  =  2,  P  =  0.004), 
with  both  males  and  females  increasing  their 
consumption  during  spring.  The  combined  dry 
mass  of  Coleoptera,  Diptera,  and  Ephemer- 
optera  in  spring  represented  33%  of  the  diet 
for  females  and  35%  for  males,  which  ap¬ 
proximated  the  dry  mass  of  Oligochaetes  in 
the  diet  during  this  period  (Table  1 ).  Male  and 
female  snipe  consumed  dipteran  larvae  most 
often  during  spring  (P  =  0.056). 

Crustaceans  were  ingested  almost  exclu¬ 
sively  by  female  snipe  with  males  consuming 
only  trace  amounts  (i.e.,  <1%)  of  isopods  dur¬ 
ing  winter  and  spring  (Table  1).  Females  con¬ 
sumed  amphipods  and  isopods  only  during 
winter  and  spring  (Table  1).  We  found  no 
crustaceans  in  the  UDT  of  any  individuals 
during  fall,  and  females  ate  decopods  only 
during  spring  (Table  1). 

The  remaining  animal  foods  consisted  of 
Arachnoidea  (i.e.,  Hydracarina),  mollusks 


(i.e..  Gastropoda  and  Pelecypoda),  one  south¬ 
ern  cricket  frog  ( Acris  gryllus  gryllus),  and 
unidentified  invertebrate  parts  (Table  1).  Only 
females  consumed  Hydracarina  with  the  ma¬ 
jority  being  consumed  during  fall  and  winter. 
Females  consumed  mollusks  during  all  sea¬ 
sons,  while  males  consumed  gastropods  and 
pelecypods  mostly  during  spring  (Table  1). 

Plant  foods  represented  <26.8%  of  the  diet 
and  were  detected  in  <62.5%  of  male  and  fe¬ 
male  Wilson’s  Snipe  throughout  the  non-breed¬ 
ing  period  (Table  1).  Seeds,  particularly  those  of 
Cyperus  spp.,  Eleocharis  spp.,  and  Polygonum 
spp.  were  the  most  frequently  consumed  plant 
foods  (Table  1).  Polygonum  spp.  was  consumed 
almost  exclusively  by  females  and  mostly  dur¬ 
ing  fall  and  winter  (H  =  7.534,  df  =  2,  P  = 
0.023).  Male  snipe  consumed  only  trace 
amounts  of  Polygonum  and  only  during  fall  (Ta¬ 
ble  1).  Plant  parts  (i.e.,  stems  and  leaves)  were 
not  considered  food  items  because  they  usually 
comprised  only  a  trace  of  the  total  plant  dry 
mass  (Table  1 ),  and  were  typically  found  in  as¬ 
sociation  with  other  food  items  suggesting  they 
were  picked  up  incidentally. 

DISCUSSION 

The  proportion  of  Wilson’s  Snipe  .contain¬ 
ing  ingesta  in  their  UDT  was  greatest  during 
fall  and  spring.  These  periods  coincide  with 
molting,  and  protein  demand  may  be  greater 
for  snipe  during  these  periods  (Ankney  1979, 
Murphy  and  King  1982).  Spring  migration  oc¬ 
curred  between  16  March  and  10  April  (Mc- 
Closkey  1999),  and  aggregate  percent  dry 
mass  of  animal  foods  was  greatest  during  this 
time  suggesting  snipe  were  storing  lipid  re¬ 
serves  for  migration.  Much  of  the  southern 
portion  of  the  snipe’s  winter  range  in  the  Unit¬ 
ed  States  is  characterized  by  wet,  but  relative¬ 
ly  warm  weather,  which  results  in  continuous 
periods  of  invertebrate  reproduction  and 
growth  (Merritt  and  Cummins  1996).  If  food 
is  readily  available  and  energy  requirements 
for  thermoregulation  are  relatively  low  in  win¬ 
ter,  snipe  may  alter  their  foraging  strategy  to 
specific  times  of  the  day  or  night.  This  may 
partially  explain  the  lower  proportion  of  our 
sample  that  contained  ingesta  in  their  UDT 
during  winter. 

Female  snipe  consumed  a  wider  variety  of 
invertebrates  than  males  during  winter  with 
crustaceans,  mollusks,  and  arachnids  compris- 


Unidentified  seeds  6.5  0  0  0.3  0  0  18.75  0  0  12.5  0  0 

Plant  parts  0.3  0.2  0.8  0.1  1.2  0.6  25  10.5  19.2  18.75  27.3  17.6 

Total  plant  18.6  26.8  9.7  -15.2  16  13.8  56.25  47.4  42.3  62.5  54.5  41.2 
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ing  9.6,  5.9,  and  2.1%  of  their  diet,  respec¬ 
tively.  These  food  items  were  essentially  ab¬ 
sent  from  the  diet  of  males  during  winter. 
These  apparent  differences  in  invertebrate  use 
between  male  and  female  Wilson’s  Snipe  dur¬ 
ing  winter  may  be  related  to  differential  par¬ 
titioning  of  winter  habitats  (McCloskey  and 
Thompson  2000). 

Fall  rains  flood  marshes  and  probably  ben¬ 
efit  earthworms  initially,  which  may  explain 
why  earthworms  were  more  common  in  the 
diet  of  snipe  during  fall.  However,  continued 
flooding  and  subsequent  drying  of  soils  can 
increase  salinity  levels,  which  can  limit  earth¬ 
worm  populations  (Curry  1998).  While  earth¬ 
worms  were  the  predominant  food  of  snipe 
during  fall  and  winter,  aquatic  insects  became 
equally  important  in  their  diet  during  spring. 
Emergence  of  aquatic  insects  is  synchronized 
primarily  by  water  availability,  temperature, 
and  oxygen  levels  (Merritt  and  Cummins 
1996),  and  may  explain  their  increased  inges¬ 
tion  during  spring.  Increased  availability  of 
aquatic  insects  may  allow  snipe  to  obtain  nu¬ 
trient  stores  required  for  spring  migration 
without  expending  as  much  energy. 

Previous  studies  on  the  diet  of  wintering  Wil¬ 
son’s  Snipe  reported  high  frequency  of  occur¬ 
rence  of  seeds,  but  most  discounted  their  im¬ 
portance  suggesting  seeds  were  ingested  inci¬ 
dentally  while  probing  for  invertebrates  (Erick¬ 
son  1941,  Whitehead  1965,  White  and  Harris 
1966,  Owens  1967,  Booth  1968,  Jirovec  1971, 
Tuck  1972).  Fritzell  et  al.  (1979)  also  discounted 
the  importance  of  seeds,  suggesting  they  were 
ingested  incidentally,  remained  relatively  un¬ 
changed  during  digestion,  or  would  eventually 
be  regurgitated.  However,  we  found  UDT  con¬ 
tents  of  nine  snipe  to  be  comprised  solely  of 
seeds.  Booth  (1968)  found  over  45,000  seeds  of 
48  plant  species  in  gizzards  of  260  wintering 
snipe  collected  in  Louisiana.  Although  animal 
foods  clearly  dominate  the  diet  of  wintering 
snipe,  seeds  may  be  an  important  source  of  car¬ 
bohydrates  and  may  be  more  than  just  inciden¬ 
tally  consumed. 

Wintering  Wilson’s  Snipe  consume  a  vari¬ 
ety  of  plant  and  animal  foods  during  the  non¬ 
breeding  period.  Snipe  spend  ~8  months  of 
the  year  in  wintering  areas  and  the  diversity 
of  food  types  in  these  areas  provide  them  with 
energy  required  for  basal  metabolic  require¬ 
ments,  daily  activity,  molt,  thermoregulation 


during  cold  spells,  and  migration  in  spring. 
Snipe  use  a  variety  of  habitats  on  wintering 
areas  that  are  both  permanent  and  ephemeral 
in  nature  (Arnold  1994),  which  can  affect  the 
distribution  and  abundance  of  invertebrates 
throughout  the  non-breeding  period.  Thus, 
snipe  need  a  diversity  of  habitat  types  in  win¬ 
tering  areas.  These  habitats  should  contain 
moist  soils  and  provide  a  diversity  of  plant 
and  animal  foods.  The  ability  to  identify  and 
maintain  potential  snipe  habitat  will  become 
increasingly  important  with  continuing  wet¬ 
land  loss  along  the  Gulf  Coast  of  Texas 
(Moulton  et  al.  1997). 
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An  Overlooked  Cost  for  the  Velvety  Plumage  of  Owls: 
Entanglement  in  Adhesive  Vegetation 

Airam  Rodriguez,1'5  Felipe  Siverio,2  Ruben  Barone,3  Beneharo  Rodriguez,4 

and  Juan  J.  Negro1 


ABSTRACT. — We  used  data  collected  during  1995- 
2007  at  the  only  Wildlife  Rehabilitation  Center  on 
Tenerife  Island  (Canary  Islands)  to  quantify  entangle¬ 
ment  mortality  of  owls.  At  least  66  of  1,206  Long¬ 
eared  ( Asio  otus)  and  5  of  231  Bam  (Tyto  alba)  owls 
admitted  to  the  Wildlife  Rehabilitation  Center  were  en¬ 
tangled  in  burr  bristlegrass  ( Setaria  adhaerens). 
Twelve  (18.2%)  of  the  66  Long-eared  Owls  died  as  a 
result  of  entanglement  while  one  of  five  Barn  Owls 
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died.  A  higher  incidence  of  entanglement  occurred 
during  summer,  coinciding  with  seed-head  ripening 
and  dispersing  recently-fledged  owls.  Velvety  plumage 
may  be  an  important  cost  for  owls,  and  responsible  for 
owls  acting  as  seed  dispersers.  Received  28  June  2008. 
Accepted  14  December  2008. 


Owls  have  evolved  adaptations  to  hunt  in 
poor  light  conditions,  including  frontally  lo¬ 
cated  and  disproportionately  large  eyes  or,  in 
some  species,  an  asymmetrical  placement  of 
the  ear  openings  for  improved  hearing  (del 
Hoyo  et  al.  1999).  Owls  also  have  feathers 
with  traits  which  have  been  considered  as  ad¬ 
aptations  for  silent  flight.  The  main  structural 
feather  adaptations  of  owls  are:  (1)  elongated 
barbs  on  the  leading  edge  at  the  outer  prima- 
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ries,  (2)  a  trailing  edge  on  the  flight  feathers, 
and  (3)  modified  distal  barbules  on  the  dorsal 
surface  of  feathers  (del  Hoyo  et  al.  1999).  The 
last  trait  makes  velvety  plumage  easily  per¬ 
ceived  by  the  unaided  human  eye  (Mikkola 
1983).  This  plumage  is  also  exhibited  by  other 
nocturnal  or  crepuscular  birds,  including 
nightjars  (Order  Caprimulgiformes),  Bat 
Hawk  ( Macheiramphus  alcinus )  (J.  J.  Negro, 
pers.  obs.),  and  Elanus  kites  (Negro  et  al. 
2006).  Silent  flight  permits  owls  to  go  unde¬ 
tected  by  their  prey,  and  improves  their  ability 
to  detect  noises  (Taylor  1994,  del  Hoyo  et  al. 
1999). 

Development  of  velvety  plumage  may  have 
associated  costs,  including  increased  risk  of 
entanglement  in  dense  vegetation  during  hunt¬ 
ing  (Glayre  1959,  Mendelsohn  1983,  Nozer- 
and  1994,  Molnar  1996).  We  describe  mortal¬ 
ity,  caused  by  a  grass  species,  of  the  resident 
owl  community  in  the  Canary  Islands.  Only 
two  species  of  owls  regularly  breed  in  the  Ca¬ 
nary  Islands:  Long-eared  Owl  (Asio  otus )  and 
Barn  Owl  (Tyto  alba). 

Burr  bristlegrass  ( Setaria  adhaerens.  Fam¬ 
ily  Poaceae)  is  an  annual  species,  possibly  na¬ 
tive  in  the  Canary  Islands  (Izquierdo  et  al. 
2004).  It  grows  in  orchards,  abandoned  farm¬ 
lands,  road  ditches,  and  field  margins.  It  flow¬ 
ers  and  dries  during  spring  and  early  summer, 
and  retains  ripe  seed-heads  in  the  dry  plant 
(R.  Mesa,  pers.  comm.).  Ripe  seed-heads  are 
adhesive  and  adapted  to  exozoocore  dispersal. 

OBSERVATIONS 

Owls  admitted  during  1995-2007  were 
identified  by  the  staff  of  the  Wildlife  Reha¬ 
bilitation  Center  “La  Tahonilla,’  (WRC), 
which  annotated  recovery  circumstances.  The 
center  is  in  Tenerife,  the  largest  island  (2,034 
km2  and  3,718  m  of  altitude)  of  the  Canarian 
archipelago  (27°  37'-29°  24'  N,  13°20'-18° 
8'  W),  and  our  data  correspond  to  owls  found 
only  on  this  island. 

At  least  66  (5.5%)  of  1,206  Long-eared  and 
5  (2.2%)  of  231  Barn  owls  admitted  were  en¬ 
tangled  in  S.  adhaerens  plants.  Entanglement 
in  burr  bristlegrass  likely  occurred  when  owls 
were  hunting.  Twelve  of  66  Long-eared  Owls 
(18.2%)  and  one  of  five  Barn  Owls  died  as  a 
result  of  becoming  entangled  in  the  plants. 
Most  entangled  birds  that  were  recovered 
alive  would  have  died  if  not  found  because 


owls  do  not  appear  capable  of  freeing  them¬ 
selves  from  the  plant.  The  highest  incidence 
of  entanglements  occurred  during  summer 
with  the  largest  number  of  reports  in  July  and 
August. 

DISCUSSION 

The  interaction  between  owls  and  a  plant 
adapted  to  exozoocore  dispersal  can  be  a  con¬ 
siderable  cause  of  mortality  in  the  Canary  Is¬ 
lands.  This  factor  has  been  overlooked,  de¬ 
spite  several  published  records,  and  has  not 
been  quantified  in  the  literature.  Entanglement 
of  owls  in  vegetation  appears  to  be  the  result 
of  anthropogenic  perturbations  in  the  Canary 
Islands,  even  though  S.  adhaerens  is  possibly 
a  native  plant  (Izquierdo  et  al.  2004).  Burr 
bristlegrass  is  mainly  associated  with  human- 
affected  landscapes  and  is  almost  absent  in 
natural  areas.  The  highest  densities  of  S.  ad¬ 
haerens  are  in  human-transformed  areas, 
which  is  where  owls  tend  to  become  entan¬ 
gled.  The  temporal  pattern  with  maximum 
values  during  the  summer,  may  be  related  to 
ripening  of  seed-heads,  as  well  as  to  dispersal 
of  fledgling  owls  (age  of  affected  owls  is  not 
available). 

Entanglement  of  birds  with  velvety  plum¬ 
ages  has  been  reported  involving  Long-eared 
Owls,  Barn  Owls,  and  Black-winged  Kites 
{Elanus  caeruleus)  (Glayre  1959.  Mendelsohn 
1983.  Nozerand  1994,  Molnar  1996).  Entan¬ 
glement  as  a  cause  of  mortality  is  not  exclu¬ 
sive  to  birds  with  velvety  plumages.  At  least 
two  instances  involving  Common  Kestrels 
{Falco  tinnunculus)  entangled  in  S.  adhaerens 
in  the  Canary  Islands  are  known  (WRC,  un- 
publ.  data;  J.  Curbelo,  pers.  comm.).  The 
Common  Kestrel  is  the  most  abundant  raptor 
in  the  Canary  Islands,  and  >  1 ,200  have  been 
admitted  to  the  WRC  in  the  study  period. 
Whether  Common  Kestrels  become  entangled 
less  often  than  owls  due  to  different  plumage 
characteristics  or  due  to  different  micro-habi¬ 
tat  use  remains  unknown. 

It  is  possible  that  some  owls  escape  un¬ 
scathed  from  contact  with  S.  adhaerens,  but 
seeds  of  this  species  may  become  affixed  to 
their  plumage  and  transported  elsewhere.  This 
interaction  implies  a  new  ecological  role  for 
owls  as  exozoocore  seed  dispersers. 
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Aggressive  Response  of  Adult  Bobolinks  to  Neck  Ligatures  on  Nestlings 

Lynn  R  Little,12  Allan  M.  Strong,1 2 3’5  and  Noah  G.  Perlut4 


ABSTRACT. — We  monitored  provisioning  behavior 
at  18  Bobolink  ( Dolichonyx  oryzivorus)  nests  during 
240.5  min  of  videotape  data  from  June  to  July  2006, 
and  observed  64  nest  visits  by  adults  while  nestlings 
were  fitted  with  neck  ligatures.  Adults  pecked  or 
pulled  at  the  ligatures,  often  aggressively,  at  72%  of 
nests  (n  =  18)  and  52%  of  visits  (n  =  64).  These 
behavioral  responses  by  adults  indicate  the  neck  liga¬ 
ture  technique  is  more  invasive  than  previously  be¬ 
lieved.  We  documented  no  mortality  as  a  result  of  lig¬ 
ature  placement,  but  researchers  should  minimize  the 
time  that  ligatures  are  in  place  to  reduce  stress  to  both 
parents  and  nestlings.  Received  8  September  2008.  Ac¬ 
cepted  30  January  2009. 
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Quantitative  assessments. of  avian  diets  may 
be  critical  for  evaluating  habitat  quality.  How¬ 
ever,  methods  used  to  quantify  avian  diets 
have  associated  biases  and/or  shortcomings  as 
most  studies  require  techniques  tailored  to, 
specific  studies  and  hypotheses  (Rosenberg 
and  Cooper  1990).  Neck  ligatures  have  been 
used  to  quantify  diets  of  nestling  birds  as  this 
technique  allows  collection  of  prey  items  prior 
to  onset  of  digestion.  Modifications  have  been 
suggested  to  improve  ligature  function  and 
minimize  negative  effects  on  nestlings.  For 
example,  Johnson  et  al.  (1980)  described  ab¬ 
normal  behavior  of  nestlings  after  leaving  lig¬ 
atures  in  place  for  1  hr  and  suggested  that  col¬ 
lection  of  prey  immediately  after  each  parental 
visit  would  minimize  biases.  Further,  Mellott 
and  Woods  (1993)  found  that  cable  ties  sim¬ 
plified  ligature  placement  compared  to  coated 
wire,  especially  when  used  by  untrained  per¬ 
sonnel. 

Neck  ligatures  are  considered  an  invasive 
technique  (Rosenberg  and  Cooper  1990,  Poul- 
sen  and  Aebischer  1995),  but  most  studies  ad¬ 
dressing  their  effects  have  focused  on  the  be- 


442 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  2,  June  2009 


havioral  responses  of  nestlings.  We  used  video 
cameras  and  neck  ligatures  simultaneously  in 
a  study  of  nestling  Bobolink  ( Dolichonyx  ory- 
zivorus )  diets.  We  report  on  the  response  of 
adult  Bobolinks  to  placement  of  neck  ligatures 
on  nestlings. 

METHODS 

Study  Site. — Our  study  was  conducted  dur¬ 
ing  June-July  2006  in  three  hayhelds  in 
Hinesburg,  Shelburne,  and  Charlotte,  Chitten¬ 
den  County,  Vermont,  USA.  Bobolinks  breed 
in  hayhelds  and  pastures  throughout  this  ag¬ 
ricultural  region  (Shustack  2004,  Perlut  et  al. 
2006)  and  their  ground  nests  are  relatively 
easy  to  locate. 

Video  and  Ligature  Data  Collection. — Nest 
observations,  video  monitoring,  and  ligature 
sampling  occurred  between  0400  and  1300  hrs 
EST  during  precipitation-free  periods.  A 
small,  wide-angle  “lipstick”  lens  (www. 
helmetcamera.com)  was  mounted  10  cm  from 
the  nest  when  nestlings  reached  6  days  of  age. 
The  lens  was  attached  by  cable  to  an  8-mm 
camcorder  (Sony  DCR-TRV460  Digital8 
Handycam)  placed  2  m  from  the  nest  and  con¬ 
cealed  by  vegetation.  Recording  sessions 
commenced  with  an  initial  45-min  acclimation 
period  during  which  nestlings  were  left  undis¬ 
turbed.  Recording  was  paused  while  neck  lig¬ 
atures  were  placed  on  nestlings  following 
Johnson  et  al.  (1980)  and  subsequent  modifi¬ 
cations  (Mellott  and  Woods  1993).  We  placed 
ligatures  on  a  maximum  of  three  nestlings  per 
nest  using  plastic  cable  ties  (10  cm  length  be¬ 
fore  cutting  off  excess,  2.5  mm  width),  tem¬ 
porarily  removing  any  additional  nestlings  for 
the  remainder  of  the  videotaping  period  (gen¬ 
erally  45  min).  Removal  of  some  of  the  nest¬ 
lings  reduced  the  number  of  nestlings  that 
were  not  fed  by  parents  during  a  feeding  ses¬ 
sion  (adults  were  not  observed  feeding  all 
nestlings  in  a  single  feeding  trip  when  a  nest 
contained  five  or  six  nestlings;  N.  G.  Perlut, 
unpubl.  data)  and  reduced  the  number  of  nest¬ 
lings  that  would  be  exposed  to  any  potential 
stress  during  the  ligature  process.  We  attempt¬ 
ed  to  remove  ligatures  and  collect  diet  sam¬ 
ples  from  the  nestlings  as  soon  as  we  ob¬ 
served  the  adults  return  to  the  nest  with  food. 
Prolonged  use  of  ligatures  can  induce  abnor¬ 
mal  swallowing  and  gaping  behavior  in  nest¬ 
lings,  which  leads  to  the  redistribution  of  prey 


items  among  nestlings  by  adults  (Johnson  et 
al.  1980). 

RESULTS 

We  monitored  18  Bobolink  nests  during 
240.5  min  of  videotape  data.  We  applied  neck 
ligatures  to  50  nestlings,  and  successfully  col¬ 
lected  99  prey  items  from  28  of  those  nest¬ 
lings.  No  nestling  mortality  occurred  while 
nests  were  videotaped.  Leaf  hoppers  (27.3% 
based  on  numerical  abundance),  holometabo- 
lous  larvae  (24.2%),  grasshoppers  (16.2%), 
mayflies  (8.1%),  spiders  (7.1%),  and  moths 
(5.1%)  were  the  most  common  prey  types  fed 
to  nestlings.  Mean  ±  SD  prey  length  was  14.5 
±  10.2  mm  with  17%  of  prey  items  delivered 
>25  mm.  Sixteen  of  the  18  nests  were  suc¬ 
cessful  with  56  nestlings  fledged. 

We  observed  64  nest  visits  by  adults  while 
nestlings  were  fitted  with  ligatures.  Seventy- 
two  percent  of  visits  were  by  females  and 
28%  by  males.  On  average,  females  and  males 
visited  nests  2.6  and  1 .0  times,  respectively 
while  ligatures  were  in  place  (~45  min). 
Adults  pecked  at  ligatures  of  nestlings  in  13 
of  18  nests  (72%)  and  in  33  of  64  (52%)  vis¬ 
its.  They  directed  pecks  at  more  than  one  nest¬ 
ling  in  70%  of  the  visits  during  which  adults 
pecked  at  the  ligatures.  Females  had  a  greater 
propensity  to  peck  at  ligatures  with  59%  of  all 
female  visits  eliciting  pecks  to  ligatures  com¬ 
pared  to  33%  of  all  male  visits.  The  first  adult 
to  return  to  the  nest  pecked  at  the  ligatures  in 
12  of  13  nests  in  which  adults  pecked  at  lig¬ 
atures.  There  was  no  indication  that  probabil¬ 
ity  of  pecking  changed  across  the  time  period 
ligatures  were  in  place  (logisitic  regression,  x2 

=  1.68,  df  =  1,  P  =  0.20). 

Adults  generally  pecked  at  the  thin  band  of 
the  cable  tie.  In  these  cases,  the-  adults  ap¬ 
peared  to  be  assessing  whether  or  not  the  lig¬ 
ature  could  be  easily  removed  from  the 
chicks.  Adults  also  grasped  and  pulled  at  the 
bulkier  locking  mechanism  of  the  cable  tie 
with  the  appearance  that  removal  was  the 
goal.  Parents  were  notably  aggressive  in  about 
half  of  the  nests  in  their  attempts  to  remove 
the  ligatures,  grasping  the  ligature  and  forc¬ 
ibly  pulling  the  nestlings’  heads  upwards  or 
sideways.  In  one  instance,  a  female  inspected, 
grasped,  and  pulled  at  a  nestling’s  ligature  for 
30  sec.  No  aggressive  actions  toward  nestlings 
were  noted  when  ligatures  were  not  present 
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on  nestlings  based  on  video  data  prior  to  lig¬ 
ature  placement  and  a  few  tapes  which  we  left 
running  after  the  ligature  sessions.  One  female 
visually  inspected  her  nestling’s  throats  upon 
her  first  visit  to  the  nest  —20  min  after  re¬ 
moval  of  the  ligatures. 

DISCUSSION 

Use  of  neck  ligatures  has  been  shown  to 
provide  quality  dietary  data  for  nestling  birds 
(Orians  1966,  Martin  et  al.  2000,  Clotfelter  et 
al.  2007).  Our  data  support  these  results  as  we 
were  able  to  collect  a  relatively  large  sample 
of  prey  items  over  a  short  period  of  time.  Prey 
length  data  suggest  that  adults  did  not  adjust 
the  si/e  of  prey  items  brought  to  nestlings 
with  ligatures.  However,  we  do  not  have  ad¬ 
equate  control  data  (nestlings  without  liga¬ 
tures)  for  a  quantitative  comparison. 

Our  data  show  that  undesirable  behavioral 
responses  to  ligatures  are  not  restricted  to 
nestlings.  The  strong  and  consistent  response 
of  adults  to  ligatures  suggests  this  technique 
elicits  stress  that  was  not  previously  docu¬ 
mented.  Attempts  by  female  Red-winged 
Blackbirds  ( Agelaius  phoeniceus)  to  remove 
pipe  cleaner  ligatures  have  been  documented, 
but  no  behavioral  data  were  provided  (Rob¬ 
ertson  1966).  Our  results  indicate  that  Bobo¬ 
links  are  strongly  attuned  to  the  appearance  of 
their  nestlings  and,  in  most  cases,  neck  liga¬ 
tures  trigger  a  response  upon  the  first  visit  to 
the  nest.  Females  in  our  sample  were  more 
likely  to  attempt  to  remove  ligatures  than 
males  (but  also  made  more  nest  visits).  Ap¬ 
proximately  half  of  the  attempts  to  remove  the 
ligatures  were  aggressive  with  parents  lifting 
and/or  dragging  nestlings  by  the  ligature. 
These  responses  indicate  the  neck  ligature 
technique  is  more  invasive  than  previously  be¬ 
lieved.  Comparable  data  from  other  species 
would  be  useful  to  better  address  the  gener¬ 
ality  of  our  findings. 

Gaunt  and  Oring  (1999)  noted  the  potential 
for  changes  in  blood  circulation,  tracheal 
function,  and  food  delivery  rates  with  use  of 
neck  ligatures.  Our  data  suggest  there  may  be 
additional  stress  to  nestlings  beyond  physical 
placement  of  the  ligatures.  The  majority  of 
nest  visits  by  adults  included  pecking  or  pull¬ 
ing  at  neck  ligatures  and  there  was  no  indi¬ 
cation  that  adults  became  habituated  to  the 
presence  of  ligatures.  Neck  ligatures  remain  a 


relatively  safe,  inexpensive,  and  informative 
method,  but  do  present  welfare  concerns.  In¬ 
vestigation  into  the  efficacy  of  less-invasive 
alternatives  such  as  videography  should  be 
conducted,  especially  when  working  with  rare 
and  declining  species.  We  documented  no 
mortality  as  a  result  of  ligature  placement,  but 
researchers  should  minimize  the  time  that  lig¬ 
atures  are  in  place  to  reduce  stress  to  both 
parents  and  nestlings. 
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ON  THE  WINGS  OF  CRANES:  LARRY 
WALKINSHAW’S'LIFE  STORY.  By  Lowell 
M.  Schake.  James  R.  Walkinshaw,  Editor. 
iUniverse  Inc.,  New  York  and  Bloomington, 
Indiana,  USA.  2008:  339  pages  and  24  pho¬ 
tographs.  ISBN:  978-0-595-48497-3.  $24.95 
(paper). — Lawrence  Harvey  Walkinshaw, 
28th  president  of  the  Wilson  Ornithological 
Society  (1958-1960),  was  an  important  par¬ 
ticipant  in  Michigan’s  ornithological  Golden 
Age.  For  a  long  stretch  of  years  in  the  mid- 
Twentieth  century,  an  unusual  concentration 
of  bird  students  in  the  state  produced  a  re¬ 
markable  body  of  work.  Many  of  these  were 
professional  ornithologists  at  universities,  col¬ 
leges,  and  the  state  Conservation  Department, 
but  Michigan  also  had  a  host  of  amateur  or¬ 
nithologists  making  worthwhile  contributions. 
Although  they  made  their  living  at  something 
else,  their  interest  in  birds  lay  somewhere  be¬ 
tween  strong  and  all-consuming. 

Larry  Walkinshaw,  by  occupation  a  dentist, 
was  one  of  these.  A  clue  to  where  along  the 
spectrum  he  fit  is  shown  by  his  marriage  pro¬ 
posal.  “Clara,”  he  asked  the  woman  who 
would  become  his  wife,  “Do  you  think  you 
can  love  birds  as  much  as  I  do?”  It  turned  out 
that  she  couldn’t,  quite,  but  the  marriage  last¬ 
ed  61  years,  until  Larry’s  death. 

Several  professional  ornithologists  were 
willing  to  help  amateurs  become  involved  in 
research  and  who  were  also  willing  to  have  a 
role  in  the  Michigan  Audubon  Society  (found¬ 
ed  the  same  year  Walkinshaw  was  born, 
1904).  The  MAS  journal,  the  Jack-Pine  War¬ 
bler,  was  for  many  years  an  important  publi¬ 
cation  outlet  for  field-related  articles  by  both 
professionals  and  amateurs. 

During  dental  school  at  the  University  of 
Michigan,  Walkinshaw  spent  a  lot  of  time  in  the 
Museum's  Bird  Division,  chatting  with  Assis¬ 
tant  Curator  Josselyn  Van  Tyne  (2  years  older 
than  Walkinshaw)  and,  of  course,  also  birding 
in  the  local  fields  and  marshes.  After  graduation 
in  1929,  Walkinshaw  set  up  his  practice  in  the 
city  of  Battle  Creek,  not  many  miles  from  his 
place  of  birth  in  rural  Calhoun  County. 

From  the  large  amounts  of  time  Walkin¬ 


shaw  spent  throughout  the  rest  of  his  life  mak¬ 
ing  detailed  observations  on  the  breeding  bi¬ 
ology  of  a  variety  of  birds,  one  might  jump  to 
the  conclusion  that  he  slighted  his  dental  prac¬ 
tice.  This  was  not  the  case.  Rather,  his  daily 
routine  was  to  get  up  before  dawn  for  his  field 
work,  put  in  a  full  day’s  work  at  his  dental 
office,  and  return  to  the  field  or  work  on  man¬ 
uscripts  after  dinner.  In  Walkinshaw’s  obituary 
in  Auk,  Harold  Mayfield  spoke  of  Larry’s  pro¬ 
digious  energy  and  determination.  Mayfield 
was  another  amateur  protege  of  Van  Tyne  and 
failed  being  a  Michigander  only  by  the  tech¬ 
nicality  of  living  in  Toledo,  Ohio. 

This  book  was  written  by  the  husband  of 
Walkinshaw’s  daughter,  Wendy.  Schake  is  a 
retired  professor  of  Food  and  Animal  Science 
at  Texas  A&M  University.  Editorial  help  was 
provided  by  Walkinshaw’s  son,  James,  a  re¬ 
tired  General  Motors  engineer.  The  family  un¬ 
derstood  the  great  value  of  the  elder  Walkin¬ 
shaw’s  work  and  felt  that  it  was  not  as  widely 
recognized  as  it  deserved.  The  book  gives  a 
rounded  picture  of  Walkinshaw,  but  the  major 
thrust  is  documenting  his  accomplishments  re¬ 
lated  to  birds  and  bird  conservation. 

The  first  of  the  book’s  five  sections  is  a  de¬ 
scription  of  Walkinshaw’s  early  life.  He  began 
keeping  track  of  the  local  birds  around  the  age 
of  twelve,  using  Chester  A.  Reed’s  bird 
guides,  but  not  until  1930  did  he  get  his  first 
pair  of  binoculars,  a  loan  from  Harry  Hann. 
In  August  the  same  year,  he  first  observed 
Sandhill  Cranes  ( Grus  canadensis)  in  the 
“Big  Marsh”  in  Convis  Township.  The  fol¬ 
lowing  May,  he  visited  Crawford  County,  in 
the  middle  of  the  northern  part  of  Michigan’s 
Lower  Peninsula,  heard  the  song  of  the  Kirt- 
land’s  Warbler  ( Dendroica  kirtlandii),  saw  a 
female  carrying  nesting  material,  and  by 
crawling  on  his  belly  through  the  dense  jack 
pine  (Pinus  banksiana)  growth  found  his  first 
Kirtland’s  Warbler  nest.  Much  of  his  future 
path  in  ornithology  was  set  during  this  10- 
month  period  from  August  1930  to  May  1931. 

The  second  part  of  the  book  covers  1941  to 
1958.  Although  Walkinshaw  had  banded  his- 
and  the  world’s— first  Kirtland’s  Warbler  in 
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1932,  during  the  1940s  he  focused  on  Sandhill 
Cranes.  His  efforts  as  chairman  of  a  new 
Michigan  Audubon  Society  sanctuary  com¬ 
mittee  led  to  the  preservation  in  1941  of  491 
acres  (—199  ha)  of  crane  habitat  in  the  Big 
Marsh.  Named  Baker  Sanctuary,  the  preserve 
has  since  grown  to  898  acres  (—363  ha). 
Walkinshaw’s  crane  observations  in  Michigan 
and  elsewhere  led  in  1949  to  his  first  book. 
The  Sandhill  Cranes ,  published  by  the  Cran- 
brook  Institute  of  Science. 

Although  the  Sandhill  Crane  was  his  main 
focus,  Walkinshaw  was  also  making  detailed 
observations  on  the  breeding  biology  of  Field 
Sparrows  ( Spizella  pusilla ),  mostly  before  his 
first  dental  appointments  at  8  AM.  The  obser¬ 
vations  began  in  1937,  when  the  Walkinshaw 
family  moved  to  a  new  plat  across  the  road 
from  a  large  abandoned  field,  and  ended  in 
1948  as  the  field  began  to  fill  with  houses  in 
the  post- World  War  II  housing  boom.  The  full 
study  was  not  published  until  1978,  although 
Walkinshaw’s  observations  were  the  main 
source  for  his  Field  Sparrow  account  in  the 
Fringillidae  volume  of  the  Bent  Life  History 
series  (published  in  1968). 

By  the  late  1940s,  Walkinshaw  was  also 
heavily  involved  in  efforts  to  find  the  nesting 
areas  of  Whooping  Cranes  ( Grus  americana ) 
and  then  in  planning  recovery  efforts. 

The  third  part  of  the  book,  1959-1972,  is 
chiefly  concerned  with  Walkinshaw’s  efforts 
to  produce  a  comprehensive  monograph  on 
the  cranes  of  the  world.  The  closest  approach 
to  a  monograph  was  a  slim  1897  volume  by 
F.  E.  Blaauw,  published  in  an  edition  of  170 
copies  primarily  for  its  colored  plates  of 
cranes  in  the  Amsterdam  Zoo.  Besides  the 
necessary  work  in  museums  and  libraries, 
Walkinshaw  set  himself  the  task  of  studying 
all  15  crane  species  in  the  field.  This  section 
of  the  book  describes  his  travels— like  most  of 
his  ornithological  work  self-arranged  and  self- 
financed— to  Africa,  Western  Europe,  India, 
Thailand,  Hong  Kong,  Japan,  and  Australia. 
He  managed  to  make  observations,  often  in¬ 
cluding  detailed  breeding  studies,  of  all  but 
one  of  the  15  crane  species  of  the  world.  The 
missing  species  was  the  Black-necked  Crane 
( Grus  nigricollis ),  which  nests  at  high  alti¬ 
tudes  and  winters  at  slightly  lower  altitudes, 
mostly  in  China. 

The  fourth  part  of  the  book  concentrates  on 


Walkinshaw’s  Kirtland’s  Warbler  studies.  He 
had  largely  suspended  work  on  this  species  for 
a  good  many  years,  deferring  to  Van  Tyne  and 
Mayfield  and  their  collaborators.  After  Van 
Tyne’s  untimely  death  in  1957,  Mayfield  had 
summarized  their  studies  in  a  1 960  Cranbrook 
Institute  of  Science  book.  Walkinshaw  re¬ 
sumed  work  on  the  warbler  in  1966.  After 
winding  up  his  dental  practice  in  1968  and 
concluding  his  world  crane  travels,  he  was 
able  to  devote  a  few  hundred  hours  per  breed¬ 
ing  season  netting,  banding,  and  observing 
nesting  Kirtland’s  Warblers.  His  data,  cover¬ 
ing  a  16-year  span  on  populations  in  which  a 
high  percentage  of  birds  were  banded-nearly 
all  by  himself-allowed  analyses  that  are  pos¬ 
sible  for  only  a  few  species. 

Part  five  of  the  book  deals  with  the  late 
1980s  and  1990s  and  provides  a  summing  up 
and  some  evaluation  of  Walkinshaw’s  contri¬ 
butions. 

Most  of  us,  I  suspect,  know  one  or  several 
bird  enthusiasts  who  are  well  versed  in  bird 
identification  by  sight  and  sound,  and  occur¬ 
rence  by  geography,  habitat,  and  season.  They 
spend  hours  afield  every  week  in  birding  hot¬ 
spots  of  their  state  or  continent  or  the  world. 
How  was  Walkinshaw  different  from  these 
skilled  and  knowledgeable  birders?  He  was 
primarily  interested  in  making  accurate  obser¬ 
vations  on  the  life  activities  of  birds,  which 
he  recorded  in  detailed,  scrupulously  kept 
field  notes.  Beyond  that,  he  was  as  dedicated 
as  any  professional  to  getting  his  information 
summarized  and  into  print. 

A  list  of  Walkinshaw’s  publications  in  Ap¬ 
pendix  A  gives  nine  books  and  —330  journal 
articles,  chapters,  etc.  His  first  publication  was 
the  Battle  Creek  Christmas  Count  in  Bird-Lore 
for  1924.  Among  his  last  were  eight  species  ac¬ 
counts  in  the  The  Atlas  of  Breeding  Birds  of 
Michigan  (1991).  Perhaps  200  of  the  publica¬ 
tions  are  substantive,  mostly  in  the  Wilson  Bul¬ 
letin,  Auk,  Bird-handing,  Condor,  Ibis ,  and  other 
national  journals  or  the  Jack-Pine  Warbler  and 
other  state  and  regional  journals. 

Much  of  the  time  that  Walkinshaw  was  not 
in  the  field,  he  was  working  on  manuscripts. 
Clara  complained  she  went  to  sleep  in  the  even¬ 
ing  and  woke  up  in  the  morning  to  the  sound 
of  Larry’s  typewriter.  Despite  a  great  deal  of 
application  and  Van  Tyne’s  tutelage,  Walkin¬ 
shaw  was,  nevertheless,  not  an  accomplished 
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writer.  Some  of  his  papers,  probably  many  of 
them,  represent  collaborations  between  Walkin- 
shaw  and  an  editor  or  reviewer  who,  recogniz¬ 
ing  the  great  value  of  the  material,  provided 
more-than-customary  help  in  revision. 

Because  of  Walkinshaw’s  overriding  desire 
to  make  his  material  available  to  others,  he 
perhaps  felt  rejections,  requests  for  extensive 
revision,  and  delays  even  more  keenly  than 
most  of  us.  Cranes  of  the  World  was  pub¬ 
lished  4  years  later  than  Walkinshaw  had 
hoped  with  many  omissions  of  maps,  photo¬ 
graphs,  and  literature  citations,  and  no  index. 
Reproduction  of  the  color  photographs  was 
poor,  which  was  unfortunate.  Walkinshaw  was 
an  assiduous,  highly  professional  photogra¬ 
pher  whose  photos  of  birds  at  the  nest  are  sec¬ 
ond  to  none. 

No  less  irritating  were  Walkinshaw’s  expe¬ 
riences  with  Kirtland’s  Warbler:  The  Natural 
History  of  an  Endangered  Species.  It  had  been 
submitted  to  the  AOU’s  Ornithological  Mono¬ 
graph  series  in  1976  and  was  eventually  pub¬ 
lished  by  the  Cranbrook  Institute  of  Science 
in  1983.  We  get  some  hint  of  the  delays  from 
the  date  of  Robert  W.  Storer’s  preface — June 
1979.  Its  tortuous  path  to  publication  is  de¬ 
scribed  in  the  book. 

For  later  book-length  manuscripts,  Walkin¬ 
shaw  decided  that  his  material  deserved  a  more 
direct  route  to  print.  Beginning  with  his  1978 
manuscript  on  the  birds  of  the  Battle  Creek  area, 
he  published  his  last  five  books  through  Ann 
Arbor’s  University  Microfilms  (Appendix  A 
provides  order  numbers,  a  useful  feature  judging 
from  my  lack  of  success  in  navigating  the  Uni¬ 
versity  Microfilms  web  site). 

On  the  Wings  of  Cranes  was  enjoyable 
reading.  It  tells  us  a  great  deal  about  Larry 
Walkinshaw’s  role  in  the  recovery  of  the 
Sandhill  Crane  from  rarity,  and  of  the  Whoop¬ 
ing  Crane  and  Kirtland's  Warbler  from  near 
extinction.  It  describes  the  field  methods  of 
someone  whose  abilities  to  find  nests  and  op¬ 
erate  efficiently  in  difficult  terrain  (among 
clouds  of  blackflies  and  mosquitos)  were  un¬ 
excelled.  It’s  a  portrait  of  a  gentle  and  patient 
man  who  accomplished  much  as  an  ornithol¬ 
ogist  while  at  the  same  time  serving  his  com¬ 
munity  as  a  well-respected  dentist.  Perhaps  as 
important  as  anything  is  what  it  has  to  say 
about  the  role  of  the  amateur  in  science,  the 
interactions  that  are  possible,  what  can  be  ac¬ 


complished,  and  what  is  hard  or  impossible.  I 
thank  Raymond  J.  Adams  Jr.  for  comments  on 
this  review. — RICHARD  BREWER,  Professor 
Emeritus,  Western  Michigan  University,  2550 
North  Fifth  Street,  Kalamazoo,  MI  49009, 
USA;  e-mail:  richarddbrewer@gmail.com 


CONTRIBUTIONS  TO  THE  HISTORY 
OF  AUSTRALASIAN  ORNITHOLOGY.  Ed¬ 
ited  by  William  E.  Davis  Jr.,  Harry  F.  Recher, 
Walter  E.  Boles,  and  Jerome  A.  Jackson.  Nut- 
tall  Ornithological  Club,  Cambridge,  Massa¬ 
chusetts,  USA.  2008:  vii  +  481  pages.  ISBN: 
1-877973-43-2.  $50.00  (hardbound  only). — 
This  volume  on  the  history  of  ornithology  in 
Australasia  is  an  outgrowth  of,  and  published 
concurrently  with,  continuing  volumes  on  the 
history  of  North  American  ornithology.  Like 
the  North  American  volumes,  it  presents  a 
wide-ranging  series  of  topics  written  by  peo¬ 
ple  closely  involved  with  the  institutions  or 
projects  treated.  North  American  audiences 
will  welcome  this  overview. 

The  lead  chapter  by  Clemency  Fisher  is  a 
fascinating  study  of  naturalist  John  Gilbert’s 
years  in  Australia  as  a  collector  with  and  for 
John  Gould.  Gould’s  multi-volume  works  on 
both  birds  (1840—1848)  and  mammals  (1845— 
1863)  of  Australia  are  considered  the  foun¬ 
dation  publications  on  those  animals  for  Aus¬ 
tralia,  and  John  Gilbert’s  collections  provided 
Gould  with  many  of  the  specimens  he  needed 
for  his  publications. 

Fisher  carefully  and  tenaciously  followed 
Gilbert’s  path  through  not  only  relatively  set¬ 
tled  southeastern  Australia  but  also  on  his  pi¬ 
oneering  collecting  trips,  during  which  he  vis¬ 
ited  every  one  of  Australia’s  present  states. 
Using  his  surviving  notebooks  and  numerous 
other  sources,  she  has  traced  what  is  known 
of  his  life  and  collections  and  where  his  sur¬ 
viving  specimens  are  housed  today.  This 
chapter  is  an  outstanding  example  of  impor¬ 
tant  ornithological  detective  work.  Fisher’s 
careful  historical  research  on  early  Australian 
ornithology  and  the  role  of  Gilbert,  an  extraor¬ 
dinary  collector  often  overshadowed  by  his 
flamboyant  employer,  is  a  good  read  and 
worth  the  purchase  price  of  the  entire  volume. 

But  that  is  by  no  means  all  that  this  volume 
offers.  Three  chapters  focus  on  the  ornitho¬ 
logical  side  of  the  history  of  the  Common- 
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wealth  Scientific  and  Industrial  Organization 
(CSIRO).  Ian  Rowley,  well-known  in  the 
United  States  for  his  studies  of  cooperative 
breeding  in  Australian  birds,  focuses  on  the 
history  of  CSIRO  as  a  whole:  Richard  Schod- 
de,  who  for  30  years  was  Curator-in-Charge 
of  the  Australian  Wildlife  Collection  (ANWC) 
until  his  retirement  in  2000,  tells  the  story  of 
that  collection;  and  Leo  Joseph,  now  Curator- 
in-Charge  of  ANWC,  takes  a  look  at  the  fu¬ 
ture  of  systematics  and  biogeography  in  Aus¬ 
tralian  ornithology. 

CSIRO  was  founded  to  pursue  problems  on 
a  nationwide  scale  posed  by  primary  indus¬ 
tries  such  as  agriculture  and  fisheries.  Increas¬ 
ingly  these  studies  developed  into  scientific 
field  studies  of  species  of  birds  and  other  an¬ 
imals,  and  led  to  the  formation  of  the  Division 
of  Wildlife  Research  (DWR)  within  CSIRO. 
Rowley  discusses  the  history  of  DWR  (under 
its  various  names)  related  to  the  periods  head¬ 
ed  by  three  different  Officers-in-Charge.  He 
then  summarizes  the  work  of  26  ornithologists 
employed  by  the  DWR  over  50+  years,  and 
adds  a  short  summary  of  ornithological  work 
by  members  of  other  CSIRO  Divisions  and  by 
visitors  to  DWR  from  overseas. 

This  is  followed  by  a  history  of  the  first  40 
years  of  the  bird  collections  in  the  ANWC  by 
Richard  Schodde,  who  was  associated  with 
ANWC  from  1960  to  2000,  for  30  of  those 
years  as  Curator-in-Charge.  This  is  a  personal, 
warts  and  all,  account  of  personalities,  bureau¬ 
cracy,  underfunding,  doggedly  determined  staff, 
and  ultimately  successful  survival  of  a  true  na¬ 
tional  collection  of  birds  and  other  wildlife. 
Schodde  takes  us  through  the  history  of  putting 
together  a  comprehensive  collecting  regime  and 
carrying  it  to  a  successful  conclusion  despite 
constant  bureaucratic  complications,  and  he 
stresses  the  importance  of  such  comprehensive 
collections  to  enable  work  to  be  done  in  system¬ 
atics  and  biogeography.  The  emphasis  at 
ANWC  has  always  been  to  make  and  house  in 
one  place  a  national  collection,  not  one  scattered 
in  distant  state  museums  or  overseas.  Schodde 
has  given  full  credit  to  his  co-workers,  but  his 
own  part  in  the  eventual  success  of  building  this 
national  collection  is  apparent,  and  one  that  he 
should  look  on  with  great  pride. 

Leo  Joseph  inherited  this  well-curated  and 
comprehensive  collection  when  he  became 
Curator-in-Charge  of  ANWC,  and  he  appre¬ 


ciates  its  importance  for  pursuing  questions  of 
systematics  and  biogeography.  His  chapter  fo¬ 
cuses  on  the  change  from  the  perception  that 
Australian  birds  arrived  from  the  north,  with 
their  evolutionary  ties  to  Asia,  to  the  current 
view  of  a  core  old  endemic  avifauna  that  has 
evolved  in  situ.  He  traces  the  history  of  this 
revolutionary  about-face  and  the  importance 
of  molecular  studies  that  have  provided  evi¬ 
dence  for  it,  and  also  points  out  the  impor¬ 
tance  of  critical  perspectives  that  are  provided 
by  non-molecular  methods  in  systematics  and 
biogeography.  Underfunding  and  understaff¬ 
ing,  a  recurring  theme  in  most  of  these  his¬ 
tories,  continue  to  have  an  effect:  “Aside  from 
ramifications  to  conservation,  this  threatens 
the  full  integration  of  systematics,  biogeog¬ 
raphy,  and  all  other  aspects  of  avian  biology, 
regardless  of  whether  one  considers  collec¬ 
tions  of  dried  skins,  skeletons,  spirit  speci¬ 
mens,  nests,  eggs,  or  tissue  samples  for  DNA 
analysis  ...”  Joseph’s  plea  is  for  an  integra¬ 
tion  of  all  of  the  above  towards  fuller  under¬ 
standing  of  life  on  earth. 

Two  of  the  three  remaining  chapters  are  his¬ 
tories  of  the  Auckland  Museum  by  Brian  Gill 
and  of  the  Western  Australian  Museum  in 
Perth  by  Ron  Johnstone.  They  give  the  reader 
information  on  the  collections  housed  therein 
and  of  the  problems,  usually  related  to  under- 
funding,  that  have  plagued  these  institutions 
over  the  years. 

The  Auckland  Museum,  one  of  four  major 
museums  in  New  Zealand,  was  founded  in 
1 852  shortly  after  New  Zealand  became  a 
Crown  Colony  of  Great  Britain.  Gill  divides 
this  long  history  into  four  phases  and  discuss¬ 
es  ornithologists  associated  with  the  museum 
and  with  accessions  during  each  of  these  phas¬ 
es.  The  museum  now  has  ~13,Q00  bird  spec¬ 
imens  but,  over  the  years,  especially  between 
~1875  and  1905,  many  specimens  of  New 
Zealand  specialties  were  exchanged  with  for¬ 
eign  museums  and  dealers  in  natural  history 
specimens.  It  was  also  an  early  producer  of 
dioramas,  exhibiting  endemic  species  in  their 
environment. 

The  Western  Australian  Museum  was 
founded  in  1892  and  Johnstone’s  account 
treats  various  curators  and  ornithological  col¬ 
lectors  associated  with  the  museum.  It  suf¬ 
fered  a  long  history  of  underfunding,  with  two 
world  wars  and  the  Great  Depression  adding 
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to  its  woes,  and  it  was  not  until  1957  when 
David  Ride  was  appointed  Director  of  the  Mu¬ 
seum  and  Gerlof  Mees  was  appointed  Curator 
of  Vertebrates  that  conditions  began  to  im¬ 
prove.  Mees  conducted  important  field  work 
and  published  widely  on  his  results;  I  would 
have  liked  to  have  seen  more  detail  given  to 
his  contributions.  The  years  from  1963,  when 
Glen  Storr  became  Curator,  to  the  present  with 
Ron  Johnstone  as  Curator  are  recounted  in 
greater  detail. 

The  remaining  chapter  is  an  important  sum¬ 
mary  of  “The  history  of  threatened  birds  in 
Australia  and  its  offshore  islands”  by  Stephen 
T.  Garnett  and  Gabriel  M.  Crowley.  It  begins 
with  a  his'tory  of  threatened  species  in  pre¬ 
human  times,  in  human  time  from  the  arrival 
of  indigenous  people  to  settlement  by  Euro¬ 
peans  in  1788,  and  in  the  period  since  then. 
The  authors  discuss  the  interaction  of  birds, 
environmental  changes,  and  the  changes 
caused  by  human  colonization.  This  last  cat¬ 
egory  is  analyzed  in  50-year  intervals  begin¬ 
ning  in  1750.  A  number  of  leading  conser¬ 
vationists  and  field  workers  involved  in  stud¬ 
ies  of  threatened  species  are  featured,  and  a 
projection  of  future  trends  is  included. 

I  found  very  few  errors,  only  one  of  which 
needs  to  be  noted.  On  page  164,  in  Johnstone’s 
account  concerning  J.  T.  Tunney’s  field  work  in 
Western  Australia,  partly  funded  by  Walter 
Rothschild,  he  correctly  notes  that  part  of  Tun¬ 
ney’s  collection  went  to  Walter  Rothschild,  but 
incorrectly  says  that  the  Rothschild  Collection 
is  now  in  the  Natural  History  Museum  (for¬ 
merly  the  British  Museum  [Natural  History]). 
The  Natural  History  Museum’s  comprehensive 
collection  of  birds  now  is  housed  at  Tring,  the 
former  Rothschild  estate,  but  the  —280,000 
specimens  of  the  Rothschild  Collection  were 
purchased  by  Gertrude  Vanderbilt  Whitney  in 
1932  for  the  American  Museum  of  Natural  His¬ 
tory  and  are  now  housed  in  New  York. 

Each  chapter  in  the  book  is  enhanced  by 
quality  photographs  of  a  great  many  of  the 
people  whose  contributions  tire  discussed. 
Many  of  these  must  have  been  hard  to  come 
by  and  their  inclusion  adds  much  to  the  vol¬ 
ume.  The  editors  as  well  as  the  authors  are  to 
be  commended  for  producing  such  an  inter¬ 
esting  and  informative  volume,  and  I  hope  we 
will  continue  to  see  volumes  in  this  series  on 
Australasian  ornithology. — MARY  LECROY, 


Research  Associate,  Department  of  Ornithol¬ 
ogy,  American  Museum  of  Natural  History, 
Central  Park  West  at  79th  Street,  New  York, 
10024,  USA;  e-mail;  lecroy@amnh.org 


HOW  AND  WHY  SPECIES  MULTIPLY: 
THE  RADIATION  OF  DARWIN’S  FINCH¬ 
ES.  By  Peter  R.  Grant  and  B.  R.  Grant. 
Princeton  University  Press,  Princeton,  New 
Jersey,  USA.  2008:  xix  and  218  pages,  31  col¬ 
or  plates,  58  figures,  3  tables,  442  references. 
ISBN  978-0-691-13360-7.  $35.00  (hard  cov¬ 
er). — The  authors  have  observed  Darwin’s 
finches  in  the  Galapagos  Islands  over  34 
years,  surely  a  record  long-term  field  study  of 
birds.  The  book  describes  their  comprehensive 
field  studies.  The  introduction  presents  four 
theses:  (1)  molecular  biology  traces  the  evo¬ 
lutionary  history  of  species;  (2)  the  finches 
have  evolved  ecological  divergence,  but  this 
has  not  led  to  sterility  between  the  species;  (3) 
hybridization  is  a  source  of  genetic  variation; 
and  (4)  songs  are  signals  of  species  identity. 
The  first  chapters  introduce  the  finches,  their 
habitats  and  foraging  ecology,  and  the  process 
of  evolution  as  observed  in  colonization,  nat¬ 
ural  selection,  and  adaptation.  The  next  chap¬ 
ters  compare  models  of  speciation,  and  eco¬ 
logical  circumstances  of  divergence  in  allop- 
atry  and  coexistence  in  sympatry.  They  dis¬ 
cuss  song,  the  nature  of  a  behavioral  barrier 
to  interbreeding  and  how  it  evolves,  in  part  in 
response  to  ecological  selection  on  bill  size 
and  shape,  and  the  effect  of  bill  size  on  song. 
The  final  chapters  discuss  species  and  speci¬ 
ation  in  these  birds  and  the  process  of  adap¬ 
tive  radiation. 

The  ancestral  finches  colonized  the  islands  2— 
3  MYA.  The  current  species  are  recent:  their 
plumages  are  much  the  same  (black,  gray).  Re¬ 
productive  isolation  of  finch  species  evolved  in 
allopatry.  Small-billed  finches  diversified  into 
large-billed  forms  when  the  islands  became 
more  arid  and  the  birds’  food  seeds  became 
large  and  tough  to  crack.  Although  “speciation 
is  completed  when  members  of  two  diverged 
populations  coexist  in  sympatry  without  inter¬ 
breeding”  (page  29),  this  restriction  is  relaxed 
in  Darwin’s  finches,  which  interbreed  at  a  low 
level  between  sister  species  and  between  less 
closely  related  species,  and  where  genetic  intro- 
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gression  contributes  to  ongoing  adaptive  change 
within  a  species. 

Perhaps  the  most  interesting  parts  of  the 
book  describe  how  we  can  estimate  evolution¬ 
ary  processes  in  time  from  comparisons  of 
ecological  pattern  in  space,  and  how  evolu¬ 
tionary  processes  have  been  observed  in  the 
field.  Variation  in  space  (where  a  species  dif¬ 
fers  from  island  to  island)  often  is  interpreted 
as  evidence  for  evolutionary  change  within 
species  in  time.  Remarkably,  in  Darwin’s 
finches,  evolutionary  changes  were  observed 
directly  across  time.  In  the  best-known  case 
of  natural  selection  in  wild  birds,  a  population 
of  Geospiza  fortis  developed  larger  bills  dur¬ 
ing  drought  years  when  seeds  became  large 
and  tough,  and  smaller  bills  when  rains  came 
and  small  seeds  became  abundant.  Also,  in  1 
year  on  an  island  the  authors  described  two 
ecological  races  of  G.  conirostris  that  differed 
in  song,  lived  on  neighboring  territories,  and 
differed  on  average  in  bill  size  and  feeding 
ecology.  The  observations  suggested  these 
races  might  be  diverging  in  a  process  of  sym- 
patric  speciation  (Grant  and  Grant  1979),  but 
observations  in  later  years  did  not  support  this 
idea:  daughters  did  not  mate  with  males  with 
songs  like  the  song  of  their  fathers.  The  au¬ 
thors  then  reasoned  that  allopatric  divergence 
in  populations  on  different  islands,  rather  than 
sympatric  divergence  of  ecological  races,  was 
the  general  process  of  speciation  in  Darwin’s 
finches.  In  other  observations,  colonization  of 
an  island  (Daphne  Major)  by  G.  magnirostris 
occurred  repeatedly,  from  several  source  is¬ 
lands  as  inferred  from  microsatellite  markers, 
and  these  immigrations  rescued  the  small  first 
colonizing  population  from  a  genetic  bottle¬ 
neck.  Moreover,  episodic  hybridization  and 
introgression  has  been  a  source  of  genetic  var¬ 
iation  within  a  species,  and  both  intrinsic  ge¬ 
netics  and  environmental  contingency  some¬ 
times  give  hybrids  and  their  offspring  an  ad¬ 
vantage.  No  Darwin’s  finches  have  diverged 
to  a  point  where  interbreeding  between  spe¬ 
cies  carries  a  cost  in  development  or  survival 
of  the  offspring.  “Hybridization  can  produce 
new  combinations  or  proportions  of  traits  fast¬ 
er  than  can  be  achieved  by  selection  alone  in 
a  single  isolated  population”  (page  146).  Mor¬ 
phological  and  genetic  convergence  was  ob¬ 
served  over  time  with  introgression  of  G.  for¬ 
tis  genes  into  a  G.  scandens  population.  Song 


is  the  main  isolating  trait  between  species,  and 
song  imprinting  allows  backcrossing  and  in¬ 
trogression  when  young  learn  their  songs  from 
a  father  or  from  a  neighboring  male  of  another 
species.  The  long-term  observations  of  Dar¬ 
win’s  finches  are  the  best  view  we  have  of  the 
importance  of  gene  exchange  and  natural  se¬ 
lection  in  wild  birds. 

The  authors’  treatment  of  finch  species  fol¬ 
lows  the  estimate  of  Lack  (1947),  rather  than 
their  own  estimate  of  phylogeny  based  on  mi¬ 
tochondrial  gene  sequences.  Although  branch¬ 
ing  diagrams  show  monophyly  for  five  of  the 
six  Geospiza  ground  finch  species  in  the  book, 
none  of  the  six  nominal  species  was  recovered 
as  monophyletic  in  the  original  analyses:  in 
Sato  et  al.  (1999)  the  branching  diagram 
showed  all  six  species  as  paraphyletic  for 
these  molecular  markers,  as  noted  by  Zink 
(2002).  “For  simplicity’s  sake”  Sato  et  al.  se¬ 
lected  a  single  individual  of  each  nominal  spe¬ 
cies  in  their  summary  model  diagram  where 
G.  dijficilis  was  shown  as  a  single  lineage. 
The  book  (Figs.  2.1,  5.4)  shows  G.  dijficilis 
as  two  separate  lineages.  This  finch  is  of  spe¬ 
cial  interest:  G.  dijficilis  is  a  highland  form  on 
Santiago,  Fernandina,  and  Pinta,  where  G.  fu- 
liginosa  also  occurs;  and  a  lowland  form  on 
Genovesa,  Wolf,  and  Darwin,  where  G.  fulig- 
inosa  is  absent,  as  Lack  pointed  out  in  his 
classic  case  of  character  divergence  in  bill 
shape  and  habitat  due  to  the  presence  of  a 
competing  species.  However,  in  the  phyloge¬ 
netic  model  these  two  sets  of  “G.  dijficilis ” 
are  not  each  others’  closest  relatives.  The  au¬ 
thors  suggest  the  ground  finches  have  only  re¬ 
cently  differentiated  to  species,  and  species 
boundaries  are  fuzzy  during  the  speciation 
process.  It  appears  that  gene  phylogeny  is 
consistent  with  the  idea  that  birds  of  similar 
phenotype  (for  example,  birds  called  G.  dijfi¬ 
cilis)  originated  independently  on  separate  is¬ 
lands  and  underwent  convergent  selection  for 
bill  size  and  shape.  The  authors’  own  long¬ 
term  observations  showed  finches  have  un¬ 
dergone  rapid  selection  for  bill  size  and  shape, 
and  different  species  have  converged  in  phe¬ 
notype  within  a  single  island.  Perhaps  the 
morphological  “species”  and  their  ecological 
niches  are  repeatedly  re-invented  on  different 
islands  (Zink  2002). 

The  authors  consider  song,  in  addition  to 
their  reference  to  phylogeny,  in  tracing  evo- 
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lutionary  relationships  among  species.  Dar¬ 
win’s  finches  differ  in  song  within  some  pop¬ 
ulations,  within  some  species  on  different  is¬ 
lands,  and  between  species  on  the  same  island 
or  different  islands.  Nominal  G.  difficilis  differ 
in  song  between  the  islands  where  they  live 
in  lowland  forest  and  the  islands  where  they 
live  in  highland  scrub.  Males  respond  more 
strongly  to  local  conspecific  song,  in  playback 
experiments,  than  to  the  song  of  other  species 
on  their  island.  Between  islands  the  results  are 
variable:  in  the  lowland  islands,  G.  difficilis 
on  Genovesa  respond  strongly  to  conspecific 
songs  on  that  island,  less  so  to  songs  on  a 
second  island  (Darwin),  and  not  at  all  to  songs 
on  a  third  (Wolf).  Responses  of  Pinta  G.  dif¬ 
ficilis  to  G.  'difficilis  songs  on  the  highland  is¬ 
land  of  Pinta  are  stronger  than  to  songs  of  G. 
difficilis  on  lowland  Genovesa.  Responses  of 
G.  scandens  to  songs  of  G.  scandens  on  the 
same  island  and  songs  of  G.  conirostris  on 
another  island  differ  as  much  as  in  the  previ¬ 
ous  test  of  G.  difficilis  (Ratcliffe  and  Grant 
1985).  Song  structure  and  response  to  song 
differ  among  islands,  and  I  wonder  whether 
the  birds  called  G.  difficilis  on  all  these  islands 
are  conspecific. 

The  authors  are  relaxed  about  their  phylo¬ 
genetic  model.  They  note,  “We  live  in  a  world 
so  rich  in  species  we  do  not  know  how  many 
there  are”  (page  1).  They  argue,  “the  species 
question  is  a  general  problem  without  a  gen¬ 
eral  solution”  (page  109).  They  present  an  al¬ 
ternative  interpretation  of  the  G.  difficilis  com¬ 
plex  as  perhaps  three  species.  Does  it  matter 
whether  “G.  difficilis ”  is/are  one,  two,  or 
more  species?  Perhaps  not,  reason  the  authors, 
if  the  species  are  “moderately  close  rela¬ 
tives”,  and  one’s  interest  is  to  explain  ecolog¬ 
ical  processes  and  natural  selection 

The  book  is  clearly  written  and  a  fascinat¬ 
ing  read.  It  describes  how  Darwin’s  finch  spe¬ 
cies  evolve  right  before  one’s  eyes. — ROB¬ 
ERT  B.  PAYNE,  Professor  Emeritus,  University 
of  Michigan,  1306  Granger  Avenue,  Ann  Arbor, 
MI  48109,  USA;  e-mail:  rbpayhe@umich.edu 
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TAWNY  FROGMOUTH.  By  Gisela  Kap¬ 
lan.  CSIRO  Publishing,  Collingwood,  Victo¬ 
ria,  Australia.  2007:  155  pages,  68  figures,  il¬ 
lustrations,  and  photographs.  ISBN:  978-0- 
64309-239-6.  A$35.95  (paper).  BOWER- 
BIRDS.  By  Peter  Rowland.  CSIRO 
Publishing,  Collingwood,  Victoria,  Australia. 
2007:  136  pages,  61  figures  and  photographs. 
ISBN:  978-0-64309-420-8.  A$35.00  (pa¬ 
per). — The  Commonwealth  Scientific  and  In¬ 
dustrial  Research  Organization  (CSIRO)  is  an 
Australian  government  agency  that  conducts 
both  basic  and  applied  research  in  everything 
from  astrophysics  to  biology  to  human  health 
and  well  being.  CSIRO  also  has  a  publishing 
branch,  which  currently  publishes  20  different 
journals  among  them  Emu  and  Australian 
Journal  of  Zoology.  CSIRO  Publishing  also 
publishes  series  of  books,  and  they  have  re¬ 
cently  launched  a  new  series,  the  Australian 
Natural  History  Series.  There  are  currently  30 
titles  in  this  series.  Tawny  Frogmouth  and 
Bowerbirds  among  them.  Some  of  the  other 
books  in  this  series  dealing  with  birds  include 
Australian  Magpie,  Kookaburra,  Albatrosses, 
and  Mound-builders.  Based  on  Tawny  Frog¬ 
mouth  and  Bowerbirds,  the  books  are  medi¬ 
um-sized,  paperback  books  but  with  glossy 
pages  and  quite  attractive  in  their  production. 
The  targeted  audience  of  the  books  in  this  se¬ 
ries  is,  according  to  CSIRO,  “upper  second¬ 
ary  [high  school]  or  undergraduate  level  read¬ 
ers,  as  well  as  naturalists”.  After  reading  the 
two  titles  specifically  discussed  here  I  would 
say  that  upper  high  school  students  are  the 
correct  audience  for  Bowerbirds,  and  that  col¬ 
lege  students,  naturalists,  and  even  profession¬ 
al  ornithologists  are  the  audience  for  Tawny 
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Frogmouth.  Extensive  bibliographies  are  in¬ 
cluded  at  the  back  of  each  book,  but  the  books 
differ  in  whether  actual  papers  are  cited  in  the 
text  (in  Tawny  Frogmouth  they  are;  in  Bow- 
erbirds  they  are  not). 

Tawny  Frogmouth  and  Bowerbirds  are  so  dif-. 
ferent  in  their  organization,  content,  and  writing 
style  that  I  really  need  to  discuss  them  sepa¬ 
rately.  Of  course,  part  of  this  difference  is  be¬ 
cause  of  the  obvious,  that  one  book  discusses  a 
single  species  and  the  other  an  entire  family  of 
birds.  Some  of  the  difference,  however,  appears 
also  due  to  what  I  perceive  as  an  inconsistent 
format  of  the  books  in  this  series.  Reading  these 
books  I  would  guess  that  CSIRO  Publishing 
simply  tells  authors  to  write  a  book  about  the 
natural  history  of  a  species  or  group  but  does 
not  give  or  suggest  to  them  a  particular  format 
or  outline  to  follow. 

Bowerbirds  consists  of  mostly  a  collection 
of  species  accounts  following  summary  chap¬ 
ters  on  classification  and  morphology,  habitat, 
distribution  and  conservation,  and  lastly  bow¬ 
er  evolution  and  sexual  behavior.  The  species 
accounts  cover  the  expected  categories  of  field 
identification,  descriptions,  distribution,  and 
aspects  of  ecology  and  behavior.  The  infor¬ 
mation  in  the  species  accounts  is  accurate  but 
I  found  the  presentation  somewhat  dull  and 
cannot  imagine  that  younger  readers  will 
spend  a  lot  of  time  on  this  part,  even  though 
it  makes  up  90  of  the  1 36  pages  of  the  book. 
The  species  accounts  are  introduced  with  a  di¬ 
chotomous  key  to  the  bowerbirds,  something 
that  I  found  both  confusing  and  somewhat 
amusing.  Maybe  the  publishers  told  the  author 
to  include  a  key,  but  I  just  find  it  impossible 
to  imagine  a  situation  when  someone  would 
actually  use  the  key  to  identify  a  bird.  For 
example,  the  series  of  steps  in  the  key  that 
leads  one  to  the  Golden  Bowerbird  (Priono- 
dura  newtoniana )  (male)  are:  1.  Plumage 
without  green  (4);  4.  Plumage  without  blue 

(5) ;  5.  Plumage  with  prominent  yellow  areas 

(6) ;  6.  Plumage  glossy  golden  yellow-brown 
=  Male  Golden  Bowerbird. 

The  first  26  pages  of  Bowerbirds  will  be  of 
greater  interest  to  a  younger  reader,  because 
these  pages  summarize  the  most  interesting  as¬ 
pects  of  bowerbirds,  in  particular  bower-build¬ 
ing  behavior  and  sexual  behavior.  The  basic  bi¬ 
ological  facts  of  bowerbirds  in  this  section  are 
accurate,  but  I  was  amazed  by  some  of  the  in¬ 


terpretations  of  these  facts  offered  by  the  author. 
Two  examples  will  illustrate  my.  point.  First,  on 
page  8  we  are  reminded  that  one  of  the  benefits 
of  social  monogamy  is  ‘that  two  parent  birds 
are  able  to  raise  and  protect  the  young  birds’. 
After  then  summarizing  potential  benefits  of  po¬ 
lygyny  (which  should  really  be  termed  promis¬ 
cuity),  the  author  suggests  that  ‘The  structure  of 
the  male’s  bower  is  an  indication  of  his  intelli¬ 
gence  .  . .  ’  as  if  this  is  an  accepted  and  docu¬ 
mented  fact.  Not  only  is  that  statement  not  ac¬ 
cepted  and  documented,  it’s  hard  for  me  to 
imagine  that  intelligence  in  male  bowerbirds 
could  ever  be  quantified  in  any  meaningful  way. 
Second,  just  two  sentences  later,  we  are  told  that 
'While  both  sexual  systems  [monogamy  and  po¬ 
lygyny]  have  their  benefits,  it  is  interesting  to 
note  that  over  90  per  cent  of  bird  species  prac¬ 
tice  social  monogamy  .  .  .  ’  Yes,  that  is  true  but 
making  that  statement  without  any  follow  up  to 
explain  the  likely  reason  for  this  pattern  makes 
it  somehow  seem  that  social  monogamy  is  in¬ 
herently  better  than  social  polygyny. 

I  accept  the  criticism  that  I  may  be  nit  picky 
here  but  what  more  important  audiences  are 
there  besides  high  school  students  and  early 
college  undergraduates?  If  we  don’t  clearly 
and  conservatively  explain  evolution  to  that 
group  of  students  what  hope  do  we  have  of 
ever  educating  the  lay  public? 

Tawny  Frogmouth  is  really  a  book  about 
the  biology  of  birds  couched  in  terms  of  a 
specific  species.  In  virtually  every  chapter  the 
author  begins  by  summarizing  general  facts 
about  all  birds  and  then  leads  into  Tawny 
Frogmouths  ( Podargus  strigoides )  in  particu¬ 
lar.  The  chapters  and  topics  therein  are  almost 
encyclopedic  in  terms  of  their  breadth,  includ¬ 
ing  anatomy,  the  senses,  daily  life,  feeding 
and  territoriality,  bonding  and -breeding,  de¬ 
velopment,  and  lastly  emotions,  vocal  behav¬ 
ior  and  communication.  The  author  is  obvi¬ 
ously  fascinated  with  Tawny  Frogmouths  and 
this  enthusiasm  is  infectious  in  this  book,  par¬ 
ticularly  when  she  is  reporting  personal  ob¬ 
servations  of  the  birds.  As  I  was  reading  this 
book  my  first  reaction  was  ‘this  person  really 
loves  frogmouths’,  and  I  mean  that  in  a  pos¬ 
itive,  not  a  negative  way.  The  author  has  stud¬ 
ied  and  observed  frogmouths  in  the  wild  (for 
thousands  of  hours)  and  has  also  hand-reared 
them  in  captivity.  The  author’s  experience 
with  captive  birds  provided  her  with  oppor- 
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tunities  to  witness  behaviors  impossible  for 
the  average  person  to  see  and  this  perspective 
adds  a  great  deal  to  the  information  presented. 
There  is,  it  appears,  also  considerable  previ¬ 
ously  unpublished  information  contained  in 
this  book,  particularly  in  the  section  on  com¬ 
munication. 

For  the  average  bird  watcher  or  field  biolo¬ 
gist,  Tawny  Frogmouths  are  birds  that  one  sel¬ 
dom  sees,  and  are  elusive  when  one  is  lucky 
enough  to  see  them.  In  this  book  the  author 
brings  a  reader  into  both  the  biology  of  frog- 
mouths  and  their  personal  lives,  and  shows  they 
are  much  more  interesting  than  the  average  per¬ 
son  (including  me)  would  have  thought.  This 
includes  aspects  of  their  foraging  behavior,  their 
extreme  defense  of  nests,  and  the  different  facial 
expressions  of  birds' (believed  to  express  differ¬ 
ent  emotions).  The  author  dispels  myths  about 
the  birds  and  argues  strongly  that  the  oft  repu¬ 
tation  of  the  birds  being  clumsy  and  strange  is, 
not  surprisingly,  not  deserved.  If  all  ‘strange’ 
birds  are  as  interesting  as  the  Tawny  Frogmouth, 
we  would  do  well  by  studying  them  more  in¬ 
tensively. 

In  contrast  to  my  neutral  to  negative  reac¬ 
tion  to  Bowerbirds,  I  strongly  recommend 
Tawny  Frogmouth  to  anyone  interested  in  this 
little  known  species  (or  frogmouths  general¬ 
ly),  and  to  students  wanting  a  clear,  well-writ¬ 
ten  summary  on  the  biology  of  birds. — STE¬ 
PHEN  PRUETT-IONES,  Department  of  Ecol¬ 
ogy  and  Evolution,  University  of  Chicago, 
Chicago,  Illinois,  USA;  e-mail:  pruett-jones@ 
uchicago.edu 

INTEGRATION  OF  ECOLOGY  AND  EN¬ 
DOCRINOLOGY  IN  AVIAN  REPRODUC¬ 
TION:  A  NEW  SYNTHESIS.  By  John  C. 
Wingfield,  Marcel  E.  Visser,  and  Tony  D.  Wil¬ 
liams,  Editors.  Philosophical  Transactions  of 
the  Royal  Society  of  London,  Series  B  363: 
1579-1723.  ISBN  0-962-8436.— This  theme 
issue  brings  together  a  dozen  synthesis  papers 
that  emerged  from  three  separate  workshops 
conducted  by  the  international  E-BIRD  net¬ 
work,  a  working  group  of  behavioral  endocri¬ 
nologists  and  evolutionary  ecologists  interest¬ 
ed  in  the  reproductive  behavior  of  birds.  This 
fascinating  set  of  papers  paints  a  picture  of 
two  separate  research  paradigms,  the  forces 
that  have  kept  them  apart,  and  the  research 


benefits  of  bringing  them  together.  These  days 
it  is  common  to  hear  calls  for  multi-  and  in¬ 
terdisciplinary  research,  and  the  papers  in  this 
volume  illustrate  why. 

The  papers  in  this  collection  might  be 
viewed  as  having  a  rather  narrow  focus — the 
reproductive  endocrinology  of  birds — but  the 
introductory  paper  by  the  editors  nicely  spells 
out  the  value  of  this  focus.  Why  birds  rather 
than  other  taxa?  Because  birds  are  highly  vis¬ 
ible  and  well-known  members  of  natural  eco¬ 
systems  that  can  be  early  indicators  of  declin¬ 
ing  environmental  conditions.  Why  reproduc¬ 
tion  rather  than  other  behaviors?  Because  re¬ 
production  is  directly  tied  to  both  individual 
fitness  (an  evolutionary  currency)  and  popu¬ 
lation  growth  (an  ecological  currency).  And 
why  endocrinology  rather  than  other  pieces  of 
the  machinery?  Because  hormones  link  envi¬ 
ronmental  stimuli  to  individual  phenotypic  re¬ 
sponse  and,  hence,  are  central  to  regulating 
individual  and  population  responses  to  envi¬ 
ronmental  change.  Most  of  the  papers  in  this 
collection  draw  strong  connections  to  the 
ways  that  birds  will  respond  (or  not)  to  global 
climate  change  and  other  anthropogenic  per¬ 
turbations,  nicely  tying  the  insights  gained  to 
real  world  problems  as  well  as  to  broader  the¬ 
oretical  concepts. 

The  papers  are  organized  along  the  themes 
of  the  three  workshops  from  which  they 
emerged,  the  first  of  which  focused  on  “trade¬ 
offs  and  constraints”.  The  first  paper  in  this 
section,  by  Kate  Lessells,  focuses  on  a  critical 
question:  when  do  mechanisms  matter  to  the 
evolution  of  phenotypic  plasticity  and  life  his¬ 
tory  patterns?  Researchers  often  vaguely  refer 
to  “constraints  on  evolution”,  but  Lessells  ar¬ 
gues  persuasively  that  mechanisms  will  con¬ 
strain  evolution  only  when  the  system  can’t 
reach  an  optimal  solution,  or  when  the  neu¬ 
roendocrine  system  itself  carries  costs  (in 
which  case  additional,  opposing,  selection 
pressures  will  occur).  In  a  similar  vein,  Eliz¬ 
abeth  Adkins-Regan  takes  a  long-term  mac¬ 
roevolutionary  view  to  argue  that  hormonal 
mechanisms  are  plastic  and  often  will  not  con¬ 
strain  evolution,  although  she  does  see  evi¬ 
dence  of  phylogenetic  inertia  in  the  evolution 
of  sexual  differentiation.  The  paper  by  Mc- 
Glothlin  and  Ketterson  takes  a  more  micro¬ 
evolutionary  view  and,  by  focusing  on  the 
ways  that  hormones  tie  together  correlated 
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suites  of  traits,  discusses  how  endocrine 
mechanisms  can  both  facilitate  and  constrain 
adaptive  evolution.  This  paper  also  illustrates 
how  quantitative  genetic  methods  can  be  used 
to  understand  correlational  selection  on  suites 
of  traits.  In  the  final  paper  of  this  section,  Al¬ 
istair  Dawson  shows  that,  although  most  birds 
use  photoperiod  as  a  primary  cue  for  the  tim¬ 
ing  of  reproduction,  secondary  cues  are  also 
used  and  will  evolve  in  response  to  the  par¬ 
ticular  ecology  of  individual  species,  poten¬ 
tially  leading  to  different  species-specific  re¬ 
sponses  to  climate  change. 

The  second  workshop  focused  on  “maternal 
effects”,  and  the  papers  emerging  from  it  ex¬ 
amine  the  implications  of  the  recent  recognition 
that  such  effects  may  be  widespread  in  birds, 
such  as  when  maternally  derived  resources  in 
yolks  vary  across  eggs.  In  the  first  paper,  Pat 
Monaghan  provides  a  compelling  framework 
for  exploring  how  maternal  effects  and  devel¬ 
opmental  plasticity  will  evolve  to  produce  off¬ 
spring  most  able  to  deal  with  conditions  later  in 
life  (e.g.,  as  an  adult).  The  paper  by  Groothuis 
and  Schwab!  complements  and  adds  to  this 
framework  by  exploring  what  we  do  and  do  not 
know  about  the  hormonal  mechanisms  of  ma¬ 
ternal  effects,  including  the  control  that  females 
have  over  egg  yolk  deposition  and  the  effects 
on  offspring  phenotype.  Together,  these  two  pa¬ 
pers  highlight  how  developmental  “program¬ 
ming”  can  affect  adult  phenotype  in  adaptive 
and  non-adaptive  ways,  which  becomes  more 
important  as  climate  change  threatens  to  alter 
the  predictive  connections  between  early-life 
and  adult  environment.  The  paper  by  Martin  and 
Schwabl  is  less  of  a  review  that  most  others  in 
this  volume,  and  instead  analyzes  comparative 
data  from  a  number  of  species  to  test  some  ideas 
presented  in  the  previous  papers.  In  particular, 
these  authors  show  how  female  incubation  be¬ 
havior — which  can  have  important  maternal  ef¬ 
fects  on  offspring — is  shaped  by  adult  and  off¬ 
spring  mortality  patterns,  and  they  also  suggest 
that  egg  size  and  composition  may  evolve  in  a 
compensatory  way.  The  final  paper  in  this  set, 
by  Rutkowska  and  Badyaev,  takes  a  different 
approach  and  tackles  the  puzzle  of  how  females 
might  manipulate  the  primary  sex  ratio  of  their 
offspring.  Although  offspring  sex  ratio  has  been 
shown  to  be  affected  by  ecological  conditions, 
the  mechanisms  involved  are  currently  a  black 
box.  These  authors  review  several  different  pos¬ 


sible  mechanisms  by  which  females  might  alter 
the  number  of  male  or  female  eggs  produced. 

The  final  workshop  and  set  of  papers  focus 
on  “individual  variation”.  The  papers  in  this 
section  nicely  illustrate  how  endocrinologists 
and  ecologists  have  really  focused  on  different 
questions,  and  also  that  these  separate  foci 
must  now  be  merged  to  push  the  field  for¬ 
ward.  For  example,  the  paper  by  Tony  Wil¬ 
liams  points  out  that  most  evolutionary  ecol¬ 
ogists  are  interested  in  the  “raw  material  of 
adaptation” — individual  variation  in  traits — 
whereas  endocrinologists  have  mostly  ignored 
this  variation  and  instead  focus  on  mean  hor¬ 
mone  levels.  Increased  focus  on  individual 
variation  in  hormonal  profiles,  Williams  ar- 
'  gues,  is  now  necessary  to  understand  how  en¬ 
docrine  systems  shape  the  evolution  of  com¬ 
plex  suites  of  traits.  Similarly,  Ball  and  Bal- 
thazart  explore  how  mechanisms  at  the  cel¬ 
lular  level  might  potentially  help  explain 
individual  variation  in  reproduction  and  ag¬ 
gression.  They  suggest  that  large  scale  intra¬ 
specific  variation,  such  as  between  popula¬ 
tions  or  males  and  females,  might  be  used  to 
guide  research  at  a  finer,  inter-individual  level. 
Finally,  Kempenaers  et  al.  provide  a  fascinat¬ 
ing  detailed  example,  from  their  own  studies 
of  Blue  Tits  ( Cyanistes  caeruleus),  to  illus¬ 
trate  inter-individual  variation  in  testosterone 
levels  and  show  that  it  might  be  due  to  intrin¬ 
sic  factors  (e.g.,  genes),  extrinsic  factors  (e.g., 
social  environment),  or  both.  Unraveling  the 
contributions  of  intrinsic  and  extrinsic  factors 
to  individual  hormonal  levels  and  associated 
traits  will  be  central  to  testing  a  number  of 
hypotheses  in  evolutionary  ecology,  such  as 
the  role  of  sexual  traits  in  signaling  “good 
genes”  and  the  factors  mediating  life-history 
strategies. 

Taken  together,  the  papers  in  this  volume 
are  uniformly  excellent  and  provide  a  state- 
of-the-art  view  of  eco/evo-endocrinology. 
They  show  us  that  evolutionary  ecologists  and 
endocrinologists  have  been  interested  in  com¬ 
plementary  yet  separate  questions,  and  that 
now  is  the  time  to  bring  these  disparate  views 
together.  This  volume  is  an  excellent  step  in 
that  direction.— MICHAEL  S.  WEBSTER, 
School  of  Biological  Sciences,  Washington 
State  University,  Pullman,  WA,  99164  USA; 
e-mail:  mwebster@wsu.edu 
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FLYAWAY:  HOW  A  WILD  BIRD  REHAB- 
BER  SOUGHT  ADVENTURE  AND  FOUND 
HER  WINGS.  By  Suzie  Gilbert.  Illustrated  by 
Laura  Westlake.  HarperCollins  Publisher,  New 
York,  USA.  2009:  352  pages  and  20  illustra¬ 
tions.  ISBN:  978-0-06-156312-6.  $25.95  (pa¬ 
per). — Neither  Suzie  Gilbert  or  her  family  had 
any  inkling  as  to  what  lay  ahead  when  she  de¬ 
cided  to  fill  a  niche  in  her  part  of  New  York 
State  and  build  an  exercise  and  release  cage  for 
rehabilitated  songbirds.  After  volunteering  at  a 
large  raptor  rehabilitation  facility  for  1 1  years, 
and  with  two  young  children  at  home,  Suzie 
decided  it  was  time  to  start  her  own  home-based 
rehabilitation  operation.  After  a  lot  of  problem 
solving  and  talks  with  other  rehabilitators,  Suzie 
figured  that  by  being  her  own  boss  she  would 
have  no  trouble  limiting  her  rehab  work  and 
balancing  it  with  the  needs  of  her  husband  and 
children. 

Other  nearby  rehabilitators  and  organiza¬ 
tions  were  rehabilitating  both  birds  and  mam¬ 
mals,  but  there  was  a  lack  of  reconditioning 
cages  for  songbirds  that  needed  a  sufficiently 
large  space  to  regain  their  flying  strength  and 
survival  skills  prior  to  release.  Suzie  was  con¬ 
vinced  that  by  limiting  her  efforts  to  adult 
songbirds  from  other  rehabbers,  she  could  eas¬ 
ily  manage  the  time  she  devoted  to  wildlife. 

Suzie’s  two  children,  Mac  (8)  and  Skye  (7) 
were  thrilled  when  the  first  bird  arrived  to  ini¬ 
tiate  the  newly  built  flight  cage.  Her  very  sup¬ 
portive  husband  wondered  if  this  would  be  the 
best  or  worst  of  times  to  come.  The  first  sum¬ 
mer  was  filled  with  wonder  for  Mac  and  Skye 
as  they  gladly  helped  with  some  of  the  rehab- 
bing  chores  and  learned  the  joy  of  releasing  a 
bird  to  a  second  chance  at  life,  and  the  hard 
reality  of  death. 

The  reader  accompanies  Suzie  and  her  fam¬ 
ily  down  the  predictable  slippery  slope  that 
wildlife  rehabilitators  continually  confront. 
The  resolve  to  limit  her  rehab  efforts  to 
healthy  adult  songbirds  began  eroding.  First 
an  injured  bird,  then  another,  followed  by  a 
raptor  or  water  bird.  Then  healthy  orphaned 
nestlings  that  were  unable  to  be  returned  to 
their'  parent’s  care.  Each  new  bird  presented 
Suzie  with  a  Afferent  set  of  problems  to  be 
solved,  and  her  children  with  more  new  things 
to  learn.  Meeting  and  interacting  with  the  va¬ 
riety  of  people  who  find  injured  birds  adds 


color  to  the  tales  Suzie  reports  about  the  dif¬ 
ferent  birds  she  encounters. 

Suzie  quickly  learned  that  all  rehabilitators 
become  educators  by  necessity.  The  public 
who  find  the  injured  wildlife  want  to  learn  as 
much  as  they  can  about  the  bird  to  which  they 
have  instantly  bonded.  This  is  often  their  first 
close  encounter  with  anything  wild.  As  Suzie 
becomes  a  walking  wildlife  encyclopedia,  her 
tolerance  for  the  actions  of  some  uncaring  or 
unknowing  citizens  erodes.  Birds  caught  by 
cats  and  presented  to  their  owners  have  little 
chance  of  recovery.  People  who  use  pesticides 
on  their  lawn  are  poisoning  insects,  the  birds 
that  rely  on  those  insects  for  food,  and  the 
foragers  which  eat  the  poisoned  birds. 

Suzie  makes  the  reader  a  part  of  both  the 
small  and  big  picture  of  wildlife  rehabilitation. 
The  small  picture  starts  with  an  injured  or  or¬ 
phaned  bird  and  ripples  up  to  the  bigger  picture 
of  public  education.  Rehabbers  educate  not  only 
about  the  particular  species  found,  but  the  en¬ 
vironment,  biodiversity,  and  habitat  needs  of 
wildlife.  Each  injured  bird  educates  not  only  the 
finder,  but  the  finder’s  family  and  friends. 

Flyaway  is  not  only  about  rehabilitating 
birds.  It  is  also  filled  with  healthy  family  re¬ 
lationships.  The  education  and  experiences 
that  Suzie’s  children  received  by  learning  first 
hand  about  wildlife,  biodiversity,  and  the  en¬ 
vironment  would  be  hard  to  beat. 

Rehabilitators  are  also  in  a  great  vantage 
point  to  learn  first  hand  about  the  personalities 
of  different  species  and  the  quirkiness  of  in¬ 
dividuals  within  each  species.  After  becoming 
a  rehabber,  wildlife  is  never  again  viewed  im¬ 
personally.  Very  few  other  professions  are  in 
a  position  to  gain  this  knowledge. 

Flyaway  is  not  only  engaging  to  read,  it  is 
factual  and  follows  the  code  of  ethics  that  re¬ 
habilitators  share.  Wildlife  are  not  pets,  must 
be  kept  wild,  and  treated  humanely.  Release 
to  the  wild  is  the  goal,  but  humane  euthanasia 
for  those  which  are  unable  to  rejoin  their  nat¬ 
ural  habitat  is  another  form  of  release.  Suzie 
Gilbert’s  ethics  and  talent  for  writing  have 
made  her  the  perfect  author  to  bring  the  world 
of  wildlife  rehabilitation  to  the  reader. — 
DODY  WYMAN,  President,  International 
Wildlife  Rehabilitation  Council;  Director, 
River  Raisin  Raptor  Center,  11601  Sheridan, 
Manchester,  MI  48158,  USA;  e-mail:  dody@ 
mindspring.com 
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FRONTISPIECE.  Foraging  Yellow-rumped  Warblers  ( Dendroica  coronata)  during  spring  migration  stopover  in  east- 
central  Illinois  used  tree  species  in  relation  to  the  date  trees  initiated  bud  break  and  the  date  caterpillars  were  most  abundant 
in  trees.  However,  tree  species  used  diversified  as  spring  progressed.  Water  color  of  Yellow-rumped  Warblers  by  Don 
Radovich. 
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SPRING  TREE  SPECIES  USE  BY  MIGRATING  YELLOW-RUMPED 
WARBLERS  IN  RELATION  TO  PHENOLOGY  AND 
FOOD  AVAILABILITY 

PAUL  K.  STRODE1'2 


ABSTRACT. — I  examined  the  temporal  pattern  of  migration  and  tree  species  preferences  of  Yellow-rumped  Warblers 
(. Dendroica  coronata)  in  relation  to  tree  and  food  phenology  across  three  spring  seasons  (2001-2003)  at  a  migration 
stopover  site  in  east-central  Illinois,  USA.  Foraging  Yellow-rumped  Warblers  used  tree  species  in  relation  to  the  date  that 
trees  initiated  bud  break  and  the  date  caterpillars  were  most  abundant  in  trees.  The  first  arrival  date  of  Yellow-rumped 
Warblers  at  the  stopover  site  varied  with  date  of  bud  break;  duration  of  migration  through  the  stopover  site  ranged  from  31 
to  47  days.  The  earliest  Yellow-rumped  Warbler  migrants  observed  arrived  at  the  stopover  site  before  appearance  of  many 
arthropods,  and  foraged  on  the  temporarily  abundant  adult  stage  of  the  hackberry  psyllid  (Pachypsylla  spp.  [Fletcher] 
[Homoptera]).  Later  migrants  switched  to  foraging  for  caterpillars.  The  proportions  of  foraging  observations  among  tree 
species  were  similar  across  all  3  years  and,  each  year,  tree  species  used  by  Yellow-rumped  Warblers  diversified  as  spring 
progressed.  Yellow-rumped  Warblers  are  short-distance  migrants  (most  winter  in  the  southern  United  States);  my  results 
indicate  these  birds  may  have  an  advantage  over  long-distance  migrants  in  view  of  global  climate  change  as  they  can  arrive 
early  at  stopover  habitats  and  exploit  resources  when  they  are  most  available.  Received  25  November  2005.  Accepted  26 
February  2009. 


Global  climate  change  has  affected  the  phenol¬ 
ogy  of  many  biological  events  (Root  et  al.  2003, 
Parmesan  2006,  Rosenzweig  et  al.  2008).  Long¬ 
term  data  over  the  last  40-100  years  in  Europe 
and  North  America  show  advancing  phenological 
events  including  earlier  spring  flowering  (Bradley 
et  al.  1999,  Menzel  and  Fabian  1999,  Both  et  al. 
2004,  Inouye  2008)  and  earlier  breeding  by  birds 
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(Crick  et  al.  1997,  Dunn  and  Winkler  1999,  Both 
et  al.  2004,  Mpller  et  al.  2008).  These  advances 
are  widespread  across  plant  and  animal  taxa 
(McCarty  2001,  Parmesan  2006),  but  are  not 
consistent  within  taxa  (Strode  2003,  Wilson 
2007).  Some  ecologically  similar  species  differ 
in  responses  to  climate  change,  which  raises 
questions  about  mechanisms  and  limits  of  pheno¬ 
logical  adaptability  (Bale  et  al.  2002,  Voigt  et  al. 
2003,  Brook  2009).  The  response  by  wood 
warblers  (Parulidae)  in  North  America  to  earlier 
springs  in  their  breeding  habitat  during  the 
twentieth  century  (1903-2002)  has  been  inconsis¬ 
tent  with  seven  of  eight  species  not  responding  by 
migrating  earlier  through  the  midwestern  United 
States  (Strode  2003).  Short  distance  migrants 
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wintering  in  the  southern  United  States  may  have 
an  advantage  over  long  distance  migrants  winter¬ 
ing  in  the  tropics  because  they  can  monitor 
temperature  and  weather  cues  not  available  to 
birds  wintering  further  south  (Temple  and  Cary 
1987,  Bradley  et  al.  1999).  One  short  distance 
migrant  that  is  migrating  earlier  with  respect  to 
progressively  earlier  springs  in  its  breeding 
habitat  is  the  Yellow-rumped  Warbler  (Dendroica 
coronata)  (Strode  2003). 

The  Yellow-rumped  Warbler  is  unique  among 
wood  warbler  species  because  most  if  its  popula¬ 
tion  winters  in  the  temperate  zone  (Hunt  and 
Flaspohler  1998).  Some  Yellow-rumped  Warblers 
winter  in  the  subtropics,  but  they  are  abundant  in 
the  southern  temperate  regions  of  the  United  States 
in  winter  (National  Audubon  Society  2002). 
Yellow-rumped  Warblers  have  been  increasing  in 
abundance  in  some  areas  of  their  breeding  habitat 
since  1967  (Canadian  Wildlife  Service  2002)  with 
a  general  increase  in  abundance  of  nearly  2%  per 
year  (Stokes  and  Stokes  1996).  They  have  also 
expanded  their  breeding  range  northward  (Nor- 
ment  et  al.  1999)  and,  since  1960,  have  also 
expanded  their  winter  range  northward  by  as  much 
as  1,000  km  (National  Audubon  Society  2002). 
Yellow-rumped  Warblers  have  also  been  observed 
arriving  significantly  earlier  at  stopover  sites  in  the 
midwestern  United  States  since  1976  (Strode 
2003).  The  ecology  of  Yellow-rumped  Warblers 
is  well  studied,  but  many  facets  of  their  biology 
that  may  influence  their  success  remain  unknown 
(Hunt  and  Flaspohler  1998). 

I  present  the  results  of  a  3-year  study  of 
Yellow-rumped  Warbler  foraging  behavior  at  a 
stopover  site  during  spring  in  east-central  Illinois. 
I  asked  three  questions  to  characterize  timing  of 
Yellow-rumped  Warbler  migration,  and  foraging 
preferences  by  tree  species  as  affected  by  tree 
phenology  and  insect  abundance.  (1)  Do  Yellow- 
rumped  Warblers  exhibit  preferences  for  certain 
tree  species  at  stopover  sites  and,  if  so,  is  food 
availability  a  valid  hypothesis  to  explain  those 
preferences?  (2)  How  much  yearly  variation  is 
there  in  timing  of  Yellow-rumped  Warbler 
migration?  (3)  Does  timing  of  Yellow-rumped 
Warbler  migration  track  variability  in  phenology 
of  bud  break  of  trees  by  species  and  food 
availability  in  spring? 

METHODS 

Study  Area. — I  conducted  research  over  three 
spring  seasons  (2001-2003)  in  Trelease  Woods,  a 


24-ha  deciduous  forest  fragment  3  km  northeast  of 
Urbana,  Illinois  (40°  09'  N,  88°  10'  W).  Trelease 
Woods  was  part  of  a  2,500-ha  forest  called  The 
Big  Grove  before  European  settlement  of  east- 
central  Illinois  (Miceli  et  al.  1977).  The  Trelease 
Woods  forest  fragment  has  been  managed  as  a 
research  forest  since  1917  by  the  University  of 
Illinois  and  has  been  protected.  The  landscape  of 
east-central  Illinois  that  surrounds  Trelease 
Woods  is  now  >85%  row  crop  agriculture 
(Illinois  Department  of  Agriculture  2002),  which 
makes  this  forest  fragment  an  important  stopover 
site  for  Neotropic-Nearctic  migrant  songbirds  in 
spring  (Kendeigh  1982,  Diehl  2003). 

The  relative  basal  area  of  trees  >7  cm  dbh  prior 
to  1950  was  45%  mixed  hardwoods,  25% 
American  elm  ( Ulmus  americana),  and  30%  sugar 
maple  ( Acer  saccharum)  (Boggess  1964).  Diseas¬ 
es  have  reduced  American  elm  in  importance,  but 
Trelease  Woods  is  still  described  as  a  mixed 
hardwood  old  growth  forest  that  maintains  some 
old  growth  characteristics,  including  a  number  of 
large  old  oaks  (Quercus  spp.)  (Pelz  and  Rolfe 
1977;  J.  M.  Edgington,  unpubl.  data).  Other 
protected  forests  in  the  central  United  States  have 
shown  similar  changes  in  species  composition 
(Parker  et  al.  1985).  Trelease  Woods  has  no  slope 
and  is  currently  dominated  by  20  tree  species  with 
a  maximum  canopy  height  of  —25  m  (Augspurger 
and  Bartlett  2003).  Twelve  of  these  20  tree 
species  comprise  95%  of  the  total  basal  area  of 
trees  >33  cm  dbh  (J.  M.  Edgington,  unpubl.  data). 
These  12  species  are  sugar  maple,  Ohio  buckeye 
(Aesculus  glabra ),  shagbark  hickory  ( Carya  ovata, 
including  shellbark  hickory  [C.  laciniosa ]),  com¬ 
mon  hackberry  ( Celtis  occidentalis),  white  ash 
[Fraxinus  americana),  Kentucky  coffee  tree 
( Gymnocladus  dioicus),  black  walnut  ( Juglans 
nigra),  bur  oak  ( Quercus  macrocarpa),  northern 
red  oak  (Q.  rubra),  basswood  ( Tilia  americana), 
American  elm,  and  slippery  elm  ( Ulmus  rubra). 

The  late  winter  and  spring  climate  for  Urbana, 
Illinois,  (1971-2000)  is  temperate  and  summarized 
as  (mean  high/mean  low,  mean  ppt.):  February, 
3.1°  C/-5.70  C,  5.1  cm;  March,  9.8°  C/-0.4°  C, 
8.1  cm;  April,  16.8°  C/4.90  C,  9.3  cm;  and  May, 
23.8°  C/1 1.0°  C,  12.2  cm.  Mean  date  (1971-2000) 
of  the  last  spring  frost  is  Julian  Day  (JD)  105  (15 
Apr)  (Illinois  State  Water  Survey  2009). 

Tree  Census. — All  trees  with  dbh  >7  cm  in 
Trelease  Woods  were  censused  in  1995  (J.  M. 
Edgington,  unpubl.  data)  using  the  point-quarter 
method  (Cottam  and  Curtis  1956).  I  included  only 
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trees  &33  cm  dbh  that  occurred  within  the 
quarters  transected  by  the  bird  observation  routes 
from  Edgington’s  study.  All  12  dominant  tree 
species  (95%  of  total  basal  area)  occurred  in  this 
subsample. 

I  calculated  relative  basal  area  for  each  of  the 
12  tree  species  within  the  subsample.  Basal  area 
for  individual  trees  is  a  good  predictor  of  leaf  area 
(Jose  and  Gillespie  1997),  and  relative  basal  area 
can  be  used  to  indicate  the  relative  proportion  of 
foraging  substrate  available  to  Yellow-rumped 
Warblers  by  tree  species. 

I  also  selected  and  marked  295  individual 
canopy  trees  representing  12  species  (7-31 
individuals/species)  along  the  same  routes  as  the 
bird  observation  transects  to  evaluate  date  of  tree 
bud  break.  One  hundred  and  fifty-nine  of  these 
295  trees  had  been  monitored  since  1993  as  part 
of  a  forest  tree  phenology  study  and  were  in  the 
forest  interior  (Augspurger  and  Bartlett  2003). 
The  remaining  136  trees  were  along  the  edges  of 
the  forest.  I  collected  tree  bud  break  phenology 
data  (following  Augspurger  and  Bartlett  2003)  for 
each  study  tree  with  binoculars  on  the  same  day 
each  week  for  12  weeks  during  spring  2001,  2002, 
and  2003  beginning  before  bud  break  (1  Mar)  and 
ending  after  full  leaf  expansion  (usually  25  May). 

Caterpillar  Census. — I  monitored  forest  cater¬ 
pillar  populations  in  spring  2002-2003  on  6,000 
canopy  leaves  evenly  distributed  among  50  edge 
trees  representing  seven  of  the  12  species  from  the 
leaf  phenology  study.  Five  of  the  seven  species 
are  frequently  used  by  wood  warblers  (Holmes 
and  Robinson  1981,  Graber  and  Graber  1983): 
black  walnut  ( n  =  10),  bur  oak  ( n  =  5),  northern 
red  oak  ( n  =  5),  slippery  elm  ( n  =  5),  and 
American  elm  ( n  =  5).  I  also  selected  sugar  maple 
( n  =  10)  and  common  hackberry  («  =  10) 
because  of  their  status  as  common  (>5%  relative 
basal  area)  at  the  stopover  site,  and  because  more 
individuals  of  these  species  were  accessible  than 
individuals  of  the  other  common  species.  I  based 
selection  of  each  individual  tree  on  its  accessibil¬ 
ity  with  a  4  X  4  diesel  Terex  TB60  telescopic 
boom  lift  at  a  20-m  working  height;  this  limited 
sampling  to  edge  trees  only. 

I  selected  four  branches  in  the  upper  half  of  the 
crown  of  each  sample  tree  before  bud  break  in 
2002,  and  marked  them  with  plastic  flagging.  I 
counted  caterpillars  at  least  weekly  beginning 
with  bud  break.  I  searched  all  surfaces  of  only  the 
first  30  buds,  leaves,  or  a  combination  of  the  two 
categories  using  the  terminal  bud  as  a  starting 


point.  I  also  searched  the  length  of  branch  that 
included  the  leaves. 

The  first  Yellow-rumped  Warblers  to  arrive  at 
the  stopover  site  in  2001  arrived  before  any 
caterpillars  had  emerged.  I  observed  these  birds 
foraging  predominantly  in  hackberry  and  gleaning 
(picking)  prey  from  leaf  and  flower  buds.  The  prey 
were  too  small  to  be  seen  with  binoculars.  I 
therefore  randomly  chose  five  hackberry  trees  in 
2002  from  the  10  trees  that  I  censused  for 
caterpillars,  and  recorded  all  arthropods  encoun¬ 
tered  on  the  same  branches  used  for  the  caterpillar 
census.  I  chose  to  delay  the  arthropod  counts  until 
the  seventh  day  of  Yellow-rumped  Warbler  migra¬ 
tion  through  the  stopover  site  in  2002  (JD  108,  18 
Apr)  and  2003  (JD  101,  11  Apr)  to  confirm  that 
most  individual  birds  were  foraging  in  hackberry. 

Yellow-rumped  Warbler  Foraging. — I  conduct¬ 
ed  daily  systematic  foraging  observations  (weath¬ 
er  permitting)  in  spring  2001-2003  from  JD  32  (1 
Feb)  to  JD  151  (31  May);  all  Yellow-rumped 
Warblers  were  counted  along  four  400-m  tran¬ 
sects  of  forest  edge  habitat,  one  for  each  edge  (N, 
S,  E,  W),  and  five  300-m  transects  of  forest 
interior  habitat  for  a  total  of  9.4  ha/day.  I  used 
binoculars  to  identify  (and  record)  all  Yellow- 
rumped  Warblers  exhibiting  foraging  behavior 
and  maneuvers,  both  near  perches  (gleaning, 
reaching,  lunging,  probing)  and  aerially  (leaping, 
sally-striking,  sally-gleaning)  (Remsen  and  Rob¬ 
inson  1990).  Counts  of  warblers  were  made  30 
min  after  sunrise  in  mid-canopy  (5-20  m  in 
height)  and  canopy  (20-30  m  height)  trees  within 
20  m  of  the  forest  edge,  and  within  20  m  of  either 
side  of  each  interior  transect.  I  moved  continu¬ 
ously  along  transects  (~2  m/hr)  to  avoid  counting 
the  same  birds  twice. 

Statistical  Analyses. — Male  wood  warblers  are 
the  first  individuals  to  migrate  through  stopover 
sites  in  spring  and  comprise  nearly  half  of  all 
individuals,  while  females  and  a  few  immatures 
(second-year  males)  migrate  later  (Francis  and 
Cooke  1986,  Wang  et  al.  1998).  I  separated  all 
observations  into  pre-  and  post-median  groupings 
to  investigate  differences  between  males  and 
females.  I  pooled  foraging  records  from  all 
heights  for  all  analyses  because  differences  in 
herbivore  density  and  potential  Yellow-rumped 
Warbler  prey  (arthropods;  Afik  and  Karasov 
1995)  along  the  5-30  m  vertical  stratum  are 
likely  to  be  small  (Le  Corff  and  Marquis  1999). 

I  examined  tree  species  preferences  of  Yellow- 
rumped  Warblers  by  evaluating  differences  be- 
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tween  observed  and  expected  frequencies  of 
observations  with  Chi-square  goodness  of  fit  tests 
(Cueto  and  Lopez  de  Casenave  2002).  Expected 
frequencies  of  foraging  observations  for  each 
group  each  spring  were  calculated  by  multiplying 
the  total  Yellow-rumped  Warbler  foraging  ma¬ 
neuvers  recorded  each  spring  by  the  relative  basal 
area  of  each  tree  species.  Continuous  movement 
along  the  transects  kept  observation  time  for  each 
individual  tree  consistent. 

I  generated  values  to  represent  relative  prefer¬ 
ence  for  and  avoidance  of  tree  species  by  Yellow- 
rumped  Warblers  by  calculating  the  difference 
between  the  percent  of  individuals  observed  in  a 
species  of  tree  and  the  percent  basal  area  (relative 
basal  area  X  100)  of  that  tree  species.  A 
preference  index  (PI)  was  generated  for  Yellow- 
rumped  Warbler  groups  by  taking  the  sum  of  the 
absolute  values  of  preference  or  avoidance  for 
each  tree  species  (Holmes  and  Robinson  1981, 
Gabbe  et  al.  2002).  I  used  this  index  as  a  proxy  for 
extent  of  tree  species  specialization  for  the  groups 
each  spring.  Larger  Pis  indicate  a  greater  tree 
species  preference. 

I  used  the  Shannon  and  Weaver  (1964)  entropy 
statistic  (H')  to  compare  the  niche  breadth 
exhibited  by  Yellow-rumped  Warblers  that  occu¬ 
pied  the  first  half  (pre-median)  group  with  the 
niche  breadth  exhibited  by  the  second  half  (post¬ 
median)  group.  Niche  breadth,  or  H',  is  defined  in 
this  study  as  the  diversity  of  tree  use;  the  extent  to 
which  each  tree  species  was  used  was  calculated 
using  the  Shannon  and  Weaver  (1964)  informa¬ 
tion  function: 

H'  =  -  Y^Pi  ln(P<) 

where  p ,■  =  proportion  of  Yellow-rumped  War¬ 
blers  in  the  ith  tree  species  (Peck  1989).  I 
calculated  the  variance  and  95%  confidence 
intervals  (±)  for  each  H'  to  reveal  statistical 
differences  between  niche  breadth  estimates 
(Hayek  and  Buzas  1997). 

Timing  of  tree  species  use  by  Yellow-rumped 
Warblers  was  used  to  examine  if  tree  species 
preferences  were  linked  to  tree  phenology  and 
insect  availability.  I  used  Pearson’s  correlations 
(Bonferroni  corrected  to  reduce  Type  I  error)  for 
all  correlation  analyses.  I  compared  the  date,  for 
each  tree  species,  on  which  half  of  the  total 
Yellow-  rumped  Warblers  observed  in  a  tree 
species  had  been  counted  (date  of  median  Yellow- 
rumped  Warbler  counts)  against  the  100%  bud 


break  date  of  each  species  for  each  year  for  a  link 
to  tree  phenology.  I  compared  the  date,  for  each 
tree  species,  of  median  Yellow-rumped  Warbler 
counts  against  the  date  of  the  maximum  number 
of  caterpillars  counted  in  each  tree  species  for  the 
2002  and  2003  migration  seasons  for  a  link  to 
insect  availability.  Only  five  of  1 1  tree  species  in 
which  birds  were  counted  generated  >5%  of  the 
observations  each  year;  thus,  years  were  pooled  to 
increase  sample  size  for  all  correlations. 

RESULTS 

Tree  Species  Use. — I  recorded  1,178  individual 
Yellow-rumped  Warblers  foraging  in  trees  during 
spring  2001-2003.  Yellow-rumped  Warbler  for¬ 
aging  observations  were  distributed  unevenly 
among  tree  species  in  all  3  years  (Fig.  1).  The 
greatest  numbers  of  observations  (40^18%)  were 
in  common  hackberry  with  the  remainder  (5- 
34%)  in  American  elm,  slippery  elm,  bur  oak,  and 
sugar  maple.  Observations  in  all  other  species 
were  rare  (<5%),  and  no  observations  were 
recorded  in  Kentucky  coffee  tree.  Results  from 
Chi-square  goodness  of  fit  tests  revealed  signif¬ 
icant  differences  between  observed  and  expected 
frequencies  of  foraging  observations  among  tree 
species  ( P  <  0.001;  Fig.  2)  for  all  six  groups  that 
were  analyzed  (pre-  and  post-median  groups  X  3 
years). 

Pre-median  Yellow-rumped  Warbler  groups 
demonstrated  a  notable  preference  for  hackberry 
and  American  elm  compared  to  their  availability  in 
all  3  years  (Fig.  2).  All  other  tree  species  were  not 
used  in  proportion  to  their  availability  except  for  a 
slight  preference  for  bur  oak  in  2002  and  2003. 
Post-median  Yellow-rumped  Warblers  used  Amer¬ 
ican  elm  and  slippery  elm  proportionately  more 
than  available  in  all  3  years,  bur  oak  proportion¬ 
ately  more  than  available  in  2002  and  2003,  and 
black  walnut,  hackberry,  and  hickory  proportion¬ 
ately  more  than  available  in  2001,  2002,  and  2003, 
respectively  (Fig.  2).  All  other  tree  species  were 
not  preferred.  Pre-median  Yellow-rumped  War¬ 
blers,  as  indicated  by  the  preference  index  (PI),  had 
stronger  overall  preferences'than  post-median  birds 
for  tree  species  in  all  3  years. 

The  diversity  of  trees  used,  or  niche  breadth 
values  (indicated  by  H'),  exhibited  by  post¬ 
median  Yellow-rumped  Warblers  were  signifi¬ 
cantly  greater  than  the  diversity  of  trees  used  by 
the  pre-median  groups  each  spring  (statistical 
significance  indicated  by  95%  confidence  inter¬ 
vals;  Fig.  2).  Niche  breadth  values  for  both  pre- 
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FIG.  1.  Basal  area  (white  bars)  for  11  of  the  most  visited  tree  species  by  Yellow-rumped  Warblers  along  bird  census 
routes,  and  total  foraging  observations  (total  observations  =  1,178)  for  each  tree  species  (shaded  bars)  during  spring  2001- 
2003  at  Trelease  Woods,  Urbana,  Illinois. 


and  post-median  Yellow-rumped  Warblers  in 

2001  were  significantly  lower  than  those  by  the 
corresponding  groupings  from  2002  and  2003. 
Niche  breadth  values  for  pre-  and  post-median 
groups  were  similar  in  spring  2002  and  2003  for 
each  group. 

Tree  Preferences  vs.  Bud  Break  Phenology. — 
The  beginnings  and  ends  of  Yellow-rumped 
Warbler  migration  through  this  stopover  site  in 
all  3  years  of  the  study  were  earlier  than  those  of 
all  other  wood  warblers  and  vireos  (Vireonidae;  P. 
K.  Strode,  unpubl.  data).  The  temporal  patterns  of 
migration  exhibited  by  all  Yellow-rumped  War¬ 
blers  counted  each  year  were  distinctive  and 
corresponded  with  bud  break  phenology  (Fig.  3). 
The  first  birds  arrived  on  JD  100  in  2001  and 
2002.  Trees  began  completing  bud  break  by  JD 
103  in  2001  and  JD  102  in  2002;  the  mean  dates 
of  100%  bud  break  for  all  tree  species  in  2001  and 

2002  were  JD  109  and  110,  respectively.  The  first 
birds  were  observed  on  JD  88  in  2003,  12  days 
earlier  than  2001  and  2002.  Tree  species  began 
completing  bud  break  by  JD  91  in  2003,  12  and  1 1 


days  earlier  than  in  2001  and  2002,  respectively. 
The  mean  100%  bud  break  date  in  2003  was  JD 
106,  3  and  4  days  earlier  than  2001  and  2002, 
respectively  (Fig.  3).  Migration  for  Yellow- 
rumped  Warblers  ended  on  JD  132  in  2001  and 
3  days  earlier  on  JD  129  in  2002,  for  a  total 
migration  window  of  33  and  30  days,  respective¬ 
ly.  The  last  birds  in  2003  were  observed  on  JD 
134,  extending  the  2003  migration  window  to  47 
days. 

Mean  bud  break  initiation  for  all  3  years  was 
not  statistically  different  as  indicated  by  overlap¬ 
ping  95%  confidence  intervals.  The  number  of 
days  required  for  initiation  of  bud  break  to  its 
completion  for  all  trees  combined  differed  among 
all  years.  Ranges  for  2001-2003  were  12,  19,  and 
32  days,  respectively  (Fig.  3). 

Preferences  for  tree  species  by  Yellow-rumped 
Warblers  were  linked  to  tree  phenology.  The  date 
of  median  Yellow-rumped  Warbler  observations 
in  tree  species  ( n  =11)  was  significantly  corre¬ 
lated  with  tree  species  date  of  100%  bud  break  (r 
=  0.50,  P  =  0.003;  Fig.  4). 
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FIG.  2.  Avoidance  of  or  preference  for  1 1  forest  trees  in  Trelease  Woods,  Urbana,  Illinois,  by  pre-  (A,  C,  E)  and  post¬ 
median  (B,  D,  F)  groups  of  Yellow-rumped  Warblers  during  spring  2001-2003.  Trees  are  listed  in  decreasing  order  of 
relative  basal  area.  PI  is  the  sum  of  the  absolute  value  of  all  avoidance  and  preference  values.  Numbers  in  parentheses  for 
H'  are  ±  95%  confidence  intervals. 


Tree  Preferences  vs.  Food  Availability. — The 
only  arthropod  species  encountered  on  each 
single-day  census  (for  arthropods)  in  hackberry 
in  2002  and  2003  was  the  hackberry  psyllid, 
Pachypsylla  spp.  (Fletcher;  Homoptera).  I  counted 
3.2  ±  0.44  (SE)  psyllids  per  leaf  or  flower  bud  in 
2002  and  2.9  ±  0.49  per  bud  in  2003.  Psyllids 
were  absent  during  censuses  for  caterpillars  in 
these  same  trees  by  JD  120  each  year,  soon  after 
leaves  of  hackberry  emerged  from  their  buds. 


Preferences  for  tree  species  by  Yellow-rumped 
Warblers  were  linked  to  caterpillar  availability. 
The  date  of  median  Yellow-rumped  Warbler 
counts  in  each  of  the  seven  tree  species  censused 
for  caterpillars  was  significantly  correlated  with 
date  of  the  maximum  number  of  caterpillars 
counted  in  trees  for  the  2002  and  2003  migration 
seasons  (r  =  0.50,  P  =  0.049;  Fig.  5).  The  total 
number  of  Yellow-rumped  warblers  was  also 
significantly  correlated  with  total  number  of 
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FIG.  3.  Temporal  patterns  of  migration  of  Yellow-ramped  Warblers  observed  daily  during  spring  2001-2003  at 
Trelease  Woods,  Urbana,  Illinois.  Box  and  whisker  plots  illustrate  descriptive  statistics  (mean,  median,  95%  Cl,  range)  of 
dates  of  100%  bud  break  initiation  for  the  12  most  dominant  tree  species. 
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FIG.  4.  Julian  date  of  median  Yellow-rumped  Warbler 
(YRWA)  observations  in  each  of  1 1  tree  species  at  Trelease 
Woods,  Urbana,  Illinois  was  correlated  with  tree  species’ 
date  of  100%  bud  break  (r  =  0.50,  P  =  0.003). 

caterpillars  counted  on  6,000  leaves  among  the 
same  trees  ( r  =  0.37,  P  =  0.006;  Fig.  6). 

DISCUSSION 

The  migration  phenology  of  Yellow-rumped 
Warblers  reflected  bud  break  phenology  of  the 
forest  tree  community  at  the  stopover  site. 
Yellow-rumped  Warblers  were  opportunistic 


Date  of  max.  no.  caterpillars/120  leaves 


FIG.  5.  Julian  date  of  median  Yellow-rumped  Warbler 
(YRWA)  observations  in  each  of  seven  tree  species  was 
correlated  with  date  of  the  maximum  number  of  caterpillars 
counted  in  trees  for  the  2002  and  2003  migration  seasons  ( r 
=  0.50,  P  =  0.049). 


No.  caterpillars/6,000  leaves  across  50  trees 

FIG.  6.  Total  number  of  Yellow-rumped  Warblers 
(YRWA)  observed  in  50  individual  trees  representing 
seven  tree  species  was  correlated  with  the  total  number  of 
caterpillars  counted  on  6,000  leaves  across  the  same  trees 
for  the  2002  and  2003  migration  seasons  ( r  =  0.37,  P 
=  0.006). 

when  choosing  microhabitat  (individual  trees) 
for  foraging  and  my  results  support  the  hypothesis 
that  birds  select  trees  based,  in  part,  on  tree 
species  bud  break  phenology  and  insect  availabil¬ 
ity.  Yellow-rumped  Warblers  appear  to  have  the 
capacity  to  respond  to  seasonally  shifting  resourc¬ 
es,  especially  those  available  early  in  the  migra¬ 
tory  period. 

Yellow-rumped  Warblers  were  observed  forag¬ 
ing  in  1 1  of  the  12  most  dominant  tree  species 
(95%  of  the  total  basal  area  of  trees  >33  cm  dbh) 
in  all  years  of  the  study,  but  demonstrated 
preferences  each  year  by  disproportionately 
choosing  only  a  few  tree  species.  Yellow-rumped 
Warblers  exhibited  the  greatest  preference  for 
common  hackberry,  which  was  the  most  common 
tree  species  along  the  bird  census  routes  (20.4% 
of  total  basal  area).  Hackberry  (sugarberry,  Celtis 
laevigata)  has  been  shown  to  be  an  important 
component  of  foraging  microhabitat  for  wood 
warblers  in  only  one  previous  study  of  habitat 
requirements  for  migrant  songbirds  during  stop¬ 
over  (Moore  and  Wang  1991).  The  preference 
demonstrated  in  the  current  study  was  consistent 
in  all  3  years  of  the  study,  but  was  greatest  for  pre¬ 
median  birds  and  was  exhibited  by  post-median 
birds  in  only  2002.  Post-median  Yellow-rumped 
Warblers  in  2001  and  2003  disproportionately  did 
not  use  hackberry.  The  consistent  preference  for 
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hackberry  by  the  earlier  Yellow-rumped  War¬ 
blers,  followed  by  little  use  of  this  species  by  later 
birds,  suggests  this  preference  was  not  likely  due 
to  the  dominance  of  hackberry  at  the  stopover  but 
was  due  to  the  presence  of  a  temporarily  abundant 
food  resource. 

I  lack  comparative  data  from  other  sites  of  a 
hackberry  and  Yellow-rumped  Warbler  associa¬ 
tion,  but  the  consistent  early  season  preference  for 
hackberry  likely  resulted  from  opportunistic 
exploitation  of  temporarily  abundant  homopter- 
ans.  A  parallel  example  of  opportunistic  exploi¬ 
tation  of  an  early  pulse  of  superabundant  resourc¬ 
es  is  the  Yellow-rumped  Warbler’s  use  of 
emerging  aquatic  insects,  primarily  midges  (Dip- 
tera:  Chironomidae),  during  early  spring  in  the 
shoreline  habitats  of  northern  Lake  Huron, 
Michigan  (Dallman  and  Smith  1995). 

The  considerable  preference  for  hackberry 
compared  to  its  availability  was  combined  with 
a  somewhat  weaker  preference  for  American  elm, 
one  of  the  rarest  species  along  the  bird  census 
routes  (1.0%  of  total  basal  area)  This  preference 
was  maintained  by  both  pre-  and  post-median 
groups  of  Yellow-rumped  Warblers  in  all  3  years. 
Post-median  Yellow-rumped  Warblers  also  used 
slippery  elm  (5.7%  of  total  basal  area)  in  all  3 
years,  but  especially  in  2001,  and  bur  oak  (7.1% 
of  total  basal  area)  in  2002  and  2003.  A  possible 
explanation  for  preferences  for  these  two  species 
was  provided  by  data  from  the  caterpillar  census 
in  which  both  elm  species  and  bur  oak  at  the 
stopover  site  were  supporting  an  average  of  0.5-3 
caterpillars/120  leaves  (all  species  of  Lepidoptera 
combined;  P.  K.  Strode,  unpubl.  data)  during 
spring  surveys  in  2002  and  2003.  This  range  is 
higher  than  levels  reported  from  other  eastern 
deciduous  forests  (Holmes  et  al.  1979,  Holmes 
and  Schultz  1988);  oaks  commonly  support  a 
greater  abundance  of  caterpillars  than  other  forest 
trees  in  the  temperate  zone  (Summerville  et  al. 
2003).  Later-arriving  Yellow-rumped  Warblers 
are  known  to  feed  heavily  on  caterpillars  at 
stopover  sites  (Graber  et  al.  1983);  caterpillers 
could  have  attracted  Yellow-rumped  Warblers 
from  other  tree  species  with  lower  densities  of 
arthropods.  For  example,  sugar  maple  and  hack¬ 
berry  were  supporting  an  average  of  Q.3-0.4 
caterpillars/120  leaves  (all  Lepidoptera  species 
combined;  P.  K.  Strode,  unpubl.  data)  during 
spring  surveys  in  2002  and  2003. 

The  early  arrival  of  Yellow-rumped  Warblers 
in  2003  influenced  the  greater  number  of 


individuals  counted  in  that  year.  Another  variable 
was  the  number  of  good  weather  days  available 
for  observations  in  2003  compared  to  the  two 
earlier  years.  Nineteen  and  20  days,  respectively, 
beginning  on  JD  101  when  migration  began  in 
both  2001  and  2002,  had  weather  conducive  to 
making  observations,  compared  to  25  observation 
days  (from  JD  101)  in  2003.  There  was  a 
protraction  of  the  entire  migration  event  (15-18 
days  longer)  in  2003  compared  to  the  other  2 
years.  A  3-year  study  in  a  mature  forest  in 
Pennsylvania  at  a  similar  latitude  (40°  42'  N) 
revealed  a  relationship  between  temporal  patterns 
of  transient  migrant  songbirds  (including  Yellow- 
rumped  Warblers)  and  variation  in  timing  of  leaf 
development  (Rodewald  and  Brittingham  2007). 
A  similar  pattern  has  also  been  observed  for  long 
distance  migratory  songbirds  in  Europe  (Sparks  et 
al.  2005).  The  pattern  of  Yellow-rumped  Warbler 
migration  in  each  year  corresponded  with  bud 
break  phenology  at  the  stopover  site  with  the  first 
birds  arriving  as  trees  were  breaking  bud.  A  strong 
association  was  revealed  between  timing  of  tree 
species  used  by  Yellow-rumped  Warblers  (date  of 
median  Yellow-rumped  Warbler  observations), 
and  both  the  date  by  which  trees  had  initiated  bud 
break  and  the  date  on  which  caterpillars  were 
most  abundant.  This  association  Was  further 
strengthened  by  the  positive  relationship  between 
number  of  caterpillars  counted  in  trees  and 
number  of  Yellow-rumped  Warblers  counted  in 
the  same  trees  on  the  same  days.  The  increase  in 
niche  breadth  coupled  with  a  decrease  in  prefer¬ 
ence  index  by  the  post-median  group,  mostly 
females,  suggests  the  selection  of  tree  species  for 
foraging  may  differ  between  males  and  females, 
and  may  also  depend  on  which  trees  are  available 
and  which  have  large  caterpillar  populations.  This 
association  between  phenology,  insect  abundance, 
and  tree-species  use  supports  the  hypothesis  that 
Yellow-rumped  Warbler  tree-species  associations 
are  likely  driven  in  part  by  tree  bud  break 
phenology  and  food  availability. 

Exogenous  plant  and  insect  spring  phenology  is 
driven  in  part  by  spring  weather  (increasing 
temperatures)  (Lysyk  1989,  Hunter  and  Lechowicz 
1992,  Lawrence  et  al.  1997,  Ivashov  et  al.  2002). 
Yellow-rumped  Warblers  are  short-distance  mi¬ 
grants  and  mostly  winter  in  the  temperate  zone;  this 
makes  it  possible  for  them  to  use  daily  weather  to 
fine-tune  their  migration  phenology  in  spring.  I 
have  shown  that  Yellow-rumped  Warblers  can 
adjust  timing  their  migration  to  weather  and  can 
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exploit  temporarily  superabundant  resources  when 
they  arrive  early  at  a  stopover.  They  then  can  switch 
to  the  same  types  of  foraging  that  vireos  and  other 
wood  warblers  use  after  leaves  have  emerged. 

Opportunistic  timing  and  tree  species  use  by 
Yellow-rumped  Warblers  suggest  they  may  be 
among  the  species  that  will  experience  no,  or  little 
negative  effect  from  global  climate  change  as  they 
can  exploit  resources  whenever  they  are  most 
available,  even  when  they  become  available  much 
earlier.  My  results  suggest  the  recent  increases  in 
breeding  and  wintering  ranges  of  this  species,  and 
the  positive  population  trend  in  the  Breeding  Bird 
Survey  (Sauer  et  al.  2003)  may  be  partly  a  result 
of  this  species’  diet  flexibility.  Increases  in  this 
species  may  come  at  the  expense  of  migrants  that 
winter  in  the  Neotropics  (e.g.,  Blackburnian 
Warbler  [Dendroica  fusca]),  which  rely  more  on 
innate  controls  of  migration  timing  and  which  do 
not  have  the  exogenous  cues  available  to  short- 
distance  migrants  to  predict  local  resource 
abundance  during  migration  (Bairlein  and  Huppop 
2004).  This  species  generally  does  not  vary  its 
migration  phenology  in  accordance  with  weather 
on  the  migration  route  or  in  breeding  areas  (P.  K. 
Strode,  unpubl.  data).  Declines  in  migrant  bird 
species  that  have  not  shown  a  phenological 
migration  response  to  climate  change  are  now 
being  detected  (Mpller  et  al.  2008).  Short-distance 
migrants  may  have  distinct  advantages  over  long¬ 
distance  migrants  as  global  temperatures  continue 
to  warm.  The  result  may  be  either  decreases  in 
populations  of  Neotropic  migrants  or  increases  of 
populations  of  migrants  that  winter  closer  to 
breeding  areas.  Alternatively,  selection  may  favor 
Neotropic  migrants  that  leave  winter  areas  earlier. 
For  example.  Smith  and  Moore  (2005)  show  that 
early-arriving  female  American  Redstarts  (Seto- 
phaga  ruticilla)  on  the  Upper  Peninsula  of 
Michigan  produce  larger  clutches  and  heavier 
offspring  than  those  that  arrive  later.  These 
individuals  and  other  early  arriving  individuals 
may  be  vulnerable  to  arriving  too  early,  before 
appropriate  conditions  are  available  (Gordo  2007), 
or  to  the  occasional  late  spring  and  may  not  be  able 
to  exploit  alternative  resources  such  as  fruit  and 
aquatic  insects  that  enable  Yellow-rumped  War¬ 
blers  to  survive  south  temperate  winters  (Hunt  and 
Flaspohler  1998).  Interspecific  variation  among 
taxa,  such  as  warblers,  in  their  ability  to  adapt  to 
changing  resource  phenology  may  cause  major 
changes  in  the  composition  of  bird  communities 
(Devictor  et  al.  2008). 
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HABITAT  SELECTION  BY  CERULEAN  WARBLERS  IN 
EASTERN  KENTUCKY 

PATRICIA  J.  HARTMAN,1'2'5  DAVID  S.  MAEHR,1'3 *  AND  JEFFERY  L.  LARKIN14 

ABSTRACT. — We  examined  habitat  characteristics  associated  with  Cerulean  Warblers  ( Dendroica  cerulea)  in  breeding 
areas  on  the  Cumberland  Plateau  in  eastern  Kentucky.  Cerulean  Warbler  distribution  was  examined  in  2004  within  a  large 
forest  stand  and  no  differences  were  found  between  occupied  and  unoccupied  areas.  We  examined  differences  between 
preferred  song  perches  and  random  points  in  2005,  and  identified  three  potentially  important  predictors  of  Cerulean  Warbler 
habitat:  large  diameter  trees,  east-facing  aspect,  and  high  shrub  cover.  Cerulean  Warbler  habitat  selection  on  the 
Cumberland  Plateau  appears  to  be  similar  to  other  well-studied  portions  of  the  breeding  range.  Conservation  and 
management  efforts  directed  toward  establishing  and  protecting  large  tracts  of  mature  forest,  especially  those  on  east-facing 
slopes,  should  be  a  reasonable  approach  to  managing  Cerulean  Warbler  populations  in  this  area.  Received  9  October  2007. 
Accepted  1 1  March  2009. 


The  Cerulean  Warbler  ( Dendroica  cerulea )  is  a 
neotropical  migratory  songbird  that  has  gained 
widespread  attention  as  a  species  of  conservation 
and  management  concern.  It  breeds  in  mature, 
deciduous  forests  of  eastern  North  America  and 
has  experienced  range-wide  declines  over  the  last 
40  years  (Sauer  et  al.  2007),  especially  in 
historically  high-density  areas  including  the 
Cumberland  Plateau  (Hamel  2000b).  It  is  current¬ 
ly  a  high  conservation  priority  and  a  species  of 
concern  in  13  states  and  Canada  (Rosenberg  et  al. 
2000).  Its  management  is  particularly  challenging 
in  Kentucky  where  <8%  of  the  land  is  in  public 
ownership  (Kentucky  Department  of  Fish  and 
Wildlife  Resources  2005). 

Successful  management  of  Cerulean  Warblers 
depends  on  a  thorough  understanding  of  its  habitat 
requirements.  Vegetative  characteristics  associat¬ 
ed  with  nesting  Cerulean  Warblers  have  been 
examined  in  many  parts  of  its  breeding  range 
(Robbins  et  al.  1992,  Oliamyk  and  Robertson 
1996,  Hamel  2000a,  Jones  and  Robertson  2001) 
where  tract  size,  stand  age,  and  extent  of 
fragmentation  are  thought  to  be  important  (Hamel 
2000b,  Weakland  and  Wood  2005).  However, 
habitat  use  by  this  species  remains  poorly 
understood  and  sufficient  regional  ecological 
variation  exists  that  site-specific  research  is 
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needed  to  develop  appropriate  conservation  plans 
(Hamel  et  al.  2004). 

Our  objectives  were  to:  (1)  describe  Cerulean 
Warbler  breeding  habitat  in  high-density  breeding 
areas  on  the  Cumberland  Plateau  (~7  territories/ 
10  ha),  and  (2)  identify  which  habitat  features 
were  predictive  of  its  distribution  within  the 
environment.  We  examined  Cerulean  Warbler 
habitat  at  two  spatial  scales.  First,  we  examined 
its  distribution  within  a  large  forest  tract.  Second, 
we  examined  habitat  features  within  territories, 
specifically  song  perches. 

METHODS 

Study  Area. — The  Morehead  District  of  the 
Daniel  Boone  National  Forest  (DBNF)  in  east- 
central  Kentucky  includes  portions  of  Rowan, 
Bath,  and  Menifee  counties.  It  is  on  the  Pottsville 
escarpment  at  the  northwest  boundary  of  the 
Cumberland  Plateau  and  the  southwest  boundary 
of  the  Allegheny  Plateau  (Smalley  1986).  The 
Cumberland  Plateau  is  within  the  core  of  the 
breeding  range  of  the  Cerulean  Warbler  and 
Kentucky  has  been  identified  as  one  of  the  largest 
gaps  in  knowledge  of  the  breeding  distribution 
(Rosenberg  et  al.  2000:10).  The  region  is 
characterized  by  rough  topography  with  narrow, 
winding  ridge  tops,  steep  slopes,  and  deep,  narrow 
ravines.  Ridges  are  oriented  in  a  north-south 
direction,  and  elevation  ranges  from  212  to  394  m 
above  sea  level. 

Oak-hickory  ( Quercus-Catya )  forest  typically 
dominates  drier  ridge  tops  while  mixed  meso- 
phytic  forests  are  on  east  and  north-facing  slopes 
(Overstreet  1989,  Martin  2003).  Canopy  co¬ 
dominants  include  tulip  poplar  ( Liriodendron 
tulipfera ),  sugar  maple  ( Acer  saccharum),  north- 
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ern  red  oak  ( Quercus  rubra),  white  oak  ( Q .  alba), 
black  oak  ( Q .  velutina),  chestnut  oak  ( Q .  prinus), 
white  ash  ( Fraxinus  americana),  shagbark  hickory 
(Carya  ovata),  mockernut  hickory  (C.  tomentosa), 
and  pignut  hickory  (C.  glabra).  Cucumbertree 
(. Magnolia  acuminata),  American  basswood  ( Tilia 
americana),  black  walnut  ( Juglans  nigra),  and 
chinquapin  oak  (Q.  muhlenbergii)  can  be  canopy 
components.  Flowering  dogwood  ( Cornus  flor- 
ida),  sourwood  ( Oxydendrum  arboreum),  eastern 
redbud  ( Cercis  canadensis),  eastern  hophornbeam 
( Ostrya  virginiana),  and  downy  serviceberry 
(. Amelanchier  arborea)  are  frequent  in  the  under¬ 
story.  Common  shrubs  include  spicebush  ( Lindera 
benzoin),  pawpaw  ( Asimina  triloba),  greenbriar 
( Smilax  spp.),  and  a  variety  of  tree  saplings. 

Point  Counts. — We  established  five  1-km2  survey 
grids  in  spring  2004  in  Buffalo  Branch  (38°  12'  N, 
83°  21'  W),  a  1,600-ha  stand  of  50-100  year-old 
mixed  hardwoods  in  DBNF  near  Morehead, 
Kentucky.  Grids  were  placed  randomly  and  point 
count  stations  within  grids  were  established  sys¬ 
tematically  at  250  m  intervals.  Each  grid  contained 
20  point  count  locations  for  a  total  of  100  points. 
Grids  were  spaced  at  least  250  m  apart. 

We  conducted  point  counts  in  2004  to  detect 
Cerulean  Warbler  presence  within  the  Buffalo 
Branch  study  area.  All  bird  species  detected  during 
point  counts  were  recorded  with  special  attention 
given  to  avian  nest  predator  (American  crow 
[Corvus  brachyrhynchos].  Blue  Jay  [Cyanocitta 
cristata],  and  Common  Grackle  [Quiscalus  quis- 
cula ])  and  brood  parasite  (Brown-headed  Cowbird 
[Molothrus  ater])  abundance.  Ten  minute,  50-m 
fixed  radius  point  counts  (Ralph  et  al.  1 993,  Hamel 
et  al.  1996)  were  conducted  on  the  five  grids  (n  = 
100  point  count  stations).  Surveys  were  conducted 
between  sunrise  and  1 000  hrs  EDT  on  days  without 
rain  or  high  wind  (>20  km/hr).  Point  counts  were 
conducted  by  three  observers  skilled  in  bird 
identification  and  trained  in  distance  estimation. 

Cerulean  Warblers  were  classified  as  present  if 
visually  or  aurally  detected  <50  m  from  the  point 
center,  or  absent  if  not  detected  or  >50  m  from 
the  point  center  within  the  10  min  survey 
(Nicholson  2003).  Detection  of  the  target  species 
clearly  indicated  its  presence  at  a  survey  point,  but 
non-detection  was  not  sufficient  to  classify  it  as 
absent  (MacKenzie  et  al.  2002)  and  may  have 
resulted  in  underestimation  of  site  occupancy  (Gu 
and  Swihart  2004).  Each  point  was  surveyed  twice 
during  the  breeding  season  (20-26  May  and  7-1 1 
Jun)  to  reduce  the  likelihood  of  non-detection. 


We  sampled  topography  and  vegetation  features 
at  each  point  count  location.  Plots  were  centered  on 
the  point  count  station  and  included  a  50-m  radius 
circle  around  each  point  (Petit  et  al.  1995). 
Measurements  included  tree  species  composition, 
basal  area,  average  diameter  at  breast  height 
(DBH),  canopy  cover,  slope,  and  aspect.  Basal  area 
(nf/ha)  was  estimated  using  a  2.5-factor  metric 
prism.  We  identified  plants  to  species  and  measured 
DBH  for  each  tree  within  the  prism  plots.  Percent 
cover  of  the  canopy  (>18  m  in  height),  midstory 
(>3-18  m),  and  understory  (0-3  m)  within  the  50- 
m  radius  were  visually  estimated.  Estimates  were 
made  by  three  observers  who  standardized  their 
observations  prior  to  start  of  vegetation  work. 

Song  Perch  Selection. — We  established  four  20- 
ha  study  plots  within  a  3,500  ha  forest  tract 
(38°  3'  N,  83°  31'  W)  in  DBNF  in  2005  within 
the  Pioneer  Weapons  and  Clear  Creek  Management 
areas.  These  plots  were  established  by  members  of 
the  Cerulean  Warbler  Technical  Group  (CWTG)  for 
a  multi-state  research  project  to  examine  Cerulean 
Warbler  response  to  forest  management.  Timber 
harvest  treatments  had  not  occurred  on  the  CWTG 
plots  during  our  study  and  the  forest  within  these 
plots  was  80-120  years  old.  Plots  were  gridded  and 
flagged  at  25-m  intervals  using  a  compass  and 
rangefinder.  Plot  boundaries  were  surveyed  with  a 
global  positioning  system  (GPS)  unit. 

We  used  spot-mapping  to  identify  individual 
territory  holders  (Bibby  et  al.  2000)  within  the 
four  CWTG  plots.  Surveys  were  conducted  from 
one-half  hour  after  sunrise  to  1030  hrs  EDT  by 
four  observers  experienced  in  songbird  identifi¬ 
cation  and  trained  in  spot  mapping  procedures. 
Each  plot  was  censused  every  fourth  day  between 
2  and  30  May  for  a  total  of  eight  visits  per  plot. 
Observers  walked  at  a  slow  pace  during  each 
census,  and  approached  within  50  m  of  each  grid 
point.  Starting  points  and  routes  through  the  plots 
varied  between  surveys.  We  recorded  bird  gender, 
activity  (singing,  calling,  carrying  nest  material  or 
food),  territorial  interactions,  and  location  for 
each  individual  encountered.  We  mapped  territo¬ 
ries  of  individual  males  to  identify  song  perches 
and  delineate  territory  boundaries.  Territorial 
males  were  followed  for  30  min  and  song  perches 
were  flagged  at  least  once  per  week  between  25 
April  and  30  May.  Males  were  not  banded  in  this 
study,  but  we  were  confident  in  our  ability  to 
delineate  territory  boundaries  because  of  frequent 
counter  singing  by  neighboring  males  and  the 
observer’s  familiarity  with  each  territory. 
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TABLE  1.  Microhabitat  and  avian  community  variables  used  to  model  Cerulean  Warbler  presence  vs.  absence  and 
song  post  vs.  random  points  in  eastern  Kentucky. 

Variable 

Ecological  function 

Reference 

Aspect,  E  or  W 

Food  availability,  thermoregulation 

Nicholson  2003,  Weakland  and  Wood  2005 

Basal  area,  m2/ha 

Nesting  substrate  and  concealment, 
predator  deterrent 

Martin  1992,  Jones  and  Robertson  2001, 
Nicholson  2003 

Carya  basal  area 

Food  availability 

Gabbe  et  al.  2002 

Dead  tree  basal  area,  nf/ha 

Song  perches,  canopy  gaps 

Weakland  and  Wood  2005 

Average  dbh 

Nesting  substrate,  territorial  perches 

Hamel  2000a,  b;  Barg  2002,  Nicholson 

2003 

DBH,  territory  vs.  average-size 
tree  on  random  plot 

Song  perches 

Hamel  2000a,  b;  Barg  2002,  Nicholson 

2003 

Canopy  cover,  % 

Nest  concealment,  avoid  aerial 
predators 

Jones  and  Robertson  2001,  Weakland  and 
Wood  2005 

Midstory  cover,  % 

Distinct  canopy  layers,  increased 
habitat  complexity 

Jones  and  Robertson  2001,  Weakland  and 
Wood  2005 

Understory  cover,  % 

Canopy  gaps,  fledgling  protection 

Jones  and  Robertson  2001,  Nicholson  2003 

Percent  cover  0-3  m 

Canopy  gaps,  fledgling  protection 

Jones  and  Robertson  2001,  Nicholson  2003 

Percent  cover  >6-12  m 

Distinct  canopy  layers,  increased 
habitat  complexity 

Jones  and  Robertson  2001,  Weakland  and 
Wood  2005 

Percent  cover  >18-24  m 

Food  and  nest  site  availability 

Jones  and  Robertson  2001 

Damaged  trees,  % 

Canopy  gaps 

Hamel  2000a,  b;  Weakland  and  Wood  2005 

Cowbird  presence 

Brood  parasitism 

Martin  1992 

Number  of  nest  predators 

Nest  predation 

Martin  1992 
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Territories  and  random  points  were  sampled 
within  each  of  the  four  study  plots  to  characterize 
the  study  area  and  to  compare  territories  with 
available  habitat.  Territory  plots  (1/male)  were 
centered  on  frequently  used  song  perches  of 
males,  which  were  identified  during  nest-search¬ 
ing  and  territory  mapping.  Random  plots  were 
centered  on  randomly-chosen,  grid  points  (20  of 
100  available  points/grid).  Habitat  measurements 
were  collected  in  coordination  with  the  CWTG 
multi-state  study.  Plot  measurements  included 
basal  area,  average  DBH,  tree  height,  species 
composition,  slope,  aspect,  and  percent  canopy 
cover  in  six  height  classes  (0.5-3,  >3-6,  >6-12, 
>12-18,  >18-24,  and  >24  m).  Height  and 
number  of  stems  of  saplings  and  shrubs  were 
recorded  within  a  3-m  radius  of  each  plot  center. 

Statistical  Analyses. — We  used  the  Information- 
Theoretic  approach  (Burnham  and  Anderson 
2002)  to  construct  and  evaluate  two  sets  of 
models  (Presence-Absence  and  Song  Perch-Ran¬ 
dom).  This  method  uses  Akaike’s  Information 
Criterion  (AIC)  to  estimate  the  Kullback-Liebler 
(K-L)  distance  between  reality  and  an  individual 
model.  AICc  values  were  calculated  to  correct  for 
small  sample  size  (Burnham  and  Anderson  2002). 
The  model  with  the  lowest  AICc  value  was 
considered  the  best  approximating  model  given 
the  data  and  set  of  specified  models.  The  weight 


of  the  evidence  favoring  a  particular  model  was 
examined  using  AIC  differences  (Aaic)  between 
models,  Akaike  weights  (w;),  and  evidence  ratios. 
Models  with  AAjC  <  2  were  considered  to  have 
substantial  support  while  models  within  3-7  A^c 
had  considerably  less  support;  models  with  >10 
Aaic  had  virtually  no  support  (Burnham  and 
Anderson  2002).  Akaike  weight  was  interpreted 
as  the  probability  that  a  given  model  was  the  best 
given  the  data  and  set  of  models.  We  used  the 
PROC  LOGISTIC  function  in  SAS®  (SAS 
Institute  1999)  to  perform  all  statistical  analyses. 

The  relationships  between  Cerulean  Warbler 
presence-absence  and  territory-available  habitat 
were  modeled  using  logistic  regression.  We  built 
models  within  each  data  set  based  on  ecological 
processes  that  influence  reproduction  and  surviv¬ 
al:  nesting,  predator  avoidance,  and  food  avail¬ 
ability.  Variables  were  selected  for  inclusion  in  a 
model  based  on  previous  studies  of  Cerulean 
Warbler  habitat  selection  and  field  observations 
(Table  1).  Habitat  and  topographic  variables 
thought  to  be  important  in  an  ecological  process 
within  model  types  were  selected  for  a  general 
model  and  progressively  reduced  to  the  2-3 
variables  considered  most  essential  to  that  pro¬ 
cess.  One  variable  in  each  pair  was  eliminated  for 
pairs  of  habitat  variables  with  Pearson  correlation 
coefficients  >0.3;  the  variable  presumed  to  be 
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most  biologically  relevant  was  included.  The 
number  of  variables  within  each  candidate  model 
ranged  from  two  to  five. 

Nine  a  priori  candidate  models  were  developed 
to  predict  Cerulean  Warbler  presence-absence 
within  the  Buffalo  Branch  grids.  The  dependent 
variable  was  Cerulean  Warbler  presence  within 
50  m  of  a  survey  point;  predictor  variables 
consisted  of  habitat  characteristics  and  the 
average  number  of  nest  predators  or  brood 
parasites  per  station.  Tree  species  diversity  and 
Carya  basal  area  were  highly  correlated;  we 
excluded  species  diversity  from  presence-absence 
models  because  Carya  has  been  suggested  as 
preferred  foraging  sites  (Gabbe  et  al.  2002)  and 
song  perches  (Barg  et  al.  2006) 

Models  for  presence-absence  data  included 
basal  area,  DBH,  percent  canopy  cover,  percent 
midstory  cover,  and  aspect.  We  expected  each  of 
these  to  be  higher  in  occupied  than  in  unoccupied 
areas  with  the  exception  of  midstory  and  aspect 
because  they  provide  nesting  substrate  and 
concealment.  Midstory  cover  was  expecjted  to  be 
lower  because  Cerulean  Warblers  are  known  to 
nest  at  least  5  m  above  an  open  space  (Hamel 
2000a).  Predator  avoidance  models  included 
percent  canopy  cover,  percent  understory  cover, 
number  of  nest  predators,  and  presence  or  absence 
of  Brown-headed  Cowbirds.  Canopy  cover  was 
expected  to  be  higher  because  of  its  role  in 
concealment  of  nests  and  incubating  females  from 
aerial  predators.  Understory  cover  was  also 
expected  to  be  higher  because  of  its  potential 
importance  in  providing  post-fledging  habitat  for 
young  (Anders  et  al.  1998,  Vega  Rivera  et  al. 
1998).  Nest  predator  and  Brown-headed  Cowbird 
data  obtained  from  point  counts  were  included 
because  nest  predation  and  brood  parasitism 
account  for  most  songbird  nest  failures  (Martin 
1992).  The  food  availability  model  included 
Carya  basal  area,  percent  damaged  trees,  and 
aspect.  We  believed  increased  Carya  basal  area 
and  presence  of  damaged  trees  could  increase 
insect  abundance  and  diversity.  Similarly,  differ¬ 
ences  in  aspect  could  exert  an  influence  on  food 
availability  through  insect  activity  patterns. 

Eight  a  priori  candidate  models  were  developed 
to  compare  habitat  at  frequently-used  song  perches 
with  random  points  in  the  CWTG  plots.  The 
dependent  variable  was  the  local  patch  (song  perch 
vs.  random  point),  and  predictor  variables  included 
habitat  conditions  at  each  sample  point.  Numbers  of 
sapling  and  shrub  stems  were  positively  correlated 


TABLE  2.  Independent  variables  for  nine  logistic 
regression  models  predicting  Cerulean  Warbler  presence 
at  point  count  stations  in  Buffalo  Branch,  Daniel  Boone 
National  Forest,  eastern  Kentucky.  Aaic  values  and  Akaike 
weights  (w,-)  are  presented. 

Model 

Aaic 

% 

DBH,  aspect 

0.00 

0.29 

Intercept  alone 

Basal  area,  DBH,  %  canopy,  %  midstory. 

0.05 

n/a 

aspect 

0.56 

0.22 

DBH,  %  canopy,  %  midstory,  aspect 

DBH,  #  nest  predators,  aspect,  %  canopy, 

1.02 

0.17 

%  understory 

1.92 

0.11 

#  nest  predators,  %  canopy 

2.20 

0.10 

DBH,  #  nest  predators,  aspect 

2.93 

0.07 

%  damage,  Carya  basal  area,  aspect 

5.27 

0.02 

#  nest  predators,  %  understory 

#  nest  predators,  %  canopy,  %  understory, 

5.80 

0.02 

#  cowbirds 

7.73 

0.01 

with  canopy  cover  between  0  and  3  m.  We  were 
interested  in  structural  complexity  at  that  height,  but 
not  in  differences  between  saplings  and  shrubs; 
thus,  we  used  percent  cover  at  0-3  m  and 
eliminated  all  shrub  and  sapling  variables  from 
the  models.  We  were  able  to  reduce  the  number  of 
variables  related  to  canopy  cover  because  percent 
cover  at  >6-12  and  >12-18  m  were  highly 
correlated,  as  were  percent  cover  at  >18-24  and 
>24  m.  Consequently,  only  percent  cover  >6-12 
and  >18-24  m  were  used  in  modeling. 

RESULTS 

Presence  and  Absence. — Cerulean  Warblers 
were  present  within  50  m  of  the  observer  at  24  of 
100  point  count  stations.  The  best-supported 
logistic  regression  model  included  DBH  and 
aspect  (east  or  west)  (Table  2).  This  model  had 
an  AICc  =  100.3  and  an  AIC  weight  of  0.29, 
indicating  it  had  a  29%  chance  of  being  the  best  of 
the  nine  models  analyzed.  However,  this  model 
was  only  0.05  AICc  units  from  the  model 
containing  the  x-intercept  alone,  indicating  it  was 
not  significantly  better  than  a  model  without  any  of 
the  variables.  Thus,  no  model  was  supported  by  the 
data  and  we  performed  subsequent  exploratory 
analysis.  We  used  f-tests  to  examine  differences  in 
mean  values,  (continuous  variables)  and  Chi-square 
tests  to  examine  differences  in  expected  propor¬ 
tions  (class  variables,  i.e.,  aspect)  between  occu¬ 
pied  and  unoccupied  sites.  These  tests  indicated 
Cerulean  Warblers  were  found  disproportionately 
on  east-facing  aspects  within  the  study  area. 
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TABLE  3.  Independent  variables  for  eight  logistic 
regression  models  predicting  Cerulean  Warbler  song  posts 
vs.  random  points  within  the  Cerulean  Warbler  Technical 
Group  plots,  Daniel  Boone  National  Forest,  eastern 
Kentucky.  Aaic  values  and  Akaike  weights  (w,)  are 
presented. 

Model 

Aaic 

Wj 

DBH,  aspect 

0.000 

0.547 

DBH,  aspect,  %  cover  0-3  m 

1.677 

0.236 

DBH,  aspect,  %  cover  0-3  m,  %  cover 

>18-24  m 

2.964 

0.124 

DBH,  aspect,  %  cover  0-3  m,  %  cover 

>6-12  m,  %  cover  >18-24  m 

4.716 

0.052 

DBH,  aspect,  %  cover  0-3  m,  %  cover 

>18-24  m,  dead  tree  basal  area 

5.173 

0.041 

Aspect,  %  cover  0-3  m,  %  cover  > 

18-24  m 

24.517 

0.000 

Aspect,  °Io  cover  0-3  m,  %  cover  > 

18-24  m,  dead  tree  basal  area 

25.771 

0.000 

%  cover  0-3  m,  %  cover  >18-24  m 

35.033 

0.000 

Territory  Selection. — The  comparison  between 
48  song  perches  and  80  random  points  within  the 
CWTG  plots  indicated  two  of  eight  logistic 
regression  models  received  considerable  support: 
DBH/Aspect  and  DBH/Aspect/percent  cover  0- 
3  m  (Table  3).  These  models  had  AICc  values  of 
141.26  and  142.94,  respectively.  None  of  the 
other  models  was  within  two  AICc  units  of  the 
best  model,  suggesting  there  was  considerably 
less  evidence  to  support  the  models.  Akaike 
weights  indicated  the  DBH/Aspect  model  had  a 
55%  chance  of  being  the  best  of  the  eight  models 
analyzed  while  DBH/Aspect/percent  cover  0-3  m 
had  a  24%  chance.  The  evidence  ratio  of  the  third 
best  model  in  the  set  was  almost  five,  suggesting 
the  best  model  was  nearly  five  times  more  likely 
to  be  the  best  model  in  the  set.  DBH  and  aspect 
were  identified  as  important  predictors  of  Ceru¬ 
lean  Warbler  territories  and  a  third  variable, 
percent  cover  at  0-3  m,  was  also  supported. 

DISCUSSION 

The  results  from  presence  and  absence  model¬ 
ing  were  inconclusive.  No  habitat-related  differ¬ 
ences  were  significant  in  the  logistic  regression 
models.  Other  studies  of  occupied  and  unoccupied 
sites  have  found  higher  basal  area  (Robbins  et  al. 
1992,  Jones  and  Robertson  2001),  larger  tree 
diameters  (Robbins  et  al.  1992,  Jones  and 
Robertson  2001,  Nicholson  2003,  Roth  2004), 
and  increased  understory  cover  (Nicholson  2003) 
in  areas  where  Cerulean  Warblers  were  present. 


The  failure  to  detect  differences  in  occupied  and 
unoccupied  areas  could  be  related  to  sampling 
method,  which  may  not  have  adequately  captured 
habitat  features  associated  with  Cerulean  War¬ 
blers.  Plots  were  centered  on  the  point  count 
station  rather  than  on  Cerulean  Warbler  singing  or 
nesting  locations.  A  50-m  radius  vegetation  plot 
encompasses  8,000  m2,  but  Cerulean  Warblers 
may  use  only  a  small  fraction  of  the  sampled  area. 
Cerulean  Warblers  may  choose  habitat  at  a  higher 
level  than  the  microhabitat  variables  collected  in 
this  study;  landscape-level  features  such  as 
distance  to  road  and  distance  to  edge  may  have 
been  more  appropriate  measurements. 

Our  findings  suggest  three  microhabitat  char¬ 
acteristics  are  potential  predictors  of  Cerulean 
Warbler  singing  locations:  large  diameter  trees, 
understory  density,  and  east-facing  aspect.  Tree 
diameter  and  aspect  were  particularly  important, 
as  both  variables  were  included  in  the  five  best 
logistic  regression  models. 

Large  diameter  trees  have  been  associated  with 
Cerulean  Warbler  habitat  throughout  the  breeding 
range  (Lynch  1981,  Robbins  et  al.  1992,  Jones  and 
Robertson  2001,  Barg  2002,  Nicholson  2003).  Song 
perches  in  the  Pioneer  Weapons  plots  tended  to  be 
in  larger  than  average-sized  trees  (54  vs.  40  cm 
dbh).  Our  study  supports  the  hypothesis  that  size  of 
a  song  perch  tree  relative  to  other  trees  in  the  stand 
may  be  more  important  than  absolute  size  due  to 
range-wide  variation  in  soils,  topography,  and  tree 
species  composition  (Hamel  2000b).  Males  may 
select  territories  with  large,  prominent  trees  because 
they  serve  as  good  “advertising  locations”  to 
attract  mates.  Barg  et  al.  (2006)  suggested  that  late 
leaf-out  may  be  important  in  conjunction  with  tree 
size  by  allowing  for  better  transmission  of  song  in 
Ontario.  We  did  not  record  timing  of  leaf-out,  but 
males  were  frequently  observed  singing  on  open 
branches  high  in  the  forest  canopy  early  in  the 
breeding  season;  the  song  transmission  hypothesis 
warrants  further  investigation  in  other  portions  of 
the  breeding  range.  Territories  with  large  trees  may 
provide  indirect  benefits  associated  with  higher 
canopy  density  including  increased  foraging  oppor¬ 
tunities  (Marshall  and  Cooper  2004),  and  reduced 
predation  on  nests  and  incubating  females  (Bow¬ 
man  and  Harris  1980,  Martin  and  Roper  1988). 

Aspect  was  an  important  predictor  of  Cerulean 
Warbler  habitat  use  and  song  perch  placement 
with  >85%  of  Cerulean  Warblers  detected  in 
point  counts  and  >95%  of  song  perches  occurring 
on  east-facing  slopes.  Similarly,  >85%  of  terri- 
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tories  were  on  northeast  aspects  and  ridge  tops  in 
Tennessee  (Nicholson  2003)  and  West  Virginia 
(Weakland  and  Wood  2005).  Aspect  used  appears 
to  coincide  with  more  mesic  and  protected  sites 
compared  to  the  surrounding  area.  Aspect  could 
have  a  role  in  temperature  regulation  of  individ¬ 
uals  and  at  the  nest.  East  and  northeast  slopes  are 
oriented  toward  sunrise,  which  would  allow  birds 
to  take  advantage  of  the  morning  sun  while 
avoiding  mid-day  heat  stress  (Calder  1973).  East¬ 
facing  slopes  in  Kentucky  face  away  from  the 
prevailing  westerly  and  southwesterly  winds,  and 
may  be  an  important  factor  in  regulating  nest 
microclimate  and  avoiding  storm  damage  (Austin 
1976). 

The  conventional  finding  that  Cerulean  War¬ 
blers  use  large  diameter  trees  in  a  multi-layered 
canopy  appears  to  be  important  on  the  Cumber¬ 
land  Plateau.  Particular  tree  species  are  likely  not 
as  important  as  the  structure  the  trees  provide,  but 
east-facing  mixed  mesophytic  conditions  seem  to 
be  used  most  often.  A  dense  shrub  layer  may 
provide  critical  post-fledging  habitat  for  the 
Cerulean  Warbler  and  other  forest  songbirds. 
However,  given  the  scarcity  of  large  tracts  of 
mature  forest  on  the  Cumberland  Plateau,  active 
forest  management  should  be  undertaken  with 
caution  until  we, better  understand  canopy  gap 
function.  Conservation  and  management  directed 
toward  protecting  and  establishing  large  tracts  of 
mature  forest,  especially  on  mesic,  sheltered  sites, 
is  a  reasonable  approach  to  protecting  Cerulean 
Warbler  populations  in  breeding  areas. 
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NEST-SITE  SELECTION  AND  NEST  SURVIVAL  OF  EARLY 
SUCCESSIONAL  BIRDS  IN  CENTRAL  PENNSYLVANIA 

KATIE  L.  SCHILL1  AND  RICHARD  H.  YAHNER1-2 


ABSTRACT. — We  studied  nest-site  selection  and  nest  survival  of  early  successional  birds  at  the  Barrens  Grouse  Habitat 
Management  Area  in  central  Pennsylvania  in  2006  and  2007.  We  compared  vegetation  at  nests  to  that  at  sites  30  m  distant 
to  examine  microhabitat  characteristics  related  to  nest-site  selection  and  which  characteristics  were  associated  with  nest 
survival.  Daily  nest  survival  probability  was  0.968  ±  0.006  (SE)  for  Chestnut-sided  Warblers  ( Dendroica  pensylvanica), 
0.935  ±  0.014  for  Field  Sparrows  (Spizella  pusilla ),  0.955  ±  0.01 1  for  Indigo  Buntings  (Passerina  cyanea),  and  0.960  ± 
0.005  for  all  species  combined.  Nest-site  selection  was  best  characterized  by  high  woody  stem  density  for  Chestnut-sided 
Warblers,  Indigo  Buntings,  and  all  species  combined.  Nest  survival  increased  with  woody  stem  density,  indicating  that  nest- 
site  preferences  may  be  adaptive.  Ground  cover  best  predicted  nest  placement  for  Field  Sparrows  but  no  measured  variable 
affected  nest  survival  for  this  species.  We  suggest  that  severe  defoliation  by  gypsy  moths  ( Lymantria  dispar)  in  2007  had 
little  effect  on  nest  predation  risk  for  early  successional  birds.  Received  25  January  2008.  Accepted  3  March  2009. 


Many  neotropical  migrant  bird  species  in  the 
northeastern  United  States  are  experiencing  popu¬ 
lation  declines  (Sauer  et  al.  2008).  Those  using 
early  successional  habitats  appear  to  be  at  partic¬ 
ularly  great  risk,  perhaps  because  of  habitat  loss  due 
to  forest  maturation  (Askins  1993,  Litviatis  1993). 
Species  nesting  in  shrubs  also  may  experience 
higher  rates  of  nest  predation  than  those  nesting  on 
the  ground  or  in  trees  (Martin  1992,  1993a).  Nest 
predation  can  reduce  recruifnlent  to  a'  population 
and  affect  population  size  (Martin  1 992,  Sherry  and 
Holmes  1992).  Information  relating  demographic 
parameters  to  habitat  characteristics  is  essential  for 
identifying  high-quality  habitats  as  conservation 
priorities,  for  examining  causes  of  population 
change,  and  for  predicting  consequences  of  habitat 
change  (Sherry  and  Holmes  1995).  Studies  ad¬ 
dressing  processes  such  as  nest  survival  at  the 
species-assemblage  level  provide  important  data  for 
monitoring  effectiveness  of  habitat  management 
activities  that  affect  entire  communities. 

Nest  predation  is  the  primary  source  of  nest 
mortality  for  most  bird  species  (Ricklefs  1969; 
Martin  1992,  1993b).  Predation  risk  varies  not  only 
among  habitat  types  but  also  at  the  microhabitat 
scale.  Many  species  choose  nest  sites  nonrandomly 
with  respect  to  vegetation  characteristics  (Martin 
and  Roper  1988,  Holway  1991,  Knopf  and  Sedg¬ 
wick  1992),  and  some  may  preferentially  select  nest 
sites  with  lower  predation  risk  (Martin  1992,  1998; 
Siepielski  et  al.  2001).  Nest-site  preferences  may  be 
adaptive,  if  heritable,  when  birds  choose  sites 
associated  with  low  nest  predation  risk. 
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A  number  of  studies  have  identified  microhabitat 
characteristics  that  may  be  important  for  nest-site 
selection  or  nest  survival,  including  foliage  density 
and  concealment  (Martin  1992,  Kelly  1993,  Nor- 
ment  1993,  Johnson  1997),  nest  height  (Best  and 
Stauffer  1980,  Wilson  and  Cooper  1998),  substrate 
(Schmidt  and  Whelan  1999),  and  composition  of 
vegetation  surrounding  nests  (Martin  and  Roper 
’1988).  We  examined  the  relationship  of  these 
factors  to  nest-site  selection  and  nest  survival  for 
an  early  successional  bird  community,  focusing  on 
individual  species  when  possible.  Our  objectives 
were  to  identify:  (1)  which  microhabitat  character¬ 
istics  were  selected  by  early  successional  birds,  (2) 
which  characteristics  were  associated  with  lower 
predation  risk,  and  (3)  whether  birds  selected 
characteristics  associated  with  lower  predation  risk. 

Defoliation  by  gypsy  moth  ( Lymantria  dispar) 
larvae  drastically  altered  the  vegetation  structure 
at  our  site  during  1  year  (2007)  of  the  study.  Nest 
predation  may  increase  in  defoliated  areas  in  years 
following  a  gypsy  moth  outbreak  (Thurber  et  al. 
1994),  but  defoliation  in  closed-canopy  forests 
may  create  more  nesting  substrate  for  shrub¬ 
nesting  birds  by  allowing  more  light  to  reach 
shrub  layers  (Bell  and  Whitmore  1997,  2000). 
However,  few  studies  have  addressed  effects  of 
defoliation  on  nest  predation  risk  during  outbreak 
years.  We  did  not  attempt  to  relate  nest  survival  to 
defoliation  directly  but  examined  temporal  chang¬ 
es  in  nest  survival  that  may  correspond  to  periods 
of  heavy  defoliation. 

METHODS 

The  Barrens  Grouse  Habitat  Management  Area 
(GHMA),  which  is  part  of  State  Game  Lands  176, 
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is  in  Centre  County,  Pennsylvania  in  the  Ridge 
and  Valley  province  (Yahner  1993,  2003).  It 
contains  136  square,  contiguous  4-ha  blocks  in  a 
sector  treated  by  even-age  management  with  each 
block  consisting  of  four  1-ha  (100  X  100  m)  plots 
(A-D,  labeled  clockwise).  We  used  the  76  blocks 
classified  as  mixed-oak  ( Quercus  spp.)  cover  type 
because  it  is  the  most  common  cover  type  in 
Pennsylvania  (McWilliams  et  al.  2004).  Plots  A, 
B,  and  C  in  each  block  were  clearcut  with 
retention  of  overstory  trees  (15-20  trees  >10  cm 
dbh/plot)  in  three  cutting  cycles  during  winters 
1976-1977,  1986-1987,  and  1999-2000,  respec¬ 
tively,  but  D  plots  remained  uncut.  We  used  only 
C  plots  (76  ha  total),  which  were  at  least  100  m 
apart  and  surrounded  by  older  forest  (Schill  2007). 

Common  overstory  trees  were  white  oak  ( Quer¬ 
cus  alba),  chestnut  oak  ( Q .  montanus),  scarlet  oak 
( Q .  coccinea),  northern  red  oak  ( Q .  rubra),  and 
pignut  hickory  ( Carya  glabra).  Major  understory 
and  shrub  species  were  oak,  red  maple  ( Acer 
rubum),  and  blackberry  (Rubus  allegheniensis). 
Gypsy  moth  larvae  defoliated  much  of  the  vegeta¬ 
tion  at  the  site  in  2007.  Severe  defoliation  began  in 
early  June,  peaking  during  the  third  week  of  June. 
Most  overstory  trees  (>90%)  and  saplings,  partic¬ 
ularly  oak  and  maple,  and  large  patches  of  the  shrub 
layer  were  mostly  or  completely  defoliated.  A 
second  leaf  flush  began  in  early  July. 

We  located  nests  from  mid-May  to  mid-July 
2006  and  2007  using  parental  behavior  and 
conducting  searches  of  the  shrub  layer  (Martin 
and  Geupel  1993).  We  monitored  nests  of 
Chestnut-sided  Warblers  ( Dendroica  pensylva- 
nica).  Indigo  Buntings  ( Passerina  cyanea),  and 
Field  Sparrows  ( Spizella  pusilla)  in  2006;  we 
monitored  all  nests  (<1.6  m  height)  of  early 
successional  birds  in  2007.  Nests  were  checked 
every  3  days  until  evidence  of  fledging  or 
predation  was  found.  A  nest  was  considered 
successful  if  at  least  one  young  fledged.  We 
assumed  a  nest  failed  if  evidence  of  predation  was 
found  or  if  the  nest  was  empty  before  fledging 
was  possible  (Martin  et  al.  1997). 

We  measured  vegetation  characteristics  after 
young  fledged  or  the  nest  failed  (usually  3-6  days 
afterwards)  at  the  nest  site  and  within  a  5-m  radius 
of  the  nest,  hereafter  termed  the  nest  patch,  for  only 
Chestnut-sided  Warbler  nests  in  2006  and  for  all 
nests  in  2007  (Table  1).  We  estimated  the  percent¬ 
age  of  a  25-cm  diameter  circle  centered  on  the  nest 
that  was  concealed  by  vegetation  to  measure 
concealment.  We  rated  concealment  from  1  m 


TABLE  1.  Vegetation  variables  used  in  the  analysis  of 
nest-site  selection  and  nest  survival  of  early  successional 
birds  at  the  Barrens  Grouse  Habitat  Management  Area, 
Centre  County,  Pennsylvania,  2006  and  2007. 

Abbreviation 

Description 

AGE 

Nest  age  (days  since  nest  initiation”). 

SUB 

Substrate  (1  =  blackberry,  0  =  other) 

HT 

Nest  height  (cm) 

CON 

Concealment  rated  from  1  (completely  visible) 
to  6  (completely  concealed),  averaged  from 
four  sides,  above,  and  below  nest 

WSD 

Woody  stem  density  (stems/m2)  within  1  m  of 
nest  or  SS  site 

OAK 

Percent  cover  by  oak  (£0.5  m  height)  within 

5  m  of  nest  or  SS  site 

MAP 

Percent  cover  by  red  maple  (^0.5  m  height) 
within  5  m  of  nest  or  SS  site 

BLK 

Percent  cover  by  blackberry  (£0.5  m  height) 
within  5  m  of  nest  or  SS  site 

GRD 

Percent  cover  by  all  green  vegetation  (£0.5  m 
height)  within  5  m  of  nest  or  SS  site 

HRB 

Percent  cover  by  herbaceous  vegetation  and 
ferns  within  5  m  of  nest  or  SS  site 

WDY 

Percent  cover  by  woody  vegetation  (£0.5  m 
height)  within  5  m  of  nest  or  SS  site 

YR 

Year  of  study 

SEA 

Day  of  Season  (17  May  =  1) 

a  Nests  found  and  failed  during  incubation  were  assumed  to  be  midway 
through  incubation. 


above  nests  and  on  each  side  in  four  cardinal 
directions  on  a  scale  of  1-6  where  1=0% 
concealed,  2  =  1-25%  concealed,  3  =  26-50% 
concealed,  4  =  51-75%  concealed,  and  5  =  76- 
99%  concealed,  and  6  =  100%  concealed  (adapted 
from  Kilgo  et  al.  1996).  We  estimated  percentage  of 
ground  visible  from  nest  height  in  a  circle  (0.5-m 
radius)  using  the  same  scale  to  approximate  nest 
concealment  from  below.  Measures  of  concealment 
from  four  sides,  above,  and  below  the  nest  were 
averaged  to  give  an  index  of  mean  concealment. 

We  measured  woody  stem  density  at  10  cm 
from  the  ground  only  within  a  1-m  radius  of  the 
nest  because  of  high  stem  density.  All  stems 
within  the  circle  at  10  cm  height  were  counted, 
regardless  of  whether  they  were  rooted  in  the 
circle  or  whether  they  were  branched  parts  of  a 
single  plant  (Martin  et  al.  1997).  We  took  visual 
estimates  of  percent  cover  of  blackberry,  oak, 
maple,  woody  vegetation,  herbaceous  vegetation, 
and  all  green  ground  cover  within  5  m  of  nests.  A 
single  observer  made  all  estimates  to  avoid  bias. 

We  compared  vegetation  at  nest  patches  to  that 
at  systematically  selected  patches  (hereafter  SS 
sites)  to  examine  nest-site  preferences.  These  sites 
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were  chosen  by  pacing  30  m  (Martin  et  al.  1997) 
from  the  nest  parallel  to  the  nearest  plot  edge  in 
the  direction  that  allowed  greater  travel  distance. 
This  method  ensured  these  sites  were  within  the  1- 
ha  plot,  and  distance  to  the  plot  edge  was  held 
constant.  We  assumed  that  a  given  SS  site  would 
be  within  the  territory  of  the  nesting  bird  so  these 
sites  would  represent  microhabitats  available,  but 
not  chosen,  for  nesting.  We  centered  the  patch  on 
the  nearest  plant  of  the  same  species  as  the  nest 
plant,  excluding  plants  <0.5  m  in  height,  after 
pacing  30  m.  The  same  vegetation  characteristics 
were  measured  at  SS  sites  as  at  nest  patches.  We 
did  not  measure  vegetation  at  one  Field  Sparrow 
nest,  where  the  nest  plant  and  surrounding 
vegetation  had  been  trampled,  presumably  by 
white-tailed  deer  ( Odocoileus  virginianus). 

We  developed  a  set  of  a  priori  models  to  test 
hypotheses  that  may  explain  differences  between 
nest  sites  and  SS  sites  based  on  seven  variables: 
woody  stem  density  (WSD),  percent  woody  cover 
(WDY),  percent  blackberry  cover  (BLK),  percent 
oak  cover  (OAK),  percent  maple  cover  (MAP), 
percent  herbaceous  cover  (HRB),  and  percent 
ground  cover  (GRD)  (Table  1).  These  models 
were  based  on  factors-  we_  believed  may  be 
important  in  nest-site  selection  or  nest  survival, 
including  vegetation  d'ensity  (Martin  1992,  Nor- 
ment  1993),  composition  (Martin  and  Roper  1988), 
and  amount  and  type  of  nest  cover  (Kelly  1993, 
Johnson  1 997).  We  analyzed  each  univariate  model 
and  a  global  model  including. all  variables.  We  also 
analyzed  models  with  combinations  of  variables 
representing  foliage  density  (WSD  +  WDY),  stem 
and  ground  foliage  density  (WSD  +  GRD), 
accessibility  (WSD  +  BLK),  species  composition 
(OAK  +  MAP,  OAK  +  MAP  +  BLK),  cover  by 
herbaceous  and  ground  vegetation  (HRB  +  GRD), 
and  cover  by  herbaceous  and  woody  vegetation 
(WDY  +  HRB).  We  analyzed  all  species  together 
and  individual  species  with  >20  nests  (i.e., 
Chestnut-sided  Warbler,  Field  Sparrow,  Indigo 
Bunting).  We  used  the  log-likelihood  of  each 
model  from  logistic  regression  to  calculate  AICc 
(Akaike’s  Information  Criterion)  values  and  se¬ 
lected  the  model  with  the  lowest  AICc  value  as  the 
model  with  the  most  support  (Burnham  and 
Andersen  1998).  For  simplicity,  we  present  only 
models  that  are  competitive  as  possible  best  models 
(AAICc  <  4).  We  used  P-values  from  logistic 
regression  to  supplement  AICc  in  examining  if  our 
best  model  in  each  analysis  was  appropriate  for 
generalization. 


We  used  program  MARK  (White  and  Burnham 
1999)  to  model  nest  survival  (Dinsmore  et  al. 
2002,  Rotella  et  al.  2004)  for  all  species  together 
and  individual  species  with  >20  nests.  Nests  that 
failed  for  reasons  other  than  predation  (e.g., 
weather,  abandonment)  were  excluded  from  this 
analysis  ( n  =  4).  We  developed  a  set  of  a  priori 
models  to  test  hypotheses  that  may  explain 
variation  in  nest  survival  based  on  1 1  variables: 
year  (YR),  day  of  season  (SEA),  nest  age  (AGE), 
substrate  (SUB),  height  (HT),  concealment 
(CON),  woody  stem  density,  percent  oak  cover, 
percent  maple  cover,  percent  blackberry  cover, 
and  percent  ground  cover  (Table  1).  We  analyzed 
each  univariate  model,  a  null  model,  and  a  global 
model  including  all  variables.  We  also  analyzed 
models  with  combinations  of  variables  represent¬ 
ing  accessibility  (WSD  +  BLK),  species  compo¬ 
sition  (OAK  +  MAP,  OAK  +  MAP  +  BLK),  use  of 
dense  blackberry  patches  (SUB  +  BLK,  WSD  + 
SUB  +  BLK),  stem  and  ground  foliage  density 
(WSD  +  GRD),  foliage  density  near  nest  (CON  + 
WSD),  height  and  blackberry  cover  (HT  +  BLK), 
height  and  blackberry  as  a  substrate  (SUB  +  HT), 
and  season  with  year  (SEA  +  YR).  The  model  for 
nest  age  was  omitted  in  the  analysis  of  all  species 
combined  because  length  of  nesting  cycles 
differed  among  species.  Models  including  a  year 
variable  were  analyzed  only  for  Chestnut-sided 
Warblers.  We  omitted ‘models  including  percent 
ground  cover  for  this  species  to  limit  the  number 
of  models  analyzed  and  because  we  felt  this 
variable  was  less  important  than  others  based  on 
low  ground  cover  near  Chestnut-sided  Warbler 
nests  relative  to  nests  of  Indigo  Buntings  and 
Field  Sparrows  (KLS,  pers.  obs.).  We  selected  the 
model  with  the  lowest  AICc  value  as  the  model 
with  the  most  support  for  each  analysis.  We  used 
null  models,  which  ignore  vegetation  characteris¬ 
tics  but  provide  estimates  similar  to  those  of 
Mayfield  (1961,  1975')  or  Johnson  (1979),  as  a 
consistent  way  to  compare  daily  nest  survival 
(DNS)  between  years  for  the  three  focal  species. 

RESULTS 

We  monitored  49  nests  in  2006  and  105  nests  in 
2007.  We  analyzed  data  for  nests  of  six  species: 
Chestnut-sided  Warbler  (n  =  69,  55%  success); 
Field  Sparrow  ( n  =  35,  40%  success),  Indigo 
Bunting  ( n  =  29,  48%  success),  Gray  Catbird 
(. Dumetella  carolinensis,  n  =  11,  64%  success), 
Common  Yellowthroat  ( Geothlypis  trichas,  n  —  6, 
17%  success),  and  Eastern  Towhee  ( Pipilo 
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TABLE  2.  Model  selection  (AAIQ  <  4)  for  vegetation  characteristics  associated  with  nest-site  selection  and  nest 
survival  of  early  successional  birds  at  the  Barrens  Grouse  Habitat  Management  Area,  Centre  County,  Pennsylvania,  2006 
and  2007. 

Model 

AIQ 

AAICc 

Weight 

ka 

Nest- site  selection  ( n  =  133  nests) 

WSD 

318.87 

0.00 

0.312 

2 

WSD  +  GRD 

319.32 

0.51 

0.242 

3 

WSD  +  BLK 

319.40 

0.59 

0.233 

3 

WSD  +  WDY 

319.71 

0.90 

0.200 

3 

Nest  survival  (n  =  129  nests) 

CON  +  WSD 

374.47 

0.00 

0.775 

3 

3  Number  of  parameters  in  model. 

TABLE  3.  Model  selection  (AAICc  £  4)  for  vegetation  characteristics  associated  with  nest-site  selection  and  nest 
survival  of  Chestnut-sided  Warblers  at  the  Barrens  Grouse  Habitat  Management  Area,  Centre  County,  Pennsylvania,  2006 
and  2007. 

Model 

AICf 

AAICr 

Weight 

ka 

Nest-site  selection  (n  =  69  nests) 

WSD 

146.82 

0.00 

0.458 

2 

WSD  +  BLK 

148.60 

1.78 

0.188 

3 

WSD  +  GRD 

148.71 

1.89 

0.178 

3 

WSD  +  WDY 

148.77 

1.95 

0.173 

3 

Nest  survival  ( n  =  66  nests) 

WSD  +  BLK 

175.94 

0.00 

0.450 

3 

WSD 

176.35 

0.42 

0.366 

2 

CON  +  WSD 

177.85 

1.92 

0.173 

3 

3  Number  of  parameters  in  model. 


TABLE  4.  Model  selection  (AAICc  <  4)  for  vegetation  characteristics  associated  with  nest-site  selection  and  nest 
survival  of  Field  Sparrows  at  the  Barrens  Grouse  Habitat  Management  Area,  Centre  County,  Pennsylvania,  2007. 

Model 

AICc 

AAICc 

Weight 

ka 

Nest-site  selection  (n  =  22  nests) 

GRD 

56.23 

0.00 

0.546 

2 

WSD  +  GRD 

58.13 

1.89 

0.211 

3 

HRB  +  GRD 

58.37 

2.14 

0.187 

3 

Nest  survival  ( n  =  22  nests) 

SEA 

74.35 

0.00 

0.182 

2 

Intercept 

74.97 

0.62 

0.134 

1 

AGE  +  SEA 

76.37 

2.02 

0.066 

3 

HT 

76.48 

2.13 

0.063 

2 

CON 

76.75 

2.40 

0.055 

2 

MAP 

76.84 

2.49 

0.052 

2 

WSD 

76.84 

2.50 

0.052 

2 

AGE 

76.86 

2.52 

0.052 

2 

OAK 

76.91 

2.56 

0.051 

2 

GRD 

76.93 

2.59 

0.050 

2 

SUB 

77.00 

2.65 

0.048 

2 

BLK 

77.01 

2.66 

0.048 

2 

Number  of  parameters  in  model. 
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TABLE  5.  Model  selection  (AAICc  £  4)  for  vegetation  characteristics  associated  with  nest-site  selection  and  nest 
survival  of  Indigo  Buntings  at  the  Barrens  Grouse  Habitat  Management  Area,  Centre  County,  Pennsylvania,  2007. 


Model 

AICr 

AAICc 

Weight 

ka 

Nest-site  selection  (n  =  20  nests) 

WSD 

55.68 

0.00 

0.328 

2 

WSD  +  WDY 

56.45 

0.77 

0.223 

3 

WSD  +  GRD 

57.79 

2.11 

0.114 

3 

WSD  +  BLK 

57.87 

2.19 

0.110 

3 

BLK 

58.20 

2.52 

0.093 

2 

Nest  survival  ( n  =  20  nests) 

WSD  +  GRD 

60.84 

0.00 

0.243 

3 

SEA 

61.09 

0.25 

0.214 

2 

AGE  +  SEA 

63.10 

2.27 

0.078 

3 

CON  +  WSD 

63.98 

3.14 

0.051 

3 

AGE 

64.24 

3.41 

0.044 

2 

CON 

64.45 

3.61 

0.040 

2 

WSD 

64.47 

3.63 

0.040 

2 

CON  +  BLK 

64.47 

3.63 

0.039 

3 

BLK 

64.81 

3.97 

0.033 

2 

a  Number  of  parameters  in  model. 


erythropthalmus,  n  =  4,  75%  success).  Four 
additional  species  nested  in  C  plots  but  were 
excluded  from  analysis  because  they  are  not 
typically  considered  early  successional  species, 
and  because  of  low  sample  si?es:  Red-eyed  Vireo 
( Vireo  olivaceus).  Black-billed  Cuckoo  ( Coccyzus 
erythropthalmus),  Hooded  Warbler  ( Wilsonia 
citrina ),  and  Yellow-billed  Cuckoo  ( Coccyzus 
americanus).  Daily  nest  survival  probability  was 
0.9677  ±  0.0060  (SE)  for  Chestnut-sided  War¬ 
blers,  0.9351  ±  0.0141  for  Field  Sparrows,  and 
0.9553  ±  0.0109  for  Indigo  Buntings  for  both 
years  combined  when  vegetation  characteristics 
were  not  considered. 

Woody  stem  density  best  described  differences 
between  nest  sites  and,  SS  sites  for  all  species 
combined  with  nest  sites  having  higher  woody  stem 
density  than  SS  sites  (Table  2).  High  woody  stem 
density  also  characterized  nest  sites  of  Chestnut¬ 
sided  Warblers  compared  to  SS  sites  (Table  3). 
Percent  ground  cover  was  the  best  model  for  nest- 
site  selection  by  Field  Sparrows  with  nest  sites 
having  more  ground  cover  (Table  4).  Nest-site 
selection  by  Indigo  Buntings  was  best  characterized 
by  high  woody  stem  density  in  relation  to  SS  sites 
(Table  5),  but  this  relationship  was  only  marginally 
significant  ( P  =  0.058). 

All  but  two  nest  failures  were  attributed  to 
predation,  and  most  depredated  nests  (80%)  were 
undisturbed  but  with  contents  missing.  Daily  nest 
survival  (DNS)  was  slightly  lower  in  2007  than  in 


2006  for  Chestnut-sided  Warblers,  Field  Sparrows, 
and  Indigo  Buntings,  but  the  difference  was  not 
significant  for  any  species.  The  model  that  best 
explained  DNS  for  all  species  combined  included 
concealment  (CON)  and  woody  stem  density, 
(WSD)  (Table  2,  Fig.  1A);  woody  stem  density 
had  a  positive  effect  on  DNS,  and  concealment  had 
a  negative  effect  in  models  in  which  it  was 
included.  The  equation  for  the  best  model  was  logit 
DNS  =  3.31  -  0.36  CON  +  0.04  WSD;  using  this 
model,  DNS  was  0.963  ±  0.005  (, n  =  140). 

Woody  stem  density  and  percent  blackberry 
cover  (BLK)  best  described  DNS  for  Chestnut¬ 
sided  Warblers  (Table  3,  Fig.  IB).  Daily  nest 
survival  increased  with  woody  stem  density  and 
decreased  with  blackberry  cover,  but  the  95% 
confidence  interval  for  the  coefficient  for  black¬ 
berry  cover  included  0.  The  equation  for  the  best 
model  was  logit  DNS  =  3.60  +  1.08  WSD  -  0.37 
BLK,  and  DNS  was  0.974  ±  0.006  (n  =  66)  using 
this  model.  Day  of  season  (SEA)  best  predicted 
DNS  for  Field  Sparrows  (Table  4,  Fig.  1C),  but 
the  95%  confidence  interval  for  the  coefficient 
overlapped  0:  logit  DNS  =  3.69  -  0.04  SEA,  and 
DNS  was  0.936  ±  0.028  ( n  —  22).  No  variable 
had  a  significant  effect  on  DNS  for  Field 
Sparrows.  The  best  model  for  DNS  included 
woody  stem  density  and  percent  ground  cover 
(GRD)  for  Indigo  Buntings  (Table  5,  Fig.  ID), 
but  the  95%  confidence  interval  for  WSD 
included  0:  logit  DNS  =  2.82  +  0.87  WSD  + 
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FIG.  1.  (A):  Daily  nest  survival  (DNS)  of  early  successional  birds,  (n  =  140  nests)  at  the  Barrens  Grouse  Habitat 

Management  Area,  Centre  County,  Pennsylvania,  2006  and  2007,  as  a  function  of  woody  stem  density  (WSD;  woody 
stems/m2)  and  nest  concealment  index  (CON),  estimated  from  the  best  model:  logit  DNS  =  3.31  -  0.36  CON  +  0.04  WSD. 
Mean  WSD  at  nest  sites  =  25.0;  range  =  4.8-90.4  woody  stems/m2.  (B):  DNS  of  Chestnut-sided  Warblers  («  =  66  nests), 
2006  and  2007  as  a  function  of  WSD  and  percent  blackberry  cover  (BLK)  estimated  from  the  best  model:  logit  DNS  =  3.60 
+  1.08  WSD  -  0.37  BLK.  Mean  WSD  at  nest  sites  =  27.3;  range  =  9.2-78.4  woody  stems/m2.  (C):  DNS  of  Field 
Sparrows,  ( n  =  22  nests),  2007,  as  a  function  of  the  day  of  season  (SEA;  17  May  =  1)  estimated  from  the  best  model:  logit 
DNS  =  3.69  -  0.04  SEA.  (D):  DNS  of  Indigo  Buntings  (n  =  20  nests),  2007,  as  a  function  of  WSD  and  percent  ground 
cover  (GRD)  estimated  from  the  best  model:  logit  DNS  =  2.82  +  0.87  WSD  +  0.66  GRD.  Mean  WSD  at  nest  sites  =  25.0; 
range  =  1.9-90.4  woody  stems/m2. 


0.66  GRD,  and  DNS  was  0.944  ±  0.017  («  =  20). 
Season  was  competitive  as  a  possible  best  model 
(AAICc  =  0.25)  with  DNS  increasing  through  the 
season,  contrary  to  our  (nonsignificant)  finding 
for  Field  Sparrows. 

DISCUSSION 

Nest  survival  of  early  successional  birds  at  the 
Barrens  GHMA  was  similar  to  that  of  other  shrub¬ 
nesting  birds  (Filliater  et  al.  1994,  Holmes  et  al. 
1996,  Sargent  et  al.  1997,  Burhans  and  Thompson 
1999,  Ricketts  and  Ritchison  2000,  King  et  al. 
2001,  King  and  Byers  2002,  Moorman  et  al. 


2002).  Compared  to  other  studies  of  our  focal 
species,  DNS  was  low  for  Chestnut-sided  War¬ 
blers  (King  et  al.  2001,  King  and  Byers  2002), 
high  for  Field  Sparrows  (Nolan  1963,  Best  1978), 
and  within  the  reported  range  for  Indigo  Buntings 
(Suarez  et  al.  1997).  King  et  al.  (2001)  attributed 
high  nest  survival  in  their  study  to  low  predator 
abundance  in  recently  harvested  forests  but  also 
noted  that  predator  communities  may  differ  with 
percent  regional  forest  cover.  New  Hampshire  had 
much  more  forest  cover  (97%)  than  Pennsylvania 
(56%;  McWilliams  et  al.  2004).  Nest  predation 
rates  also  may  depend  on  amount  of  alternative 
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food  available  to  predators,  which  may  include 
density  of  coexisting  bird  species  (Schmidt  1999). 

High  woody  stem  density  was  associated  with 
lower  predation  risk  for  Chestnut-sided  Warblers 
and  possibly  Indigo  Buntings,  indicating  that  nest- 
site  preferences  may  be  adaptive  for  these  species 
(Martin  1998).  Vegetation  characteristics  associ¬ 
ated  with  nest-site  selection  did  not  reduce  nest 
predation  risk  for  Field  Sparrows.  We  may  not 
have  measured  habitat  characteristics  relevant  to 
nest  survival  for  this  species.  Alternatively,  nest- 
site  preferences  of  Field  Sparrows  may  reflect 
historic  habitat  conditions  or  predator  communi¬ 
ties  (Ricketts  and  Ritchison  2000). 

We  did  not  examine  the  mechanism  by  which 
woody  stem  density  decreases  predation  risk,  but 
we  initially  assumed  that  high  stem  density 
concealed  nests,  thereby  protecting  them  from 
visually-oriented  predators.  However,,  concealment 
had  a  negative  effect  on  nest  survival  for  all  species  ' 
combined.  Many  studies  agree  that  concealment 
improves  nest  survival  probability  (e.g.,  Martin 
1992,  Kelly  1993,  Kilgo  et  al.  1996,  Johnson  1997, 
Wilson  and  Cooper  1998,  Moorman  et  al.  2002), 
but  others  found  no  effect  of  concealment  (e.g., 
Howlett  and  Stutchbury  1996,  Burhans  and  • 
Thompson  1998).  Bowman  and  Harris  (1980),  in 
an  artificial  nest  experiment,  found  that  common 
raccoons  ( Procyon  lotor) 'searched  dense  vegetation 
more  intensively',  but  we  found  little  evidence  for  a 
negative  effect  of  concealment  on  nest  survival  in 
other  studies.  Low  concealment  near  nests  may 
allow  females  to  see  approaching  predators.  Female 
Chestnut-sided  Warblers  occasionally  used  a  “bro¬ 
ken-wing”  display  (KLS,  pers.  obs.),  presumably  to 
lure  predators  from  nests. 

High  woody  stem  density  may  make  nest  sites 
relatively  inaccessible  to  predators  rather  than 
simply  concealing  nests,  especially  if  predators 
that  do  not  actively  search  for  nests  avoid  dense 
patches.  Alternatively,  predator  efficiency  may  be 
lower  in  patches  with  many  stems  of  the  preferred 
nesting  substrate  because  there  are  more  potential 
nest  sites  to  search  (Martin  and  Roper  1988, 
Moorman  et  al.  2002).  Our  data  support  this 
“needle  in  a  haystack”  hypothesis  if  we  consider 
all  woody  stems  as  preferred  nesting  substrate 
rather  than  blackberry  alone,  which  was  the  most 
commonly  used  nesting  substrate  in  our  study. 
Nest  survival  was  not  higher  in  patches  with  more 
blackberry  cover. 

Height  of  Field  Sparrow  nests  increased 
throughout  the  season,  as  in  other  studies  (Nolan 


1963,  Best  1978);  however,  nest  survival  in¬ 
creased  as  the  season  progressed  in  these  other 
studies,  contrary  to  our  finding.  Given  the 
conflicting  trends  of  seasonal  effects  on  DNS  of 
Field  Sparrows  and  Indigo  Buntings,  temporal 
changes  in  predator  activity  probably  did  not 
account  for  decreased  nest  survival  of  Field 
Sparrows.  In  a  study  of  artificial  nests  at  the 
Barrens  GHMA,  nest  predation  peaked  during  the 
period  of  maximum  defoliation  by  gypsy  moth 
larvae  (Yahner  and  Mahan  1996).  Our  study  was 
not  designed  to  examine  effects  of  defoliation, 
and  we  cannot  objectively  attribute  trends  in 
predation  risk  to  defoliation  over  any  alternative 
explanation.  However,  given  similar  daily  surviv¬ 
al  rates  between  years,  lack  of  any  positive 
relationship  between  concealment  and  nest  sur¬ 
vival,  and  lack  of  significant  temporal  changes  in 
nest  survival,  we  believe  defoliation  had  little 
effect  on  nest  predation  risk  for  early  successional 
birds  at  the  Barrens  GHMA. 

..  Chestnut-sided  Warblers  were  the  most  abun¬ 
dant  bird  species  in  early  successional  plots  at  the 
Barrens  (Schill  2007),  and  territory  densities  were 
consistent  with  other  studies  (Niemi  and  Ha- 
nowski  1984,  Keller  et  al.  2003,  King  and 
DeGraaf  2004).  Vegetation  characteristics  corre¬ 
lated  with  density  of  Chestnut-sided  Warblers 
have  included  habitat  complexity  and  shrub 
density,  basal  area,  and  height  (Niemi  and 
Hanowski  1984),  woody  stem  density  (DeGraaf 
et  al.  1998),  and  leaf  area  per  unit  volume  (Keller 
et  al.  2003).  Although  density  of  individual  birds 
is  not  a  reliable  indicator  of  habitat  quality  (Van 
Horne  1983),  we  have  shown  that  woody  stem 
density  is  directly  related  to  nest  survival  of 
Chestnut-sided  Warblers  at  the  Barrens  GHMA, 
and  nest  survival  is  closely  related  to  fitness.  Food 
availability  could  be  limited  by  low  foliage 
density,  but  nest-site  availability  likely  has  greater 
importance  than  availability  of  foraging  sites  in 
affecting  habitat  choice  (Martin  1988,  Steele 
1993).  Abundance  of  Chestnut-sided  Warblers, 
and  perhaps  other  early  successional  birds,  may  be 
limited  by  availability  of  suitable  nest  sites,  as 
represented  by  sites  with  high  foliage  density. 
Increased  vegetation  density  may  allow  for  high 
densities  of  bird  species  without  an  increased  risk 
of  nest  predation  (Martin  1988).  Management  for 
features  related  to  species’  survival  and  reproduc¬ 
tion,  such  as  habitat  patches  with  high  woody 
vegetation  density,  may  help  populations  of  early 
successional  species  recover. 
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NESTING  HABITAT  OF  THE  GREAT  HORNBILL  (BUCEROS  BICORNIS ) 
IN  THE  ANAIMALAI  HILLS  OF  SOUTHERN  INDIA 

DOUGLAS  A.  JAMES13  AND  RAGUPATHY  KANNAN1'2 3 


ABSTRACT. — Anecdotal  evidence  suggests  the  endangered  Great  Hombill  ( Buceros  bicornis)  needs  mature,  large  old- 
growth  trees  for  nesting.  We  tested  this  hypothesis  by  measuring  vegetation  characteristics  at  24  nest  sites  in  southern  India 
and  compared  these  data  with  that  obtained  from  equal  numbers  of  unused  forest  sites.  Characteristics  significantly  different 
from  surrounding  forest  at  hornbill  nesting  sites  were  several  properties  related  to  size  of  trees.  The  nesting  habitat 
characteristics  of  the  species  stress  the  importance  of  mature  forests  with  emergent  trees  for  nests  of  the  Great  Hornbill. 
Trees  used  by  Great  Hornbills  for  nests,  compared  to  unused  trees,  averaged  18.5  m  taller,  0.85  m  greater  in  diameter,  and 
emerged  more  above  the  forest  canopy  by  12.7  m.  Canopy  height,  canopy  cover,  and  number  of  large  trees  >75  cm  DBH 
were  greater  at  nest  sites  than  at  unused  sites  by  5.79  m,  3.15%,  and  1.63  trees,  respectively.  Received  7  February  2008. 
Accepted  26  January  2009. 


The  Great  Hombill  ( Buceros  bicornis)  is  the 
largest  of  the  nine  species  of  hornbills  (Family 
Bucerotidae)  occurring  in  India  (Ali  and  Ripley 
1968).  Basic  breeding  biology  and  habitat  infor¬ 
mation  is  available  from  southern  India  (Kannan 
1994;  Kannan  and  James  1997,  1998,  1999,  2007, 
2008;  James  and  Kannan  2007).  It  is  an  endan¬ 
gered  species  (CSE  1982),  listed  in  Schedule  I 
(most  protected)  of  the  Indian  Wildlife  (Protec¬ 
tion)  Act  of  1972  (MOEF  2006)  due  to  being 
affected  by  a  variety  of  problems  ranging  from 
destruction  of  its  wet  forest  habitat  to  poaching  of 
adults  and  squabs  from  nests  (Ali  and  Ripley 
1968).  The  bird  is  —120  cm  long  and  —3  kg  in 
mass,  and  is  believed  to  have  the  problem  of 
finding  large  trees  with  natural  cavities  sufficient¬ 
ly  large  to  accommodate  the  nesting  female  and 
young  during  their  confinement.  Large  scale 
destruction  of  forests  and  selective  commercial 
removal  of  large  trees  in  peninsular  India  is 
suspected  to  have  reduced  the  availability  of 
optimal  nesting  sites  (Ali  and  Ripley  1968). 

Several  authors  have  commented  on  the 
apparent  highly  specialized  nesting  requirements 
of  the  Great  Hornbill.  The  species  is  widely 
believed  to  depend  on  tall,  old  growth  trees  for 
nesting.  The  literature  is  replete  with  anecdotal 
references  to  its  dependence  on  mature  forest 
vegetation  (Hume  1890;  Bingham  1897;  Prater 
1921;  Baker  1927,  1934;  Ali  1936;  Ali  and  Ripley 
1968;  Kemp  1995).  However,  systematic  studies 
have  not  been  conducted  concerning  the  bird’s 
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habitat.  All  conjecture  concerning  the  nesting 
habitat  of  the  species  amount  to  an  untested  and 
unproven  hypothesis.  Some  quantitative  informa¬ 
tion  on  nesting  habitat  is  available  from  Thailand 
(Poonswad  1995),  but  only  a  few  environmental 
factors  were  considered  in  that  study,  and 
empirical  procedures  comparing  nest  sites  to 
non-used  forest  sites  were  not  performed.  Com¬ 
parison  between  used  and  non-used  sites  within 
the  same  general  vegetation  type  is  essential  for 
identifying  habitat  features  associated  with  forest 
nesting  sites  compared  to  surrounding  forest 
stands  (Conway  and  Martin  1991).  One  study, 
(Datta  and  Rawat  2004),  repeated  our  earlier  work 
(Kannan  1994)  and  incorporated  unused  sites  but 
the  results  combined  four  species  of  hornbills. 

Cavity-nesting  birds  often  are  affected  by  land 
management  practices  (Gysel  1961,  Haapanen 
1965,  Hunter  1990,  Conway  and  Martin  1991, 
Mudappa  and  Kannan  1997).  Selective  removal  of 
large  trees  in  the  Western  Ghats  in  India,  our 
study  area,  could  limit  populations  of  large  birds 
such  as  hornbills  by  diminishing  nesting  opportu¬ 
nities.  A  detailed  description  of  the  critical  habitat 
is  the  first  step  in  any  attempts  to  ameliorate  this 
situation.  An  examination  of  habitat  factors  using 
multivariate  statistics  is  essential  in  describing  the 
habitat-niche  of  an  organism  (James  1971)  since 
habitat  is  an  important  component  of  the  niche  of 
an  organism  (Hutchinson  1957,  Root  1967). 
Vegetation  factors  have  been  used  in  multivariate 
procedures  to  analyze  niche-dimensions  of  birds 
(Cody  1968,  James  1971,  Shugart  and  Patten 
1972,  Posey  1974,  White  and  James  1978, 
Rotenberry  and  Wiens  1980,  James  1992). 

The  objectives  of  this  study  comparing  nest 
sites  with  unused  forest  sites  were  to:  (1)  use 
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multivariate  statistics  to  test  the  hypothesis  that 
Great  Hornbills  use  the  largest  trees  for  nesting, 
(2)  ascertain  forest  patch  characteristics  associat¬ 
ed  with  nest  sites,  (3)  identify  nest  tree  species,  (4) 
obtain  information  on  nest  cavity  dimensions  and 
related  issues,  and  (5)  investigate  suitability  of  the 
overall  forest  for  accommodating  hornbill  nests. 

STUDY  AREA 

The  study  was  conducted  between  1991  and 
1993  in  the  vicinity  of  the  village  of  Top  Slip 
(10°  25'  N,  76°  50'  E)  in  the  Indira  Gandhi 
Wildlife  Sanctuary,  Tamil  Nadu  State,  in  the 
Anaimalais,  which  are  a  part  of  the  hills  extending 
along  the  southwestern  coast  of  peninsular  India 
(the  Western  Ghats).  The  sanctuary  has  a  variety  of 
vegetation  types  ranging  from  bamboo  ( Bambusa 
arundinaceae)  and  open  deciduous  forests  to 
southern  tropical  wet  evergreen  forests  (Champion 
and  Seth  1968).  The  entire  Anaimalai  range  is  a  vast 
mosaic  of  habitats  altered  for  human  use  such  as  tea 
and  teak  monocultures,  hydro-electric  projects,  and 
settlements  interspersed  with  a  few  large  and 
several  small  patches  of  fragmented  native  forests. 
The  study  was  conducted  in  the  wet  evergreen 
forest  habitat  the  Great  Hornbill  usually  inhabited. 

Nests  found  were  widely  separated,  many 
kilometers  apart,  scattered  in  "a  vast  region' 
extending  across  the  boundaries  of  two  states, 
Kerala  and  Tamil  Nadu:  Areas  between  hests  often 
exhibited  a  mosaic  of  landscapes.  Nests  were  in 
patches  of  forest  that  varied  greatly  in  size. 

METHODS 

Twenty-four  nests  of  Great  Hornbills  were 
found  mostly  by  local  tribal  people  who  were 
rewarded  for  their  efforts  with  cash  payments. 
Nests  were  found  within  an  area  covering 
~300  km2.  A  profile  of  the  habitat  used  for 
nesting  was  developed  by  measuring  different 
vegetation  characteristics  around  each  of  the  24 
nest  trees  following  James  and  Shugart  (1970). 
Circular  vegetation  plots  measuring  0.07  ha  (15- 
m  radius)  were  established  around  the  nesting 
tree,  and  17  vegetation  features  were  measured 
within  these  plots.  Four  orthogonal  transects  were 
established  from  the  center  of  each  plot  with  the 
direction  of  the  first  transect  chosen  by  the 
random  twist  of  a  compass  dial.  Color  flagging 
was  used  to  mark  transects  and  center  trees.  Shrub 
density  was  measured  by  counting  the  woody 
stems  intersecting  a  meter  stick  held  at  waist 
height  (1  m)  along  each  transect.  Ground  and 


canopy  cover  were  measured  by  making  40 
vertical  overhead  and  ground  sightings  through  a 
tube  with  cross  hairs,  and  recording  the  proportion 
of  sightings  in  which  the  cross  hair  point 
intersected  green  vegetation  (Winkworth  and 
Goodall  1962).  Ten  sighting  points  were  made 
at  random  positions  along  each  of  the  four 
transects.  Diameter  at  breast  height  (DBH)  of 
the  center  tree  was  measured  using  a  diameter 
tape,  and  diameter  size  classes  (15-30,  31-45,  46- 
60,  61-75,  76-90,  91-105,  and  >106  cm  DBH) 
of  all  woody  stems  (>15  cm  DBH)  within  the 
circular  plot  were  measured  using  a  Reach  Stick. 
(James  and  Shugart  1970).  Average  canopy  height, 
height  of  the  center  tree  and  the  tallest  tree  in  the 
plot,  height  of  the  lowest  limb  of  the  center  tree, 
and  height  of  projection  of  the  center  tree  above  the 
rest  of  the  canopy  (emergence)  were  measured  in 
meters  using  a  clinometer.  Distance  of  the  center 
tree  to  the  nearest  large  tree  (>60  cm  DBH)  was 
measured  by  pacing.  The  center  tree  was  identified 
to  at  least  genus  when  possible. 

Information  recorded  for  nest  trees  included: 
height  of  the  nest  cavity  (m),  distance  of  the 
cavity  from  the  nearest  branch  (m),  cavity 
orientation  (compass  degrees),  diameter  of  the 
trunk  at  the  nest  (m),  and  cavity  opening  width 
and  length  (cm).  The  last  three  dimensions  were 
estimated  due  to  inaccessibility  of  nests.  Notes  or 
sketches  of  the  shape  of  the  cavity  and  overall 
nature  of  the  habitat  were  also  taken.  The  distance 
of  the  nest  from  the  nearest  road  and  settlement 
was  estimated  using  1:100,000  Government  of 
India  topography  maps  of  the  area. 

Data  gathered  from  nesting  sites  were  com¬ 
pared  to  an  equal  number  (24)  of  samples  from 
unused  areas  in  which  a  center  tree  was  located  at 
random  in  the  general  area  of  each  nest  tree. 
These  samples  were  positioned  by  starting  at  the 
center  tree  of  a  nest  plot  and  pacing  a  distance  of 
75  m  in  a  direction  chosen  randomly  by  twisting  a 
compass  dial.  The  nearest  tree  at  the  end  of  this 
distance  with  a  DBH  >20  cm  was  designated  the 
center  tree,  and  the  17  vegetation  characteristics 
measured  at  the  nest  site  were  measured  in  a  plot 
centered  at  the  selected  tree.  We  observed  that  the 
75-m  distance  to  the  unused  area  was  sufficient  to 
evade  the  forest  structure  influence  of  the  nesting 
sites  but  remained  within  the  same  general  forest 
type.  Data  were  analyzed  using  univariate  analysis 
of  variance  (ANOVA),  and  principal  components 
(PC)  and  stepwise  discriminant  function  analyses 
(SAS  Institute  1985). 
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TABLE  1.  Analysis  of  17  vegetation  characteristics  in  the  nesting  habitat  of  Great  Hornbills.  Underlined  values 
represent  significant  difference  between  unused  and  nest  site  measurements. 

Characteristics 

Nesting  plot  x 

Unused  plot  x 

P “ 

Shrub  stems/60  m2 

60.30 

59.65 

>0.05 

Canopy  cover,  % 

86.08 

82.93 

>0.05 

Ground  cover,  % 

42.60 

40.54 

>0.05 

Average  canopy  height,  m 

30.94 

25.15 

0.019 

Tallest  tree  in  the  plot,  m 

44.76 

34.12 

0.0001 

Center  tree  height,  m 

43.75 

25.27 

0.0001 

Center  tree  diameter  DBH,  m 

1.329 

0.479 

0.0001 

Nearest  tree  >40  cm  DBH,  m 

8.48 

8.12 

>0.05 

Center  tree  height  lowest  limb,  m 

21.75 

10.86 

0.0001 

Center  tree  emergence,  m 

12.81 

0.12 

0.0001 

Trees  15-30  cm  DBH,  n 

8.29 

10.00 

>0.05 

Trees  31^45  cm  DBH,  n 

3.29 

3.16 

>0.05 

Trees  46-60  cm  DBH,  n 

1.50 

2.04 

>0.05 

Trees  61-75  cm  DBH,  n 

0.75 

0.95 

>0.05 

Trees  76-90  cm  DBH,  n 

0.75 

0.25 

0.0098 

Trees  91-105  cm  DBH,  n 

0.79 

0.25 

0.0304 

Trees  ^106  cm  DBH,  n 

1.20 

0.62 

0.0153 

a  Univariate  Analysis  of  Variance  (ANOVA),  nesting  vs.  unused  plots. 


RESULTS 

Significant  characteristics  governing  Great 
Hombill  nest  habitat  selection  were  those  that 
reflected  size  and  maturity  of  the  nesting  tree  and 
its  patch  of  forest  (Table  1).  Features  significantly 
greater  for  nest  trees  used  by  hombills  compared 
to  center  trees  at  unused  sites  were  nest  tree 
18.5  m  taller,  0.85  m  greater  in  diameter,  lowest 
limb  10.9  m  higher,  and  12.7  m  more  in  emer¬ 
gence  above  canopy.  Significant  factors  greater  in 
nest  tree  plots  than  unused  plots  were  canopy 
height  5.9  m  higher,  tallest  tree  10.6  m  taller,  and 
large  trees  >75  cm  DBH  1.63  more  in  number 
(Table  1).  These  findings  support  the  presence  of 
larger  trees  and  a  more  mature  lofty  forest  at  the 
nest  site  in  comparison  to  the  general  nature  of  the 
surrounding  forest. 

Principal  component  (PC)  I,  accounting  for 
66%  of  the  total  variance,  was  highly  correlated 
with  nest  tree  height,  height  of  the  tallest  tree  in 
plot,  diameter  of  the  nest  tree,  height  of  the  lowest 
limb,  and  emergence  above  the  canopy  of  the  nest 
tree  (Table  2).  These  vegetation  features  were 
directly  related  to  the  size  of  the  center  tree.  PC  I, 
designated  as  “center  tree  size”,  was  the  most 
important  factor  involved  in  hombill  nest  habitat 
selection.  PC  II  accounted  for  an  additional  18% 
of  the  total  variance  and  was  highly  correlated 
with  shrub  density  (Table  2).  The  third  factor  (PC 
III),  accounted  for  6%  of  the  total  variance  and 
represented  a  correlation  with  “cover”,  both 


canopy  and  ground  cover  interacting  inversely. 
Together,  the  first  three  factors  accounted  for  90% 
of  the  total  variation  (Table  2)  in  the  data  set,  and 
represented  most  of  the  realized  nesting-niche 
space  of  the  hombill. 

Hombill  nest  sites  compared  to  unused  forest 
plots  were  strikingly  separated  along  the  axis 
representing  large  tree  sizes  at  the  nest  site 
(Fig.  1),  but  were  not  separated  with  respect  to 
the  other  habitat  axes  (Figs.  1,  2).  This  lack  of 
separation  of  nest  and  unused  sites  along  the  shrub 
and  cover  axes  indicates  these  vegetation  charac¬ 
teristics  were  not  important  in  nesting  habitat 
choice  by  hornbills.  Nest  plots  were  positioned 
distinctly  towards  the  end  of  the  axis  representing 
greater  center  tree  sizes  (Figs.  1,  2),  whereas  the 
unused  area  plots  were  grouped  towards  the  other 
end  of  the  continuum.  Combined,  PC  I  and  II 
accounted  for  84%  of  the  total  variance,  a  large 
proportion  of  the  nesting  niche  (Fig.  1). 

Principal  components  analysis  does  not  indicate 
the  significance  of  the  differences  between  nest 
and  unused  areas.  Thus,  stepwise  discriminant 
function  analysis  was  performed  resulting  in 
identification  of  four  characteristics  that  maxi¬ 
mize  the  difference  between  hornbill  nesting  and 
unused  sites.  These  characteristics  were  center 
tree  height,  diameter  of  center  tree,  height  of  the 
lowest  limb,  and  number  of  trees  in  the  plot 
>105  cm  DBH;  all  were  greater  in  value  at  the 
nest  site.  These  differences  were  significant  at  P 
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TABLE  2.  Correlations  of  vegetation  characteristics  with  the  first  three  principal  components  for  nest  data  of  the  Great 
Hombill.  Underlined  values  represent  high  correlations  with  their  respective  principal  component. 


Characteristics 

Correlations  with  principal  components 

I 

II 

III 

Shrub  density 

0.085 

0.992 

0.086 

Canopy  cover 

0.128 

0.137 

0.5,1 9 

Ground  cover 

0.326 

0.245 

-0.887 

Average  canopy  height 

0.197 

-0.022 

0.255 

Tallest  tree  in  plot 

0.632 

-0.029 

0.167 

Height  of  nest  tree 

0.742 

-0.100 

0.275 

Diameter  of  nest  tree 

0.998 

-0.028 

0.011 

Distance  to  the  nearest  large  tree 

0.131 

0.022 

0.04 

Height  of  lowest  limb 

0.565 

0.002 

0.156 

Nest  tree  emergence  over  canopy 

0.634 

-0.089 

0.099 

Trees  75-90  cm  DBH,  n 

0.169 

-0.077 

0.335 

Trees  91-105  cm  DBH,  n 

0.189 

-0.150 

0.087 

Trees  >106  cm  DBH,  n 

0.320 

-0.020 

0.185 

Total  variance,  % 

66 

•  18 

6 

Cumulative  total  variance,  % 

66 

84 

90 

=  0.0001,  0.0024,  0.0349,  'and  0.063,  respective¬ 
ly,  documenting  the  overwhelming  importance  of 
large,  old-growth  trees  and  mature  forests  for 
hombill  nest-site  selection. 

Analysis  of  nest  tree  size  categories  compared, 
to  those  available  in  unused  plots  of .  the 
surrounding  forest  (Fig.  3)  showed  that  nest  trees 
were  in  the  large  size  categories  .while  available 


trees  in  the  overall  forest  structure  were  predom¬ 
inantly  smaller  in  size.  However,  there  were  some 
large  trees  remaining  in  the  forest  suitable  for 
Great  Hornbill  nests  (Fig.  3). 

•  The'  mean  bole  diameter  at  the  level  of  the  nest 
cavity  was  less  than  the  mean  DBH  of  nest  trees, 
but  greater.than  the  DBH  of  center  trees  in  unused 
plots  (Tables  1,  3).  The  dimensions  of  the  cavity 


FIG.  1 .  Ordination  with  95%  confidence  ellipses  of  nest  plots  of  the  Great  Hornbill  and  unused  plots  based  on  scores  of 
the  first  (abscissa)  and  second  (ordinate)  principal  components. 
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FIG.  2.  Ordination  with  95%  confidence  ellipses  of  nest  plots  of  the  Great  Hombill  and  unused  plots  based  on  the 
scores  of  the  first  (abscissa)  and  third  (ordinate)  principal  components. 


entrance  demonstrated  the  propensity  of  hornbills 
to  choose  cavities  with  a  vertical  slit  entrance. 
Nest  sites  were  also  far  from  the  nearest  road  and 
human  settlement,  the  immediate  trunk  area 


30-45  46-60  61-75  76-90  91-105  106+ 

Diameter  classes  (cm) 


[□Available  trees  M  Nest  trees] 

FIG.  3.  Percentages  of  trees  (by  diameter  classes) 
comparing  nest  trees  ( n  =  24)  with  available  trees  2=30  cm 
DBH  (n  =  177)  in  the  unused  plots. 


around  the  cavities  was  mQStly  branchless,  and 
the  mean  height  of  the  nest  cavity  from  the  ground 
was  22.0  m  (Table  3).  Eight  of  the  24  nests 
(33.3%)  were  oriented  in  the  east-south-easterly 
direction,  suggesting  nonrandom  orientation. 
Nests  occurred  in  12  tree  species  representing  10 
families  (Table  4).  Six  nests  were  in  trees  and 
families  that  were  unidentified. 

DISCUSSION 

Our  study  provides  empirical  presentation  of 
the  actual  nesting  habitat  of  the  Great  Hornbill 
based  on  evidence  from  multiple  plots  and 
measurements  comparing  nest  sites  with  forest 
habitats  lacking  nests.  These  results  support  the 
hypothesis  that  nest  trees  of  Great  Hornbills  are 
large  in  several  dimensions  and  protrude  signif¬ 
icantly  above  the  canopy  compared  to  other  trees 
in  the  forest  (Tables  1,  2;  Figs.  1,  2).  Addition¬ 
ally,  the  grove  of  trees  around  the  nest  tree  also 
consisted  of  larger  trees  than  in  the  overall  forest 
(Table  1).  Datta  and  Rawat  (2004),  using  methods 
of  our  previous  studies  (Kannan  1994,  Mudappa 
and  Kannan  1997),  studied  the  Great  Hornbill  in 


490 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  3,  September  2009 


TABLE  3. 

Specific  nest  tree  characteristics  for  the  Great  Hornbill. 

Characteristics 

n 

Mean  ±  SD 

Min-Max 

Diameter  at  nest,  cm 

15 

92.6  ±47.16 

50-240 

Cavity  height,  m 

24  ' 

22.02  ±  6.43 

11.21-40 

Nearest  branch  to  nest,  m 

22 

2.94  ±  2.36 

0-10 

Cavity  width,  cm 

24 

16.07  ±  5.36 

7.5-25 

Cavity  length,  cm 

24 

35.31  ±  19.6 

12.5-100 

Distance  to  nearest  road,  km 

24 

2.92  ±4.19 

0.10-20 

Distance  to  nearest  settlement,  km 

24 

2.48  ±  1.67 

0.5-8 

northeastern  India  grouped  with  other  hornbill 
species.  They  found  that  hornbills  selected  large  tall 
emergent  trees  for  nest  trees  compared  to  center 
trees  in  non-nest  plots,  and  that  the  Great  Hornbill 
nested  in  more  dense  forests  than  other  hornbills. 
This  replication  and  confirmation  of  our  big  tree 
hypothesis  is  a  requirement  of  scientific  methodol¬ 
ogy.  However,  their  analysis  combined  several 
hornbill  species  making  it  difficult  to  identify 
specific  nest  tree  requirements  of-Great  Hornbills 
or  of  any  of  the  other  hornbill  species  studied. 

Our  investigation  also  compared-  sizes  of  nest 
trees  (n  ■=  24)  in  the  vast  study  area  with  sizes  of 
other  trees  ( n  =  177)  present  in  forests  where  nest 


TABLE  4.  Tree  species  with  Great  Hornbill  nests. 


Family 

Scientific  name 


Number  of  nests 


Lauraceae 

Alseodaphne  semecarpifolia  2 

Bombacaceae 

Cullenia  excelsa  I 

Bombax  ceiba  2 

Combretaceae 

Terminalia  bellerica  3 

Datiscaceae 

Tetrameles  nudiflora  '  1 

Myrtaceae 

Unidentified  1 

Guttiferae 

Garcinia  sp.  1 

Sapotaceae 

Chrysophyllum  sp.  1 

Palaquium  ellipticum  2 

Lythraceae 

Lagerstroemia  lanceolata  2 

Meliaceae 

Aglaia  sp.  1 

Rhizophoraceae 

Carallia  integrimma  1 

Unidentified  6 


trees  were  located  (Fig.  3).  Tree  sizes  in  the 
surrounding  forest  were  calculated  by  summing 
the  tree  size  categories  >30  cm  DBH  across  all 
trees  encountered  in  the  24  unused  plots.  Percent¬ 
ages  of  nest  trees  were  in  the  largest  size 
categofies  while  percentages  of  trees  in  the 
surrounding  forests  were  predominantly  in  smaller 
categories.  However,  there  were  unused  trees  in 
the  forest  that  were  nest  tree  size  (Fig.  3).  Efforts 
should  be  made  to  preserve  these  larger  trees  to 
serve  as  future  nesting  trees  for  Great  Hornbills. 

The  nesting  habitat  characteristics  of  the  Great 
Hornbill  clearly  show  the  importance  of  protecting 
old  growth,  forest  stands  with  large  trees  for  the 
conservation  of  this  species.  The  habitat  niche  of 
the  hornbill  is  narrow  emphasizing  its  vulnerability 
.to  extinction.  Habitat  specialization  is  one  of  the 
key  factors  that  make  an  organism  prone  to 
extinction  (Terborgti  and  Winter  1980).  The  Great 
Hornbill  is  a  large  bodied  frugivore,  dependent  on  a 
fluctuating,,  patchily  available  fruit  resource,  mak¬ 
ing  it  vulnerable  to  extirpation  (Terborgh  and 
Winter  1980;  Strahl  and  Grajal  1991;  Kannan 
1994;  Kannan  and  James  1997,  1999,  2007). 
Protection  of  large  expanses  of  old  growth  forests 
is  important  for  conservation  of  the  Great  Hornbill. 

The  tendency  of  Great  Hornbills  in  our  study  to 
choose  nest  cavities  oriented  eastward  may  be  an 
evolved  response  protecting  from  southwest  mon¬ 
soon  gusts  that  blow  from  the  west  by  May-June 
near  the  end  of  the  breeding  cycle,  when  chicks 
fledge.  The  selection  of  a  wide  variety  of  nesting 
trees  with  no  one  taxon  predominating  (Table  4) 
showed  that  tree  size  alone  was  important  (Table  1, 
Fig  3).  Any  large  tree  with  a  suitable  large  cavity 
qualified  as  a  nest  tree. 
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NESTING  HABITAT  USE  BY  COMMON  EIDERS  ON  STRATTON 

ISLAND,  MAINE 
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ABSTRACT. — We  examined  nesting  habitat  use  of  Common  Eiders  ( Somateria  mollissima  dresseri)  breeding  on 
Stratton  Island,  Maine  in  2004  and  2005.  Eiders  generally  avoided  low-lying,  open  vegetation,  and  nested  in  dense, 
structurally  complex  habitats.  The  three  most  common  habitat  types  used  were  Asiatic  bittersweet  ( Celastrus  orbiculata ) 
patches,  red  raspberry  ( Rubus  idaeus )  thickets,  and  forest  (primarily  Malus  pumila  and  Prunus  virginiana).  Nest  densities 
were  highest  in  bittersweet  (>  500  nests/ha).  Eiders  had  little  nest  predation  by  Larus  gulls,  and  apparent  nest  success  was 
high  in  all  three  habitats  (bittersweet:  82-89%,  raspberry:  87%,  forest:  58-72%).  Eiders  appeared  to  select  nest  sites 
adaptively  to  avoid  detection  or  access  by  predators,  although  other  factors  such  as  nest  microclimate,  female  quality  or 
condition,  and  energetic  demands  during  incubation  may  also  be  important.  Received  18  January  2007.  Accepted  30 
January  2009. 


Non-random  distribution  of  animals  among 
available  habitats  is  often  cited  as  evidence  of 
habitat  choice,  a  product  of  natural  selection 
(Burger  1987,  Clark  and  Shutler  1999).  The 
choice  of  where  to  breed  can  have  important 
consequences  for  reproductive  success  (Misenhel- 
ter  and  Rotenberry  2000).  Animals  are  expected  to 
select  those  habitats  that  maximize  reproductive 
performance  and,  ultimately,  fitness  if  reproduc¬ 
tive  success  varies  by  habitat  type.  There  is 
considerable  evidence  for  birds  that  nest-site 
selection  is  adaptive  and  driven,  in  part,  by 
avoidance  of  predators  (Martin  1993,  Burger  and 
Gochfeld  1994,  Clark  and  Shutler  1999). 

American  Common  Eiders  ( Somateria  mollis¬ 
sima  dresseri)  are  large,  colonial  sea  ducks  that 
often  nest  on  marine  islands.  Island-nesting  and 
coloniality  may  have  evolved  to  reduce  the  threat 
of  mammalian  predators  (e.g.,  Wittenburger  and 
Hunt  1985),  but  eiders  and  other  seabirds  often 
contend  with  avian  predators  in  breeding  areas 
(Burger  and  Gochfeld  1994,  Goudie  et  al.  2000). 
Large  gulls  ( Larus  spp.)  can  be  important 
predators  of  eider  eggs  and  young  (Choate  1967, 
Bourget  1973,  Milne  and  Reed  1974,  Mawhinney 
and  Diamond  1999)  and  seemingly  could  exert 
strong  selective  pressures  on  nest  placement 
within  a  colony.  However,  the  literature  on  the 
gull-eider  relationship  is  far  from  conclusive. 
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Some  studies  suggest  that  waterfowl  benefit  from 
nesting  in  association  with  aggressive  gulls  (e.g., 
Young  and  Titman  1986,  Gotmark  and  Ahlund 
1988,  Swennen  1989),  but  others  document  severe 
predation  rates  on  ducklings  (e.g.,  Dwemychuk 
and  Boag  1972,  Mawhinney  and  Diamond  1999, 
Donehower  and  Bird  2008). 

We  examined  Common  Eider  nesting  habitat  use 
on  Stratton  Island,  Maine.  Our  objectives  were  to 
compare  nest  densities  and  success  in  different 
habitat  types.  We  were  particularly  interested  in  use 
of  Asiatic  bittersweet  ( Celastrus  orbiculata )  as  eider 
nesting  habitat  since  this  invasive  vine  provides 
dense  cover  but  is  being  eradicated  in  parts  of  the 
island  to  benefit  wading  birds.  The  weight  and 
spread  of  bittersweet  vines  can  topple  trees  and 
prevent  foliage  growth,  destroying  nesting  trees 
used  by  Snowy  ( Egretta  thula)  and  Great  ( Ardea 
alba)  egrets,  Glossy  Ibis  (Plegadis  falcinellus),  and 
Black-crowned  Night  ( Nycticorax  nycticorax)  and 
Little  Blue  ( E .  caerulea)  herons  (National  Audubon 
Society  Seabird  Restoration  Program,  unpubl.  data). 

METHODS 

Study  Area. — The  study  was  conducted  in  2004 
and  2005  on  Stratton  Island  (43°  31'  N,  70°  19' 
W),  a  12-ha  National  Audubon  Society  waterbird 
sanctuary  2.4  km  south  of  Prouts  Neck,  Saco  Bay, 
Maine  (Chase  1994,  Kress  1998).  There  are  no 
mammalian  predators  but  hundreds  of  Herring 
( Larus  argentatus)  and  Great  Black-backed  (L. 
marinus)  gulls  use  the  island  for  resting,  foraging, 
and  attempted  nesting;  National  Audubon  Society 
gull  control  measures  designed  to  enhance  tern 
( Sterna  spp.)  productivity  prevented  gulls  from 
raising  young  on  Stratton  Island  during  the  study 
period. 
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FIG.  1.  (A)  Stratton  Island  study  area  showing  Bluff  Island  (i),  Stratton  Island  (ii),  and  Little  Stratton  (iii),  and  (B) 

Common  Eider  nest-monitoring  area  in  2004  (left)  and  2005  (right).  Eider  nests  were  mapped  in  relation  to  habitat  type. 


Nest  Monitoring. — We  recorded  GPS  (Global 
Positioning  System)  coordinates,  predominant 
vegetation  (habitat  type),  and  fate  (successful, 
depredated,  or  abandoned)  of  all  nests  found  on 
the  southern  half  of  Stratton  Island  (2004:  n  = 
285,  2005:  n  =  198)  (Fig.  1A,  B);  the  remainder 
of  the  island  was  avoided  to  limit  disturbance  to 
nesting  wading  birds  and  shorebirds.  We  system¬ 
atically  searched  the  study  area  every  7-10  days 
during  the  nesting  season  to  locate  any  new  nests 
and  to  inspect  the  contents  of  known  nests.  We 
characterized  habitat  type  as  forest  (primarily 
apple  [Malus  pumila ]  and  common  chokecherry 
[Prunus  virginiana ]  with  an  understory  of  orange 
jewelweed  [ Impatiens  capensis ]),  red  raspberry 
(. Rubus  idaeus),  beach  rose  (Rosa  rugosa),  grass- 
es/herbs  (e.g.,  introduced  grasses  [ Festuca  spp. 
and  Phleum  pretense ],  stinging  nettle  [Urtica 
dioica ]),  Asiatic  bittersweet,  staghorn  sumac 
(Rhus  typhina),  or  other.  We  considered  a  nest 
successful  if  at  least  one  egg  hatched.  Other  nests 
were  either  abandoned  (all  eggs  abandoned)  or 
depredated  (all  eggs  clearly  consumed  by  gulls,  as 


indicated  by  broken  eggshells  with  yolk  in  or 
beside  the  nest  cup).  We  mapped  eider  nest 
locations  in  relation  to  habitat  type  using  GIS 
(Geographic  Information  System)  (Map  Maker 
2005).  We  calculated  habitat  areas  by  digitizing  a 
U.S.  Geological  Survey  aerial  photograph  of  the 
study  site.  We  examined  ground-truth  data 
collected  at  each  nest  site  and  local  vegetation 
maps  (National  Audubon  Society  Seabird  Resto¬ 
ration  Program,  unpubl.  data)  to  improve  accuracy 
of  habitat  delineations. 

Statistical  Analyses. — We  calculated  apparent 
nest  success  for  each  habitat  type  as  the  number  of 
nests  hatching  at  least  one  egg  divided  by  the  total 
nests  monitored.  We  excluded  nests  likely  depre¬ 
dated  because  of  researcher  visitation  (2004:  n  = 
10;  2005:  n  =  6).  We  did  not  calculate  Mayfield 
nest  success  (Mayfield  1961,  1975)  because  (1) 
this  estimator  does  not  allow  inclusion  of  nests 
found  depredated  (2004:  n  =  33,  2005:  n  =  21) 
and  (2)  we  attributed  most  depredated  nests  of 
known  age  to  researcher  disturbance  (Donehower 
and  Bird  2008). 
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TABLE  1.  Nest  densities  and  apparent  nest  success  by 
habitat  type  of  Common  Eiders  breeding  on  Stratton  Island, 
Maine,  2004-2005. 


Habitat 

Year 

Density 

(nests/ha) 

Apparent  nest 
success8 

n 

Bittersweet 

2004 

506 

0.89 

79 

2005 

553 

0.82 

65 

Forest 

2004 

117 

0.72 

115 

2005 

66 

0.58 

69 

Raspberry 

2004 

205 

0.87 

55 

2005 

173 

0.87 

45 

Grasses/herbs 

2004 

17 

0.60 

10 

2005 

0 

0 

Sumac 

2004 

0 

0 

2005 

22 

0.50 

2 

Rose 

2004 

731 

0.88 

16 

2005 

231 

0.80 

5 

a  Number  of  successful  nests/total  nests  monitored  after  removing  nests 
depredated  due  to  researcher  visitation. 


We  compared  eider  nest  densities  in  the  different 
habitat  types  using  Poisson  regression  (PROC 
GENMOD)  (SAS  Institute  2002).  Number  of  nests 
observed  in  each  habitat  type  was  the  response 
variable  with  habitat  type  and  year  as  explanatory 
variables;  area  (m2  habitat)  served  as  an  offset 
variable  (Stokes  et  al.  2000).  We  assessed  over¬ 
dispersion  using  the  variance  inflation  factor,  c, 
where  c  =  x2/df  (Stokes  et  al.  2000,  Burnham  and 
Anderson  2002).  We  scaled  the  covariance  matrix 
since  c  exceeded  1  (Stokes  et  al.  2000),  suggesting 
overdispersion,  and  set  a  =  0.05. 

RESULTS 

Eiders  nested  primarily  in  dense  vegetation 
(i.e.,  bittersweet,  raspberry,  forest,  rose),  generally 
avoiding  grasses/herbs  and  sumac  (Table  1, 
Fig.  IB).  Densities  differed  among  habitat  types 
(F5< 5  =  22.8,  P  =  0.002)  but  not  years  (F1>5  = 
2.59,  P  =  0.17).,  Nest  densities  were  highest  in 
bittersweet  (>500  nests/ha),  intermediate  in 
raspberry  (173-205  nests/ha),  and  lowest  in  forest 
(66-117  nests/ha)  (Table  1).  Apparent  nest  suc¬ 
cess  was  0.87  in  raspberry  and  ranged  from  0.82 
to  0.89  in  bittersweet,  and  0.58  to  0.72  in  forest 
(Table  1).  Only  seven  (2004:  1  of  79  nests;  2005: 
6  of  65  nests)  and  eight  (2004:  5  of  55  nests;  2005: 
3  of  45  nests)  nests  were  lost  to  predators  in 
bittersweet  and  raspberry,  respectively,  while  47 
(2004:  27  of  115  nests;  2005:  20  of  69  nests)  nests 
were  depredated  in  forest. 

Few  depredated  nests  were  found  in  either 
bittersweet  or  raspberry  compared  to  forest;  this 


TABLE  2.  Corrected  nest  totals  used  in  a  second 
Poisson  regression  analysis  to  compare  Common  Eider  nest 
densities  on  Stratton  Island,  Maine  in  different  years  and 
nesting  habitats.  This  analysis  assumed  that  observers  failed 
to  detect  unsuccessful  nests  in  bittersweet  and  raspberry 
with  the  same  frequency  as  in  forest. 


Habitat 

Year 

Successful 

nests 

Unsuccessful 

nests 

Total 

nests 

Corrected 

totals8 

Bittersweet 

2004 

70 

9 

79 

97 

2005 

53 

12 

65 

91 

Forest 

2004 

83 

32 

115 

115 

2005 

40 

29 

69 

69 

Raspberry 

2004 

48 

7 

55 

67 

2005 

39 

6 

45 

67 

■  Number  of  nests  used  in  density  estimates  after  correcting  for  possible  bias 
in  detection  probabilities  of  unsuccessful  (depredated)  nests  in  bittersweet  and 
raspberry. 


could  be  due  to  the  greater  difficulty  of  finding 
unsuccessful  nests  amidst  dense  and  structurally 
complex  vegetation.  We  conducted  Poisson  regres¬ 
sion  analysis  using  corrected  nest  densities.  We 
assumed  equal  predation  rates  among  the  three  most 
commonly  used  habitats,  using  forest  as  the 
standard  by  which  to  correct  bittersweet  and 
raspberry  densities  (Table  2);  nest  densities  in  the 
other  habitat  types  were  left  unaltered.  We  found 
significant  differences  among  habitats  (F5>5  =  25.2, 
P  <  0.0001)  but  not  years  (F1>5  =  0.96,  P  —  0.33) 
with  highest  densities  occurring  in  bittersweet. 

DISCUSSION 

Eiders  preferred  dense  and  structurally  complex 
vegetation  for  nesting.  Highest  nest  densities  were 
in  bittersweet  and  rose,  while  lowest  densities 
were  in  sumac  and  grasses/herbs.  Other  studies 
have  shown  eiders  generally  prefer  sites  with 
vegetative  cover  or  other  forms  of  shelter 
(reviewed  in  Goudie  et  al.  2000  but  see  Laurila 
1989,  Divoky  and  Suydam  1995,  Bolduc  et  al. 
2005,  Noel  et  al.  2005).  These  habitats  likely 
provide  increased  protection  from  avian  predators 
through  visual  concealment  and/or  physical  ex¬ 
clusion,  although  factors  unrelated  to  predation 
such  as  energetic  demands  during  incubation  and 
female  condition/quality  may  also  be  important 
but  were  not  evaluated  in  this  study.  For  example, 
incubating  females  using  artificial  shelters  or 
forested  nest  sites  can  have  lower  rates  of  weight 
loss  than  those  at  exposed  sites,  presumably  due  to 
the  more  thermodynamically  favorable  microcli¬ 
mate  they  provide  (Kilpi  and  Lindstrom  1997, 
Fast  et  al.  2007). 
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Eiders  experienced  little  nest  predation  and 
most  losses  to  gulls  were  probably  confined  to 
new,  unattended  nests  (Donehower  and  Bird 
2008).  Predation  rates  were  exceptionally  low  in 
bittersweet  and  raspberry  habitats  (<10%  of  nests 
depredated)  and  were  higher  in  forest  (25-33%  of 
nests  depredated).  The  relatively  open  understory 
of  the  forest  may  have  permitted  gulls  to  more 
easily  detect  or  access  nests.  These  nest  success 
estimates  are  high  (Klett  et  al.  1988,  Goudie  et  al. 
2000).  This  may  be,  in  part,  due  to  our  efforts  to 
exclude  nests  depredated  due  to  researcher 
visitation;  the  impact  of  researcher  disturbance 
is  seldom  considered  but  can  dramatically  influ¬ 
ence  predation  rates  and  eider  breeding  success 
(Ahlund  and  Gotmark  1989,  Keller  1991).  Ap¬ 
parent  nest  success  can  also  be  biased  high 
relative  to  Mayfield-based  estimates. 

The  apparent  estimator  will  be  positively  biased 
when  unsuccessful  nests  are  less  likely  to  be 
detected  by  researchers  than  successful  nests 
(Mayfield  1961,  1975).  Nest  density  estimates 
have  the  same  potential  biases  as  apparent  nest 
success.  Use  of  apparent  nest  success  (or  apparent 
nest  densities)  is  justified  under  certain  conditions 
(Johnson  and  Shaffer  1990).  Our  estimates  of 
apparent  nest  success  may  be  fairly  robust 
because  (1)  nesting  was  highly  synchronous 
(mean  ±  SD  nest  initiation  dates;  4  May  2004 
±  8  days  and  3  May  2005  ±  8  days;  Donehower 
and  Bird  2008)  and  (2)  the  study  area  was  small, 
and  searched  thoroughly  and  frequently.  We 
cannot  dismiss  the  possibility  that  nest  detection 
probabilities  differed  by  habitat  type  and  biased 
apparent  nest  success  and  density  estimates. 

A  follow-up  analysis  using  corrected  nest 
densities  upheld  our  original  findings,  but  we  were 
unable  to  similarly  validate  apparent  nest  success 
estimates.  We  seldom  observed  gulls  entering  either 
bittersweet  or  raspberry.  In  contrast,  we  frequently 
saw  gulls  walking  in  the  open  understory  of  the 
forest.  These  observations  are  consistent  with  our 
finding  that  predation  was  minimal  in  bittersweet 
and  raspberry.  Eiders  had  little  nest  predation  and, 
even  if  nest  success  estimates  in  raspberry  and 
bittersweet  were  positively  biased  relative  to  forest, 
this  conclusion  remains  unchanged. 

The  National  Audubon  Society  has  initiated 
bittersweet  control  efforts  to  reduce  the  threat  of 
smothering  nesting  trees  used  by  wading  birds  (S. 
W.  Kress,  pers.  comm.).  Stands  of  bittersweet 
should  be  left  intact  where  they  do  not  pose  a 
threat  to  the  wading  bird  colony  to  ensure  that 


high  quality  nesting  habitat  remains  available  to 
eiders.  Alternatively,  native  cover  promoting  high 
nest  success  (i.e.,  raspberry)  should  be  planted  in 
areas  where  bittersweet  is  removed. 
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OBSERVATIONS  ON  THE  BREEDING  BIOLOGY  OF  THE  SILKY¬ 
TAILED  NIGHTJAR  ( CA  PRIM  U  LG  US  SERICOCAUDATUS  MENGELI ) 

FIONA  A.  WILKINSON1 


ABSTRACT. — I  found  15  nests  of  the  Silky-tailed  Nightjar  ( Caprimulgus  sericocaudatus  mengeli)  from  1994  to  2004  at 
Cocha  Cashu  Biological  Station,  Manu  National  Park,  Peru.  Females  and  males  shared  incubation  and  brooding  duties  with 
females  on  the  nest  during  the  day  and  males  on  at  night.  Nest  relief  occurred  between  0300-0600  and  1800-2100  hrs. 
Two-egg  clutches  were  placed  on  bare  ground  or  on  leaf-litter  in  more  mature  strands  of  forest.  The  semi-precocial  young 
were  mobile  within  24  hrs  of  hatching  and  remained  in  the  area  with  an  adult  through  the  fledgling  stage.  Both  males  and 
females  feigned  injury  during  incubation  and  brooding  if  disturbed.  Three  nesting  sites  were  used  for  5  years  and  another 
for  10  years,  suggesting  strong  site  fidelity  and  possibly  a  strong  pair  bond  among  long-lived  individuals.  Received  29 
August  2005.  Accepted  29  January  2009. 


The  behavior  and  ecology  of  most  nightjars  and 
nighthawks  (Family  Caprimulgidae)  are  poorly 
known  resulting  from  their  largely  crepuscular 
and  nocturnal  habits.  They  are  difficult  to  locate 
and  monitor,  especially  in  complex  habitats  (e.g., 
rainforests)  and  only  limited  data  about  their 
breeding  biology  are  available. 

The  Silky-tailed  Nightjar  ( Caprimulgus  serico¬ 
caudatus)  is  one  of  12  neotropical  nightjars  which 
breeds  in  South  America  and  belongs  to  the 
largest  and  most  cosmopolitan  genus,  Caprimul¬ 
gus  (Cleere  1998,  Holyoak  2001).  Adult  males 
and  females  of  the  12  species  have  been 
described;  however,  the  young  of  nine  species 
remain  unknown  (Cleere  1998,  Holyoak  2001). 
The  Silky-tailed  Nightjar  is  one  of  the  least 
studied  members  of  the  genus  and  current 
literature  is  limited  to  descriptions  based  on  a 
few  museum  specimens  (Cleere  1998,  Holyoak 
2001)  and  range  extensions  via  vocalizations 
(Madrono  N  and  Esquivel  1997,  Alexio  et  al. 
2000). 

The  known  range  of  this  species  extends  from 
eastern  Peru  and  Bolivia  across  Paraguay  and 
southeastern  Brazil  into  northern  Argentina 
(Cleere  1998,  Holyoak  2001).  Two  subspecies 
(C.  s.  sericocaudatus,  C.  s.  mengeli)  are  recog¬ 
nized  and  differ  in  size  (Dickerman  1975), 
vocalizations  (Hardy  and  Straneck  1989),  and 
geographic  range.  C.  s.  mengeli,  is  slightly  smaller 
and  darker  than  the  nominate  race  (Dickerman 
1975),  and  is  only  known  from  the  Amazonian 
Basin,  whereas  C.  s.  sericocaudatus  is  restricted  to 
the  Atlantic  Forest  region  of  South  America 


1  U.S.  Geological  Survey,  Patuxent  Wildlife  Research 

Center,  National  Museum  of  Natural  History,  Smithsonian 
Institution,  P.  O.  Box  37012,  Washington,  D.C.  20013, 
USA;  e-mail:  wilkinsf@si.edu 


(Cleere  1998,  Holyoak  2001).  I  found  nests  of 
C.  s.  mengeli  in  the  vicinity  of  Manu  National 
Park  in  southeastern  Peru.  Species  identification 
was  confirmed  via  vocalizations  and  plumage 
characteristics,  and  I  use  Silky-tailed  Nightjar  to 
refer  to  the  mengeli  subspecies.  The  objectives  of 
this  study  were  to  describe  (1)  aspects  of  the 
breeding  biology  of  Silky-tailed  Nightjars,  and  (2) 
associated  behaviors. 

METHODS 

Study  Area. — Field  work  was  conducted  be¬ 
tween  September  and  November  in  1994,  1995, 
1997-1999,  and  2004  at  Cocha  Cashu  Biological 
Station  (CCBS)  (1 1°  54'  S,  77°  22'  W,  elevation 
—380  m),  Manu  National  Park,  Department  of 
Madre  de  Dios,  Peru.  A  network  of  trails 
surrounding  the  research  station  encompasses 
—  12  km2  of  undisturbed  lowland  floodplain  and 
evergreen  tropical  forest  (Terborgh  et  al.  1984). 
The  trails  are  relatively  close  together  (—100- 
400  m)  forming  forest  “blocks”  surrounding  an 
oxbow  lake  (Cocha  Cashu;  Fig.  1).  Another 
oxbow  lake  (Cocha  Totora)  borders  the  trail 
system  to  the  east.  Habitats  within  the  study  area 
were  divided  using  Trail  #  12  that  is  east-west 
between  the  two  lakes,  and  which  separates 
mature,  high  canopy  forest  to  the  north  and 
younger  forest  to  the  south  (J.  W.  Terborgh,  pers. 
comm.).  There  are  swamps  throughout  the  study 
area,  but  most  are  in  the  southern  portion. 
Ambient  temperature  ranged  from  10  to  33°  C 
from  August  to  December  with  a  mean  of  24°  C. 
Rainfall  was  concentrated  during  November  to 
May  with  an  annual  total  of  —2,000  mm  (Ter¬ 
borgh  1990). 

Nightjar  activity  (e.g.,  calling,  nest  relief, 
feeding  young)  typically  began  15  to  30  min 
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FIG.  1.  Nests,  sites,  and  calling  activity  of  Silky-tailed  Nightjars  at  Cocha  Cashu  Biological  Station,  Manu  National 
Park,  Peru,  1994-1999  and  2004.  Solid  symbols  =  nests,  open  symbols  =  calling  individuals,  s  =  nesting  site,  f  =  adult 
males  that  flushed  during  the  day,  and  *  =  two  individual  birds  calling  at  the  same  time  from  approximately  the 
same  location. 


prior  to  sunset  and  sunrise  during  the  breeding 
season  and  lasted  from  2  to  60  min,  depending  on 
nesting  stage  (incubation,  brooding).  Censuses 
and  nest  observations  occurred  from  0300  to  0600 
and  1700  to  2100  hrs. 

Censuses. — I  found  several  Silky-tailed  Night¬ 
jar  nests  between  September  and  November  1994 
and  1995  while  searching  for  nests  of  Ocellated 
Poorwills  ( Nyctiphrynus  ocellatus ),  which  exhib¬ 
ited  a  strong  preference  for  areas  along  the  trails 
(FAW,  unpubl.  data).  Six  census  routes  (x  = 
4.14  km,  range  =  1. 5-6.6  km  in  length)  were 
established  in  1997  covering  an  area  of  ~5  km2. 
Routes  were  selected  based  on  areas  where  nests 
were  located  and  calls  were  heard  most  frequently 
in  1994  and  1995  for  both  species.  Calling 
nightjars  could  be  heard  at  least  100  m  from 
trails.  Censuses  were  conducted  by  walking  the 
trails  during  selected  hours  2-3  times  per  week 
per  time  period.  Areas  where  birds  were  flushed 
and/or  heard  calling  outside  of  the  census 


parameters  were  visited  the  following  dawn  or 
dusk  to  check  for  nightjar  activity  (nests,  calls, 
etc.)  and  were  sporadically  checked  throughout 
the  field  season. 

I  detected  the  birds’  orangish  red  eye  shine  with 
a  headlamp  or  a  hand-held  spotlight  during  dark 
periods.  Birds  nested  on  the  ground  and  tended  to 
align  themselves  parallel  to  the  trail;  it  was 
necessary  to  walk  trails  in  both  directions  to 
detect  eye  shine.  Nightjars  do  not  build  an  actual 
nest  structure  and  I  define  a  “nest”  as  the  location 
of  the  eggs  or  nestlings. 

Birds  were  captured  by  approaching  the  nest 
silently  and  covering  them  with  a  hand-held  insect 
net.  I  attempted  to  capture  adults  within  12  to 
24  hrs  of  nest  discovery  but  only  made  1-2 
attempts  per  field  season  to  minimize  the 
possibility  of  nest  abandonment.  Eggs,  nestlings, 
and  adults  were  weighed  using  a  Pesola  spring 
balance  and  measurements  were  taken  with 
calipers.  Eggs  were  handled  with  a  spoon  to 
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prevent  transfer  of  human  scent  and  numbered 
with  waterproof  ink.  I  measured  right  wing  chord, 
tail  length,  bill  length  from  nostril  to  tip,  length  of 
the  right  tarsus  plus  middle  toe,  and  length  of  the 
longest  right  rictal  bristle  of  adults  and  nestlings. 
Adults  were  banded  with  a  color  band  on  each  leg 
and  gender  was  assigned  based  on  plumage 
characteristics.  Males  have  a  prominent  white 
collar  and  the  tips  of  the  outer  tail  feathers  are 
white;  the  white  is  replaced  by  buff  in  females 
(Cleere  1998,  Holyoak  2001). 

Observations. — Nests  were  initially  monitored 
within  12  to  24  hrs  of  discovery  and  revisited  every 
3  days  alternating  between  morning  and  evening 
hours  until  the  nest  was  no  longer  located.  One  nest 
with  young  was  observed  on  two  different 
occasions  outside  regular  observation  periods  to 
assess  diurnal  and  nocturnal  activities. 

Observations  were  made  using  10  X  42 
binoculars  and/or  a  Sony  Hi-8  video  camera  from 
a  blind  10  m  from  the  nest.  The  video  camera, 
coupled  with  an  infrared  illuminator,  allowed  me 
to  observe  and  record  birds  in  complete  darkness. 
I  analyzed  127  min  of  video  footage  of  nesting 
behaviors.  All  nests  were  checked  twice  a  week 
outside  of  the  main  observation  periods  during  the 
day  and  night  to  verify  which  adult  was  on  the 
nest.  The  nesting  adult  and  nest  were  observed 
until  the  adult  returned,  if  flushed,  and  resumed 
nesting  duties  or  for  20  min,  after  which  I  left  the 
area  to  minimize  risk  of  predation  and/or 
abandonment. 

Locations  of  all  calling  individuals  and  nests 
were  plotted  on  a  map  to  estimate  population 
density  and  site  fidelity  between  years.  These 
points  were  also  used  to  create  a  fixed  shape  to 
estimate  core  area  use  (ha)  by  breeding  pairs  and  I 
refer  to  this  area  as  a  nesting  site.  The  elliptical 
shape  was  based  on  site  #  3  where  a  concentration 
of  nightjar  activity  was  recorded  for  five  field 
seasons,  including  two  nests  found  in  1998.  This 
shape  was  centered  on  each  nest  site  in  each  year 
to  examine  the  frequency  of  use  of  the  surround¬ 
ing  areas  between  years.  The  combined  areas  were 
considered  to  be  a  single  site  if  there  was  25%  or 
more  overlap. 

Habitat  Measurements. — I  measured  habitat 
characteristics  after  young  fledged,  or  when  nests 
were  abandoned  or  depredated,  using  a  modified 
version  of  James  and  Schugart’s  (1970)  method  of 
vegetation  analysis.  Two  circular  plots  (A  and  B) 
centered  on  the  original  nest  site  ( n  =  9)  were 
created  to  measure  ground  and  canopy  cover,  and 


numbers  of  plants  within  plot  A  (1-m  diam)  were 
counted  in  each  of  three  height  categories  (0.0- 
0.5,  >0. 5-1.0,  and  >1.0-1. 5  m).  Two  perpendic¬ 
ular  10-m  transects  were  established  in  plot  B  (10- 
m  diam)  with  the  first  in  the  direction  of  the  bird. 
The  number  of  woody  shrubs  and  saplings 
(<7.5  cm  in  diameter  at  breast  height  [DBH]) 
for  5  m  behind  and  in  front  of  the  nest  at  arms 
width  (~2  m)  was  counted  along  this  transect. 
Ground  and 'canopy  cover  at  1-m  intervals  ( n  = 
21)  were  measured  along  the  two  transects.  The 
number  of  trees,  including  palms,  with  DBH 
&10  cm  within  plot  B  was  recorded.  The  same 
parameters  were  measured  at  20  randomly 
selected  (using  a  random  numbers  table  [Heyer 
et  al.  1994])  nest  sites  (10  in  each  of  the  northern 
and  southern  portions  of  the  study  area).  Transects 
at  these  sites  were  north-south  and  east-west.  I 
tested  for  homogeneity  of  variances  ( F  test)  for 
habitat  characteristics  and  compared  means  with 
either  a  two-sample  Student’s  f-test  (equal  vari¬ 
ances)  or  Welch’s  f-test  (unequal  variances). 
PAST  Version  1.81  (Hammer  et  al.  2001)  was 
used  for  all  analyses  and  significance  was  set  at 
0.05.  Means  ±  SD  are  presented. 

RESULTS 

I  captured-,  measured,  and  banded  four  adults. 
Only  mass  of  females  (x  =  75.25  ±  1.0  g,  n  =  2) 
differed  from  males  (x  =  69.75  ±  1.0  g,  n  =  2). 
Ten  nests  were  observed  for  73  hrs,  37:15  hrs 
during  incubation  and  35:45  hrs  during  brooding. 

Breeding  Biology  and  Behavior. — I  found  15 
nests  between  1994  and  2004.  Fourteen  were 
within  5  m  of  a  trail;  the  other  was  in  an  open  area 
25  m  from  the  nearest  trail.  Twelve  nests 
contained  two  eggs,  one  had  one  egg  and  a 
newly  hatched  chick,  and  one  had  two  nestlings 
>l-week  of  age.  The  contents  of  one  nest  were 
unknown,  although  the  injury-feigning  behavior 
of  the  female  indicated,  the  presence  of  nestlings 
(Table  1).  Nests  were  on  the  ground  either  on  bare 
patches  or  on  leaf-litter. 

Eggs  were  elliptical,  smooth,  and  pale  pinkish- 
orange  in  color  with  dark  maroon  specks  concen¬ 
trated  at  the  blunt  end.  Color  intensity  and 
concentration  of  specks  varied  among  eggs.  Eggs 
averaged  27.1  ±2.1  mm  in  length  (range  =  21.8- 
31.0  mm,  n  =  22)  by  21.4  ±  3.1  mm  in  width 
(range  =  18.0-30.7  mm),  and  had  a  mass  of  6.68 
±  1.2  g  (range  =  4.0-8. 5  g). 

The  precise  duration  of  the  incubation  and 
brooding  periods  could  not  be  calculated  because 
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TABLE  1. 
Park,  Peru  (e 

Site  fidelity  and  nesting  activity  of  Silky-tailed  Nightjars 
=  egg,  n  =  nestling,  f  =  fledgling,  d  =  depredated,  and 

at  Cocha  Cashu  Biological  Station,  Manu  National 
u  =  egg  pipped  but  hatching  not  successful). 

Site  # 

Year 

Nest  # 

Activity 

Beginning  status 

Ending  status 

i 

1994 

i 

Nest 

2e 

2f 

1995 

4 

Nest/calls 

2nc 

2f 

1997 

Calls” 

1998 

9 

Nest/calls 

2e 

2d 

2 

1994 

2 

Nest 

2e 

2d 

3 

1995 

3 

Nest/calls” 

2e 

2d 

1996 

Nestb 

1997 

7 

Nest/calls” 

2e 

2d 

1998 

8 

Nest/calls” 

2e 

2d 

1998 

12 

Nest/calls” 

2e 

2d 

2004 

Calls 

4 

1995 

5 

Nest/calls 

2e 

lu.  If 

1998 

Calls 

1999 

Calls 

5 

1997 

6 

Nest/calls 

2e 

2d 

1998 

Calls” 

6 

1995 

Calls” 

1998 

10 

Nest 

2n 

2f 

1999 

14 

Nest/calls 

2e 

2f 

7 

1998 

11 

Nest/calls 

2e 

2d 

8 

1997 

Calls 

1999 

13 

Nest/calls 

le,  In 

2f 

9 

2004 

15 

Nest 

2e 

? 

10 

1998 

Calls” 

a  Two  individuals  calling. 
b  Nest  located  in  alternate  year. 
c  Assumed  2  nestlings  based  on  behavior. 


all  nests  were  active  (with  eggs  or  nestlings)  when 
located.  The  earliest  and  latest  nests  with  eggs 
were  on  16  September  1998  and  25  October  1994, 
respectively.  A  nest  found  on  21  September  1998 
contained  nestlings  estimated  to  be  —14  days  of 
age  based  on  size  and  plumage,  suggesting  a 
laying  date  of  —20  August. 

Both  adults  incubated  and  brooded  young. 
Females  were  on  the  nest  during  the  day  at  all 
times.  The  earliest  and  latest  times  a  female  was 
observed  on  a  nest  during  incubation  and 
brooding  were  0503  and  1900,  and  0328  and 
2000  hrs,  respectively.  Males  were  only  observed 
incubating  or  brooding  at  night.  The  earliest  and 
latest  times  a  male  was  on  a  nest  during 
incubation  were  1831  and  0440  hrs  and,  during 
brooding,  2030  and  0540  hrs. 

Chicks  were  semi-precocial,  hatched  on  suc¬ 
cessive  days,  covered  with  golden  down,  weighed 
6-7  g  (n  =  2),  and  were  mobile  within  24  hrs. 
Dark  brown  pin  feathers  began  to  appear  by  day  3. 
Nestlings  could  “hop”  over  short  distances  (x 
distance  =  2.7  ±  2.84  m,  range  =  0. 7-6.0  m,  n  = 
3)  by  3  days  of  age  and  up  to  3.6  ±  0.8  m  (range 


=  3. 0-5.0  m,  n  =  6)  at  4/5  days.  Nestlings  were 
capable  of  flying  —6  m  by  1 1  and  12  days  of  age, 
and  were  active  during  the  day.  They  often 
emerged  from  under  the  female  to  preen,  stretch 
their  wings,  and  peck  at  decaying  material  near 
the  nest.  The  sheaths  of  the  alar  feathers  were 
broken  at  this  stage,  displaying  brown  tips  and 
coverts  were  grayish  brown  with  distinguishable 
brown  circular  markings.  Pin  feathers  along  the 
capital  and  caudal  tracts  continued  to  develop 
making  the  nestlings  more  cryptic.  The  light 
colored  tips  of  the  outer  tail  feathers  were  visible 
in  flight.  Nestlings  at  nest  #10  flushed  from  the 
same  area  in  the  early  morning  every  few  days 
until  about  24  days  of  age;  an  adult  was  present  at 
times. 

Eight  of  13  nests  with  eggs  were  depredated 
(Table  1),  but  only  after  the  nests  had  been 
abandoned.  Seven  of  eight  failed  nests  were 
depredated  within  12  hrs  of  the  adult  not  returning 
after  flushing  in  response  to  natural  disturbance  or 
a  capture  attempt.  The  female  from  the  eighth  nest 
consistently  flushed  whenever  there  was  move¬ 
ment  nearby.  She  flushed  at  day  9,  and  did  not 


502 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  3,  September  2009 


return;  the  eggs  disappeared  I  week  later. 
Presumably,  11  young  from  six  nests  fledged 
successfully.  One  other  egg  pipped  but  hatching 
was  unsuccessful  and  the  fate  of  nest  #15  was 
uncertain  as  the  female  was  incubating  when  I  left 
the  study  area.  I  recorded  no  instances  of 
predation  on  adults  or  chicks. 

Nesting  adults  faced  parallel  to  the  trail  and 
tended  to  flush  when  I  approached  within  10  m 
(range  =  1-10  m,  n  =  11)  or  if  an  intruder 
remained  stationary  near  the  nest  for  5-10  min. 
Incubating  females,  when  flushed,  typically  flew 
5-20  m  to  an  open  area  on  the  ground  (usually  the 
trail)  or  a  branch  (2-10  m  high),  positioning 
themselves  perpendicular  to  it.  Regardless  of 
where  the  female  flushed,  she  remained  still  or 
drooped  one  wing  and  quietly  flapped  it,  or 
flapped  both  wings  several  times  prior  to  flying 
behind  nearby  vegetation.  Females  resumed  the 
same  position  as  prior  flushing  upon  returning  to 
the  nest. 

Injury-feigning  was  more  intense  during  the 
brooding  period.  A  female  at  one  nest  flushed  to 
the  middle  of  the  trail,  revealing  two  newly 
hatched  nestlings.  As  I  approached  the  nest,  she 
quietly  but  rapidly  flapped  her  wings  up  and  down 
against  the  ground  and  then  flew  straight  at  me 
circling  around  my  head  within  1  m,  before 
returning  to  the  trail  where  she  continued  flapping 
her  wings.  When  I  moved  toward  her,  she  flew 
short  distances  (2-3  m)  from  the  nest,  and 
continued  to  display.  The  amount  of  injury- 
feigning  decreased  as  the  distance  from  the  nest 
increased.  On  two  occasions  at  another  nest,  when 
nestlings  were  ~3  and  then  6  days  of  age,  the 
male  flushed  and  flew  5  m  to  an  open  area  in  the 
trail.  He  then  vigorously  flapped  his  wings  hard 
against  the  ground  before  flying  while  calling 
several  times.  Brooding  adults,  after  being 
flushed,  would  settle  within  1-1.5  m  of  the  nest 
and  call  to  the  young  by  making  short,  guttural 
sounds.  Nestlings  would  either  approach  the  adult 
with  short  hops  prior  to  burrowing  underneath  or 
would  hop  to  a  new  location  and  wait  for  the  adult 
to  join  them.  Adults  returned  to  the  young  within 
10-30  min. 

Nest  relief  occurred  just  prior  to  daybreak 
(0300-0600  hrs)  or  in  complete  darkness  at  night 
(1800-2100  hrs).  The  nesting  adult  during  incu¬ 
bation  typically  bobbed  its  head  up  and  down 
while  looking  from  side  to  side,  and  quietly  flew 
straight  up  from  the  eggs  as  the  mate  approached. 
The  mate  quietly  flew  to  the  vicinity,  looked 


around  and,  at  times,  rolled  the  eggs  prior  to 
settling  on  the  nest.  I  heard  an  adult  Silky-tailed 
Nightjar  calling  at  nest  #  6  in  the  early  evening 
near  the  incubating  female  for  about  14  min 
(1756-1809  hrs)  and,  following  the  last  call,  this 
adult,  presumably  the  male,  flew  over  my  head  to 
a  nearby  area.  The  female  then  rocked  back  and 
forth  and  looked  around  for  the  next  40  min.  She 
flushed  straight  up  from  the  nest  at  1900  hrs 
making  two  loud  short,  sharp  clicking  sounds  that 
sounded  mechanical  rather  than  vocal. 

Twice  I  heard  counter-calling  between  males 
and  females  at  nest  sites  prior  to  morning  nest 
relief  (once  during  incubation  and  again  during 
brooding).  On  a  separate  occasion,  a  brooding 
male  called  16  times  from  the  nest  during  the 
morning-  and,  after  feeding  the  young  via 
regurgitation,  stopped,  intently  looked  around 
and  then  gave  a  different  one-note  high  pitched 
“sweet”  call  six  times  before  flying.  Almost 
immediately,  both  adults  gave  this  one-note  call 
three  times  each. 

Individuals  called  between  dusk  and  dawn 
during  the  breeding  season;  calling  activity  was 
greatest  in  October.  Calling  occurred  in  the  early 
evening  between  1740  and  2038  hrs,  peaking  at 
— 1815  hrs  and,  in  the  morning,  between  0400  and 
0550  hrs  peaking  at  0453  hrs.  Only  one  or  two 
calls  were  usually  given.  However,  on  three 
separate  occasions  (twice  in  Oct  1995,  once  in 
Sep  1999)  at  site  #  6,  an  adult  was  heard  calling 
continuously  between  0420  and  0525  hrs  for 
6  min,  45  min,  and  14  min,  respectively. 

It  is  uncertain  where  the  mate  of  the  nesting 
pair  roosts.  Two  males  flushed  from  the  ground 
during  the  day  in  October  1997  from  areas 
relatively  near  active  nests  (site  #  3,  200  m;  site 
#  5,  275  m).  They  did  not  display  any- distinctive 
behaviors  (e.g.,  injury-feigning),  but  flew  low  and 
parallel  to  the  forest  floor,  further  into  the  forest 
block  toward  the  incubating  females. 

I  found  no  evidence  of  double  brooding  but  the 
birds  likely  renested  when  the  first  attempt  was 
unsuccessful.  Two  nests  were  found  in  1998 
within  site  #  3  at  locations  210  m  apart,  and  I 
assumed  they  were  from  the  same  breeding  pair. 
Nest  #  8  was  located  on  16  September  and 
depredated  on  22  September.  The  following  day  a 
pair  of  nightjars  was  heard  counter-calling  at 
0511  hrs  about  100  m  east  of  nest  #  8;  the  male 
was  seen  calling  from  a  perch  about  5  m  above 
ground  level  along  the  trail’s  edge.  No  other  Calls 
were  heard  in  the  vicinity  and  it  is  possible  the 
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male  incubating  two  eggs  at  nest  #  12,  21  days 
later,  was  the  one  I  saw  earlier. 

Nest  Site  and  Habitat. — I  found  14  nests  in  the 
northern  section  of  the  study  area,  including  those 
along  or  near  Trail  #  12  (Fig.  1),  while  one  was  in 
the  southern  section.  The  15  nests  were  at  nine 
different  sites,  three  of  which  included  two  or 
more  nests.  The  mean  distances  between  nests 
within  these  sites  were:  115  m  (site  #  1,  range  = 
5-170  m,  n  =  3);  140  (site  #  3,  range  =  5-210  m, 
n  =  6);  and  125  m  (site  #  6,  n  =  2).  A  tenth  site 
was  delineated  based  on  calls  of  two  individuals 
consistently  heard  from  8  October  to  4  November 
1998. 

Six  sites  were  used  in  several  years  and, 
although  nests  were  not  located  in  all  years,  site 

#  8  may  have  been  used  for  3  years  while  sites  #’s 
1,  4,  and  6  may  have  been  used  for  5  years 
(Table  1).  A  Silky-tailed  Nightjar  nest  was 
located  during  my  absence  in  1996  within  site  # 
3  (D.  J.  Brightsmith,  pers.  comm.)  confirming  this 
site  was  used  for  4  consecutive  years.  Calls  heard 
during  the  2004  census  suggest  that  nightjars  may 
have  occupied  this  area  for  10  years.  The  core 
area  used  at  this  site  was  —5.84  ha.  Core  area 
estimations  for  sites  that  overlapped  by  at  least 
25%  were  —9.33-  ha  (site  #  6)  and  —10.60  ha  (site 

#  1). 

Distances  between  used  sites  and  nearest 
neighbors  were:  750  m  (1994,  n  =  1),  450  ± 
71  m  (1995,  range  =  400-550  m,  n  =  4),  750  ± 
446  m  (1997,  range  =  400-1325  m,  n  —  4),  418 
±  94  m  (1998,  range  =  325-575,  n  =  7),  and  550 
±  248  m  (1999,  range  =  375-725  m,  n  =  3),  and 
1600  m  (2004,  n  =  1). 

Only  the  number  of  trees  with  DBH  >10  cm 
differed  significantly  between  nest  and  random 
sites  (Table  2).  The  average  number  of  trees 
within  plot  B  near  the  northern  nest  sites  ( x  = 
9. 1 1  ±  6.27,  n  =  9)  was  greater  (P  =  0.02)  than 
number  of  trees  in  the  northern  random  sites  ( x  = 
3.00  ±  2.16,  n  =  10),  and  greater  {P  =  0.03)  than 
all  random  sites  combined  ( x  =  3.65  ±  2.37,  n  = 
20).  There  was  no  significant  difference  between 
canopy  and  ground  cover  among  all  sites; 
however,  80%  of  nests  ( n  =  12)  were  >20  m 
from  areas  that  periodically  flooded  (low  areas 
consisting  of  streams  or  small  swamps).  The 
remaining  three  were  within  15  m  of  small, 
depressed  areas  —3-10  m  in  length  dominated 
by  small  patches  of  broadleaf  monocots  including 
Heliconia  sp.  (Family  Heliconiaceae)  and  Reneal- 
mia  sp.  (Family  Zingiberaceae). 


DISCUSSION 

An  August  to  December  breeding  period  for  the 
Silky-tailed  Nightjar  coincides  with  the  latter  half 
of  the  dry  season  through  the  beginning  of  the 
rainy  season.  This  is  similar  to  the  breeding  period 
for  the  Ocellated  Poorwill  (FAW,  unpubl.  data) 
and  for  Blackish  Nightjars  ( Caprimulgus  nigres- 
cens )  in  western  Brazil  (Roth  1985). 

Adult  nightjars  have  been  documented  to  share 
incubation  and  brooding  duties  with  the  female 
attending  the  nest  during  the  day  and  the  male  at 
night  (Jackson  1985,  Hustler  and  Mitchell  1997). 
The  Silky-tailed  Nightjar  followed  this  pattern  but 
these  observations  contrast  to  those  for  Blackish 
(Roth  1985)  and  Puerto  Rican  (C.  noctitherus ; 
Vilella  1995)  nightjars  where  males  were  most 
frequently  observed  incubating  and  brooding 
during  the  day. 

Young  nightjars  are  mobile  and  able  to  move 
short  distances  within  24  hrs  of  hatching  (Raynor 
1941,  Ingels  et  al.  1984).  Their  mobility  increases 
and  young  are  capable  of  flying  short  distances  as 
they  became  older.  European  Nightjars  (C. 
europaeus )  can  fly  up  to  16  m  by  18  days  of 
age  (Lack  1957).  Nightjars  may  leave  the  nesting 
area  (Roth  1985)  at  about  this  age,  or  remain  near 
the  nest  site  with  or  without  adults  (Longstaff  and 
Jourdain  1926).  The  young  at  nest  #  10  regularly 
flushed  from  the  same  site,  but  remained  within 
the  area  until  24  days  of  age.  They  were  not 
located  thereafter  and  it  is  possible  they  either 
fledged  or  still  occupied  the  area.  Young  Europe¬ 
an  Nightjars  have  been  reported  to  occupy  their 
nest  site  until  45^16  days  of  age  with  both  adults 
nearby  (Tutt  1955). 

Nightjars  eat  a  variety  of  insects  and  young  are 
fed  by  their  parents  via  regurgitation  (Raynor 
1941,  Cleere  1998).  Nestlings  may  also  forage 
for  ground  insects  around  the  nest-site  (Vilella 
1995)  or  pick  up  small  soil  granules  to  aid  in 
digestion  (Jenkinson  and  Mengel  1970).  This  was 
most  likely  the  case  for  the  young  I  observed 
pecking  at  decaying  material,  a  behavior  also 
observed  for  young  Puerto  Rican  Nightjars  (Vilella 
1995),  Ocellated  Poorwills  (FAW,  unpubl.  data), 
and  adult  Whip-poor-wills  (C.  vociferous ;  Jones 
1933). 

The  sharp  clicking  sounds  made  by  the  female 
at  nest  #  1 1  may  have  been  produced  by  wing¬ 
clapping  or  other  mechanical  means  associated 
with  being  disturbed  prior  to  nest  relief.  There 
isn’t  a  particular  behavior  associated  with  these 
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TABLE  2.  Habitat  characteristics  (mean  ±  SD)  of  nest  sites  of  Silky-tailed  Nightjars  (STNJ)  («  =  9)  and  random  sites 
in  both  the  northern  (n  =  10)  and  southern  ( n  =  10)  sections  of  the  study  area  at  Cocha  Cashu  Biological  Station,  Manu 
Park,  Peru,  1994-1999  and  2004. 

Variable 

STNJ 

Northern 

Southern 

Plot  A,  1-m  diam 

Seedlings,  0-0.5  m 

6.44  ±  2.65 

3.9  ±  2.81 

4.4  ±  3.41 

Seedlings,  >0.5-1. 0  m 

0.89  ±  1.69 

0.10  ±  0.31 

0.20  ±  0.42 

Seedlings,  >1.0-1. 5  m 

0.44  ±  1.01 

0.20  ±  0.63 

0.20  ±  0.42 

Canopy  cover,  % 

100 

100 

90  ±  31.62 

Ground  cover,  % 

0 

30  ±  48.30 

10  ±  31.62 

Plot  B,  10-m  diam 

Woody  stems,  £7.5  cm  in  front 

2.89  ±  3.26 

Woody  stems,  £7.5  cm  behind 

3.56  ±  2.40 

Trees,  a;  10  cm  dbh 

9.11  ±  6.27 

3.00  ±  2.16 

4.3  ±  2.50 

Canopy  cover,  % 

95  ±  7.53 

98  ±  6.02 

83  ±  23.25 

Ground  cover,  % 

45  ±  23.22 

32  ±  15.23 

35  ±  17.25 

noises  but  similar  sounds  have  been  reported  for 
several  caprimulgid  species  while  in  flight  (Sick 
1993),  when  disturbed  from  rest  (Coward  1928), 
while  defending  territories  (Mengel  et  al.  1972), 
during  display  flights  (Hilty  and  Brown  1986, 
Clay  et.  al.  2000),  and  courtship  (Lack  1932, 
Mengel  et  al.  1972). 

Injury-feigning  is  a  common  anti-predator 
behavior  used  by  caprimulgids  during  nesting 
and  intensity  of  the  display  varies  by  gender  and 
nesting  stage.  Exaggerated  injury-feigning  has 
been  reported  for  male  Swamp  Nightjars  (C. 
natalensis)  during  incubation  (Hustler  and  Mitch¬ 
ell  1997)  and  for  brooding  Freckled  Nightjars  (C. 
tristigma ;  Steyn  1971)  with  more  intense  displays 
at  night.  I  observed  similar  intensity  displayed  by 
a  brooding  male  Silky-tailed  Nightjar  in  contrast 
to  Lack’s  (1932)  observation  that  this  behavior  is 
poorly  developed  and  less  intense  during  the 
night. 

Both  males  and  females  readily  flushed  from 
nests  when  approached.  Adults  are  extremely 
cryptic  but  eggs  are  relatively  conspicuous.  Nest 
success  may  be  negatively  correlated  with  adults’ 
flushing  behavior  during  incubation,  length  of 
time  they  were  away  from  the  nest,  and  age  of  the 
eggs.  Adults  repositioned  themselves  when  they 
returned  to  the  nest  after  being  flushed,  facing  the 
same  way  and  parallel  to  the  trail.  The  direction 
birds  faced  was  towards  open  areas  which 
potentially  provided  a  larger  area  to  escape  from 
predators. 

Nightjars  re-use  nest  sites  between  years  (Berry 
1979,  Jackson  1985,  Vilella  1995).  Repeated  use 
of  certain  areas  at  CCBS  indicates  Silky-tailed 


Nightjars  exhibit  site  fidelity.  Nests  within  sites 
#’s  1,  3,  and. 6  were  within  5-170  m  of  one 
another  in  different  years.  The  two  nests  in  site  #  1 
were  170  m  apart  (1994-1995);  3  years  later  a 
nest  was  found  directly  across  the  trail  (5  m)  from 
the  nest  in  1994.  Nests  of  banded  pairs  of 
Ocellated  Poorwills  were  0  to  140  m  apart 
between  years  (FAW,  unpubl.  data). 

Nightjar  density,  territory  size,  and  home  range 
cannot  be  accurately  measured  without  marking 
and  radio-tracking  individuals.  However,  an 
estimate  of  8.59  ha  ( n  =  3,  range  =  5.84- 
10.60  ha)  indicates  breeding  pairs  occupy  a 
relatively  large  area.  This  estimate  is  larger  than 
those  reported  for  areas  of  primary  use  (e.g., 
territory,  home  range)  for  Puerto  Rican  Nightjars 
(5.2  ha;  Villella  1995),  Fiery-necked  Nightjars  ( C . 
pectoralis)  (5.8  ha;  Jackson  1985),  and  five 
species  (6.5  ha)  in  Zimbabwe  (Jackson  1984), 
but  within  the  range  for '  European  Nightjars 
(5.87-25.20  ha;  Lack  1932,  Berry  1979,  Cadbury 
1981). 

Use  of  nest  sites  'in  areas  with  increased 
numbers  of  large  trees  (DBH  >10  cm)  may 
indicate  a  preference  for  older  forest,  which 
corresponds  to  areas  less  likely  to  flood.  Birds  at 
CCBS  appeared  to  nest  away  from  areas  com¬ 
monly  inundated,  perhaps  to  prevent  flooding  of 
nests  during  heavy  rains.  The  closed  canopy  in 
these  areas  also  makes  for  a  more  open  understory 
which  may  facilitate  feeding.  Ocellated  Poorwills, 
the  most  common  nightjar  species  at  CCBS,  in 
contrast  nested  close  to  swampy  areas,  primarily 
south  of  Trail  #  12  (FAW,  unpubl.  data).  Both 
species  used  Trail  #12  every  year  of  the  study  and 
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I  have  no  evidence  suggesting  conflict  for  space, 
food,  or  other  resources. 
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INCUBATION  IN  GREAT  TINAMOU  ( TINAMUS  MAJOR) 

PATRICIA  L.  R.  BRENNAN1 2 


ABSTRACT. — I  monitored  Great  Tinamou  ( Tinamus  major)  dutches  between  February  and  May  2000-2002  at  La  Selva 
Biological  Station  in  Costa  Rica,  and  describe  observations  on  incubation  behavior  and  nest  attendance.  Incubation  lasted 
17  days  and  began  after  the  clutch  was  completed.  Nest  attendance  during  monitoring  was  high:  birds  were  incubating 
during  249  nest  checks  at  all  incubation  stages.  Only  five  of  18  incubating  birds  that  were  monitored  (34,282  min)  with 
video  and  photographic  cameras  left  the  nest  for  a  combined  257  min.  There  was  no  pattern  to  time  of  day  or  length  of  time 
when  incubating  birds  left  the  nest.  DNA  from  seven  incubating  birds  was  used  to  identify  gender  and  all  were  males.  All 
birds  that  sat  on  clutches  defended  their  eggs  and  subsequent  chicks,  but  were  not  recorded  standing  up  to  turn  their  eggs. 
High  nest  attendance  and  reduced  parental  activity  at  the  nest  may  reduce  nest  detection  by  predators.  Received  2  June 
2008.  Accepted  23  February  2009. 


Uniparental  male  care  has  been  associated  with 
a  variety  of  mating  systems  including  monogamy, 
polyandry,  and  polygynandry  (Handford  and 
Mares  1985).  The  Tinamidae  is  the  largest  family 
of  birds  where  exclusive  male  parental  care  is 
known  to  occur.  However,  the  breeding  biology  of 
most  tinamou  remains  unknown,  and  most 
published  incubation  data  are  based  on  single 
male  observations.  Data  on  other  bird  species  with 
exclusive  male  parental  care  indicate  they  have 
higher  levels  of  attendance  (median  =  92.2%) 
than  species  where  only  females  incubate  (median 
=  76.7%)  (Deeming  2002a). 

Male  attendance  at  the  nest  was  reported  for 
Slaty-breasted  Tinamou  ( Crypturellus  boucardi). 
The  single  male  observed  incubating  remained  in 
contact  with  the  eggs  91.4%  of  the  time,  taking 
one  long  recess  every  2  days  in  the  middle  of  the 
afternoon,  and  turning  the  eggs  5-10  times  a  day 
after  standing  up  (Lancaster  1964b).  A  male 
Brushland  Tinamou  ( Nothoprocta  cinerascens) 
took  one  break  almost  daily  for  43-187  min 
(Lancaster  1964a).  A  male  Ornate  Tinamou  (TV. 
ornata)  monitored  at  the  nest  for  several  days  left 
the  nest  three  times  a  day  (morning,  midday,  and 
late  afternoon)  for  40-105  min,  and  became  more 
attentive  as  incubation  progressed  (Pearson  and 
Pearson  1955).  Barlett’s  Tinamou  ( Crypturellus 
barletti),  unlike  other  tinamou,  has  remarkably 
low  nest  attendance  (65%)  as  measured  by 
temperature  data-loggers  in  12  nests  with  males 
taking  long  recesses  during  the  day  starting  early 
in  the  morning  (Schelsky  2003). 
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Great  Tinamou  ( Tinamus  major )  are  among  the 
largest  species  of  tinamou  (1,500  g)  and  occur 
from  southeastern  Mexico  to  eastern  Bolivia  and 
Amazonian  Brazil  (Blake  1977).  They  nest  on  the 
ground  between  tree  buttresses  and  lay  large  (56- 
63  mm)  turquoise  eggs  (Davies  2002).  Males  are 
reluctant  to  leave  the  eggs,  and  have  been  reported 
to  remain  motionless  while  incubating,  allowing 
observers  to  touch  them  with  a  twig  (Cabot  1992) 
and  mark  them  with  paint  (Skutch  1963). 
However,  clutch  abandonment  can  result  after 
disturbances  that  cause  flushing  from  the  nest 
(Skutch  1960).  Great  Tinamou  are  promiscuous; 
there  is  no  pair  bond  and  females  move  from  male 
to  male  laying  eggs.  Apparent  males  incubate 
clutches  laid  by  a  single  female  (3  eggs)  or  by 
multiple  females  (up  to  8  eggs)  (Brennan  2005). 
They  do  not  build  a  nest  but  females  lay  eggs  on 
top  of  leaf  litter  in  between  tree  buttresses  (Skutch 
1960).  Male  uniparental  care  is  thought  Jo  be 
universal  in  the  Tinamidae  (Handford  and  Mares 
1985),  but  confirmation  of  gender  of  the  incubat¬ 
ing  bird  has  not  .been  made  in  the  sexually 
monomorphic  Great  Tinamou,  or  in  most  tinamou 
species. 

The  goals  of  this  study  were  to:  (1)  confirm  the 
gender  of  incubating  Great  Tinamou,  and  (2) 
describe  nest  attendance  and  incubation  behavior. 

METHODS 

Field  Procedures. — I  conducted  the  study  at  La 
Selva  Biological  Station  (Organization  for  Trop¬ 
ical  Studies)  (10°  26'  N,  83°  59  W)  in  Costa  Rica 
between  February  and  May  2000-2002.  I  located 
nests  by  conducting  daily  searches  of  all  buttress¬ 
es  of  accessible  trees  in  five  plots  (50,  45,  80,  80, 
and  70  ha)  covering  —325  ha  with  the  help  of  2-3 
field  assistants.  Each  week  one  of  three  additional 
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plots  (—25  ha  each)  outside  the  study  area  was 
also  searched  for  nests. 

Gender  Identification  of  Incubating  Birds. — I 
extracted  DNA  from  the  feathers  of  13  incubating 
birds  using  a  Qiagen  Kit™  (Qiagen  Laboratories, 
Valencia,  CA,  USA)  and  sent  the  samples  to 
Avian  Biotech  (Tallahassee,  FL,  USA)  for  gender 
identification  with  a  tinamou  specific  probe  (De 
Kloet  2002). 

Nest  Attendance  and  Incubation  Behavior. — All 
clutches  were  checked  at  least  once  each  day 
(0600-0900,  1645-1800  hrs  CDT)  during  incu¬ 
bation  («  =  38  nests,  249  visits);  those  closest  to 
paths  were  occasionally  visually  checked  at  night 
( n  =  12  nests,  39  visits).  I  noted  the  presence  of 
the  incubating  bird  and  checked  for  predation  at 
each  visit.  Thirteen  nests  were  monitored  during 
the  day  with  either  an  interval  recording  video 
camera  (5  sec/min  during  daylight,  Panasonic  PV- 
L601),  or  with  a  motion-activated  video  camera 
(home-modified  Sony);  five  nests  were  monitored 
with  a  motion-activated  photographic  camera 
(Wildlife  Pro,  Forestry  Suppliers  Inc,  Jackson, 
MS,  USA).  Cameras  were  placed  at  least  2  m 
from  nests.  All  video  cameras  were  tested  daily 
for  proper  operation,  but  did  not  work  during 
heavy  rain  and  were  brought  into  the  laboratory 
for  drying.  I  video  monitored  nests  intermittently 
between  0600  and  1800  hrs,  and  measured  the 
intervals  of  time  when  birds  were  absent  from 
video  recordings  made  during  the  day  in  2001  and 
2002.  Video  recording  data  were  used  to  measure 
time  intervals  birds  were  absent  from  their  nest 
and  to  detect  egg  turning  behavior.  The  motion 
activated  photographic  camera  was  placed  at  nests 
for  1  to  7  days.  I  report  the  time  birds  were  off  the 
nest  (3  nests)  when  the  camera  date  mode  was  on 
day  of  the  month  and  time  (day,  0000  hrs),  but 
only  report  if  birds  left  the  nest  when  the  camera 
was  set  on  date  (month/day/year)  (2  nests). 

Timing  of  incubation  was  calculated  using  the 
hatching  date  of  laboratory-incubated  eggs  col¬ 
lected  from  nests,  and  this  date  was  used  to  divide 
monitored  nests  into  three  groups:  early  incuba¬ 
tion  (1-5  days),  mid-incubation  (6-11  days),  and 
late  incubation  (12-17  days).  Some  nests  were 
assigned  to  more  than  one  category  depending  on 
how  long  they  were  monitored. 

The  behavior  of  incubating  birds  was  observed 
during  and  after  nest  manipulations  to  collect 
DNA  from  clutches,  during  which  all  eggs  in  the 
clutch  were  exchanged  for  model  eggs  (Brennan 
2004).  Birds  were  only  disturbed  twice:  once  to 


exchange  the  eggs  and  again  to  return  chicks  upon 
hatching.  Birds  left  the  nest  when  disturbed,  but 
the  time  they  were  off  the  nest  before  returning 
was  not  considered  a  normal  incubation  recess 
and  was  not  included  in  analysis  of  nest 
attendance. 

RESULTS 

Gender  of  Incubating  Birds. — Incubating  birds 
were  males  based  on  DNA  analysis  (n  =  7).  DNA 
from  6  birds  could  not  be  successfully  amplified. 

Clutch  Attendance. — Clutches  were  difficult  to 
find  and  required  —100  hrs  of  search  time  per 
clutch.  Birds  were  present  when  clutches  were 
checked  during  incubation  (n  =  249  visits,  38 
clutches).  Clutches  were  found  and  checked  at  all 
stages  of  incubation  (early  =  29  clutches,  middle 
=  22,  late  =  14),  and  birds  were  incubating.  They 
did  not  leave  at  night  at  clutches  that  were 
monitored  using  a  motion-activated  picture  cam¬ 
era  (»  =  5).  Video  cameras  did  not  record  at  night, 
but  birds  were  incubating  at  night  when  I  checked 
nests  ( n  =  12  clutches,  39  visits). 

Video  monitoring  of  an  entire  incubation  event 
was  not  possible.  Nests  were  found  at  different 
stages  during  laying  and  incubation,  and  some 
were  predated  (n  =  3)  or  abandoned  (»  =  3) 
before  hatching.  I  video  recorded  13  clutches  for 
16,418  min  in  the  day  during  incubation  (range  = 
240-6,011  min).  Only  three  birds  left  the  nest 
during  the  time  clutches  were  video  recorded. 
Bird  #101  was  monitored  for  2,270  min  over  9 
days  and  was  recorded  off  the  nest  twice  in  two 
different  days  (1710-1728  hrs  and  101 0— 
1042  hrs).  Bird  #1301  was  monitored  for 
532  min  and  was  off  the  nest  once  (1000- 
1145  hrs).  Bird  #1802  was  monitored  for 
6,011  min  and  only  left  the  nest  once  voluntarily 
(1345-1411  hrs)  (Fig.  1). 

Two  incubating  birds  took  incubation  recesses 
at  five  clutches  monitored  during  incubation  with 
the  motion  activated  photographic  camera.  Bird 
#1401,  monitored  at  the  onset  of  incubation,  left 
the  nest  four  times  in  7  days  for  a  total  of  76  min 
(26  Apr:  1732-1749  hrs;  27  Apr:  1150-1153  and 
1616-1641  hrs;  30  Apr:  0742-0813  hrs).  Bird 
#1002  took  one  incubation  recess  of  unknown 
length  on  27  Feb.  Bird  #s  500,  1501,  and  1702 
took  no  recesses  during  the  time  they  were 
monitored  (11  days).  Overall,  clutches  were 
monitored  with  the  photographic  camera  for 
17,864  min  during  21  days  and  birds  were 
recorded  off  the  nest  for  at  least  76  min. 
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FIG.  1.  Incubation  pattern  of  Great  Tinamou  #18  between  5  and  17  April  2002.  The  nest  was  not  monitored  during 
heavy  rain.  The  bird  was  off  the  nest  twice  (black  bars),  but  on  1 1  April  was  flushed  from  the  nest. 


No  obvious  pattern  emerges  from  these  observa¬ 
tions,  as  birds  left  clutches  in  the  middle  of  the  day 
and  during  late  afternoon  for  variable  lengths  of  time 
(18,  32,  105,  and  26  min  during  video  recordings 
and  17,  3,  25,  and  31  min  during  photographic 
monitoring).  Overall,  these  18  birds  (13  video  and  5 
photographic  monitoring)  left  clutches  for  257  min 
(all  birds  combined)  of  34,282  min  or  <1%  of  the 
monitored  time.  Video  monitoring  began  after  0600 
and  ended  before  1800  hrs  on  most  days,  and  it  is 
possible  that  earlier  or  later  breaks  were  missed  at 
these  nests.  However,  data  from  the  photographic 
camera  suggests  that  birds  do  not  take  pre-dawn  or 
post-dusk  breaks. 

There  was  no  relationship  between  the  time 
incubating  birds  were  monitored  and  time  they 
spent  off  the  nest  (r  =  0.06,  P  =  0.34,  n  =  16). 
This  suggests  that  longer  monitoring  time  would 
not  have  resulted  in  higher  detection  of  incubation 
breaks,  particularly  since  birds  were  off  the  eggs 
at  differenl  times  during  the  day. 

Incubation  Behavior. — Incubation  lasted  17 
days  and  began  once  the  clutch  was  completed 
(n  =  15  of  17  clutches);  5-9  days  after  the  first 
egg  was  laid.  Birds  sat  on  the  eggs  facing  the 
inside  of  the  buttress  or  trunk.  They  remained 
immobile  for  most  of  the  day  with  occasional 
breaks  to  preen,  peck  at  nearby  insects,  and 
presumably  rotate  the  eggs.  I  could  not  measure 
the  rate  of  egg  turning  from  the  time-lapse  video 
since  Great  Tinamou  do  not  stand  up  to  rotate 
their  eggs  and  no  behaviors  that  could  indicate 
egg  rotation  were  observed.  They  returned  to 
check  the  clutch  when  predation  occurred  and,  in 
one  occasion,  a  bird  was  recorded  eating  the  egg 
remains. 


Birds  were  reluctant  to  leave  the  nest.  I  was 
able  to  approach  32  clutches  and  directly  pluck 
feathers  from  the  bird.’s  rump  by  hand  (or  using  a 
feather  puller).  They  would  lift  their  back 
feathers,  peck  at  my'hand,  and  I  would  pluck  3- 
4  feathers  from  their  back.  Six  birds  left  before  I 
approached  them  sufficiently  close  to  pluck 
feathers.  Most  birds  (n  =  29/32)  flushed  from 
the  nest  after  I  pulled  feathers. 

Birds  in  the  later  stage  of  incubation  (n  =  10) 
would  move  hardly  at  all  and  initially  did  not 
react  by  raising  their  tail  feathers  and  trying  to 
peck  my  hand.  One  bird  on  incubation  day  16  had 
to  be  lifted  by  hand  from  the  eggs  because  it 
would  not  flush.  Birds  did  not  leave  at  two 
clutches  manipulated  when  hatching  had  already 
begun  (day  1 7),  and  I  was  able  to  remove  the  eggs 
from  under  the  bird  and  place  model  eggs  in  their 
place.  Birds  rarely  flew  during  later  stages  of 
incubation,  but  rather  scampered  away  when 
removed  from  the  clutch,  running  erratically. 
Birds  flushed  a  second  time  on  day  17  of 
incubation  ( n  =  9)  returned  to  the  clutch,  and 
brooded  the  chicks  I  brought  from  the  laboratory. 
Once  I  did  not  flush  the  bird  to  replace  the  chicks, 
but  placed  the  chicks  close  to  it  without  removing 
the  model  eggs  and  they  were  also  brooded.  Three 
incubating  birds  were  predated:  two  during  late 
incubation  by  ocelots  ( Felis  pardalis )  (identified 
by  tracks),  and  one  at  an  unknown  incubation 
stage  by  an  unidentified  predator. 

DISCUSSION 

It  seems  likely  from  the  DNA  analysis  that  all 
incubating  birds  were  males  as  suggested  for 
tinamou  (Hartford  and  Mares  1984).  It  is  possible 
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that  females  may  share  in  incubation  similar  to 
Common  Ostrich  ( Struthio  camelus )  (Bertram 
1992).  I  collected  all  feather  samples  of  incubat¬ 
ing  birds  during  the  day,  and  would  not  have 
detected  nocturnal  female  incubation.  However, 
female  incubation  is  unlikely;  there  was  no 
evidence  of  a  permanent  pair  bond  observed 
during  my  behavioral  studies  of  this  species  and 
females  appeared  to  move  freely  from  male  to 
male  (Brennan  2005).  Video  and  photographic 
monitoring  of  clutches  also  did  not  provide  any 
evidence  of  birds  changing  incubation  duty. 

Incubating  Great  Tinamou  rarely  left  the  clutch 
during  monitoring  and  nest  attendance  was  high, 
similar  to  other  species  with  high  levels  of  male 
care  (Deeming  2002a).  It  is  possible  that  I  missed 
incubation  recesses  due  to  equipment  failure. 
However,  I  used  a  combination  of  techniques  to 
monitor  nests  and  it  is  unlikely  that  I  missed  a 
major  pattern.  Photographic  monitoring  revealed 
only  few  and  short  recesses.  Daily  clutch  checks 
in  the  morning,  afternoon,  and  occasionally  at 
night  revealed  birds  were  incubating.  Intermittent 
video  monitoring  also  indicated  that  tinamou  take 
infrequent  and  generally  short  recesses.  Constant 
video  monitoring  was  not  possible  in  the  tropical 
forest  and  rainy  weather  caused  recurrent  equip¬ 
ment  failure.  Video  and  photographic  monitoring, 
despite  these  shortcomings,  allowed  me  to 
document  that  birds  generally  remained  at  the 
nest  during  the  day,  and  that  incubation  breaks  are 
of  variable  length  at  any  time  of  day.  Lack  of 
correlation  between  number  of  hours  a  bird  was 
monitored  and  time  it  was  absent  suggests  that 
more  monitoring  would  not  have  revealed  that 
birds  spend  more  time  off  clutches.  Nest  visits  and 
video  monitoring  encompassed  mostly  daylight 
hours,  and  birds  may  have  taken  pre-dawn  or  post¬ 
dusk  breaks  that  were  not  recorded.  However,  no 
breaks  were  recorded  with  the  photographic 
camera  and  observations  of  other  tinamou  suggest 
that  incubation  breaks  occur  exclusively  during 
the  daylight  hours  (Pearson  and  Pearson  1955, 
Lancaster  1964a,  b;  Schelsky  2003).  Bartlett’s 
Tinamou  males  spend  the  night  incubating,  and 
most  males  begin  their  nest  recesses  at  0600  hrs 
(Schelsky  2003).  Great  Tinamou  and  Bartlett’s 
Tinamou  occur  in  similar  tropical  forest  habitats, 
where  predation  pressure  from  nocturnal  predators 
would  likely  make  night-time  recesses  dangerous. 
Temperature  probes  with  data  loggers  at  clutch 
sites  would  be  needed  to  record  the  complete 
incubation  pattern  of  Great  Tinamou. 


High  incubation  constancy  by  Great  Tinamou 
could  have  several  functions.  First,  it  could 
expedite  embryo  development  and  shorten  incu¬ 
bation  length  (Hainsworth  and  Voss  2002,  Tiele- 
man  et  al.  2004,  Martin  et  al.  2007),  which  could 
result  in  reduced  predation  risk  due  to  fewer 
exposure  days  for  the  eggs  (Zicus  and  Hennes 
1995).  Clutch  predation  in  Great  Tinamou  is 
higher  during  the  incubation  stage  (Mayfield  daily 
predation  risk  =  0.10  during  incubation,  vs.  0.037 
during  laying)  (Brennan  2005),  and  the  impact  of 
this  strategy  is  likely  to  be  significant.  High  nest 
'attendance  may  also  reduce  overall  parental 
activity  around  the  nest,  which  may  serve  an 
important  protective  function  if  it  lowers  the 
probability  of  clutch  detection  by  predators 
(Martin  et  al.  2000). 

High  nest  attentiveness  could  be  an  adaptation 
to  provide  cover  for  the  conspicuously  colored 
eggs  (turquoise  blue  on  a  brown  background), 
reducing  egg  detection  by  visual  predators 
(Westmoreland  and  Best  1986).  Tinamou  lay 
bright  and  colorful  eggs  while  the  male  plumage 
is  well  camouflaged  (Cabot  1992,  Davies  2002). 
Some  tinamou  cover  eggs  with  leaves  when  the 
male  leaves  the  eggs  (Weeks  1973,  Sick  1993), 
but  Great  Tinamou  were  not  observed  to  cover 
their  eggs.  Clutch  predation  of  Great  Tinamou 
occurs  primarily  at  night  and/or  when  the  clutch  is 
being  incubated  rather  than  when  eggs  are 
exposed  (PLRB,  unpubl.  data).  Hiding  the  eggs 
from  visual  predators  is  unlikely  to  be  the  main 
selective  force  behind  high  nest  attentiveness  in 
this  species. 

High  nest  attendance  may  be  needed  to 
maintain  a  proper  thermal  environment  for 
embryo  development  (Deeming  2002a).  The 
warm  tropical  weather  where  Great  Tinamou 
breed  is  unlikely  to  create  strong  selection  to 
prevent  eggs  from  being  chilled,  while  the  shady 
understory  would  help  prevent  eggs  from  getting 
too  warm. 

Many  birds  provide  effective  parental  defense 
of  their  nests  (Martin  1993),  and  some  tinamou 
perform  distraction  display  away  from  the  nest 
(Weeks  1973).  Great  Tinamou  appear  to  rely  on 
their  camouflaged  plumage  to  defend  their 
clutches  while  incubating  but  will  threaten  by 
raising  their  feathers  and  pecking  if  approached. 
Great  Tinamou  also  provide  active  defense  of 
their  chicks  after  hatching.  Similar  protective 
behaviors  have  been  described  in  other  tinamou 
(Weeks  1973,  Cabot  1992). 
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Great  Tinamou  incubation  behavior  is  similar 
to  that  described  for  some  Galliformes.  White¬ 
tailed  Ptarmigan  ( Lagopus  leucura)  and  Dusky/ 
Sooty  Grouse  ( Dendragapus  spp.)  females  are 
reluctant  to  leave  their  eggs,  can  be  touched  while 
incubating  in  the  latter  stages,  and  have  high 
levels  of  nest  attendance  (Giesen  and  Braun  1979, 
Zwickel  and  Bendell  2005).  These  similarities 
may  be  explained  as  the  result  of  uniparental 
incubation  by  large  ground  nesting  birds  that  need 
to  protect  their  clutches  from  predators. 

Contrary  to  Slaty-breasted  Tinamou,  Great 
Tinamou  were  not  observed  to  stand  up  and  use 
their  bill  to  rotate  their  eggs.  It  is  possible  they  use 
their  feet  to  rotate  the  eggs  while  sitting  and  this 
behavior  is  cryptic,  and/or  that  they  do  not  need  to 
turn  their  eggs  as  often  as  other  birds  (Deeming 
2002b). 
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EGG  LAYING,  EGG  TEMPERATURE,  ATTENTIVENESS,  AND 
INCUBATION  IN  THE  WESTERN  BLUEBIRD 

JENNIFER  M.  WANG1  AND  WESLEY  W.  WEATHERS2’3 


ABSTRACT. — We  present  the  first  detailed  information  on  egg  laying,  egg  temperature  (Tegg),  and  development  of 
attentiveness  and  incubation  in  Western  Bluebirds  ( Sialia  mexicana).  We  used  miniature  infrared  CCD  video  cameras  to 
record  egg  laying  at  three  nest  boxes  and  validate  attentiveness  measurements  derived  from  Tegg  in  seven  other  nests. 
Females  entered  the  nest  box  on  egg-laying  days  between  0522  and  1037  hrs  PST  and  laid  an  egg  on  average  11.4  ± 
4.3  min  later  (n  =  11).  Warm  weather  early  in  egg  laying  often  elevated  Tegg  above  physiological  zero  (27°  C),  despite 
low  parental  attendance.  Females  often  began  roosting  in  the  nest  box  2-3  nights  before  clutch  completion,  and  most 
birds  began  steady  night-time  incubation  with  the  penultimate  egg.  Attentiveness,  mean  Tegg,  and  number  of  minutes  Tegg 
exceeded  27°  C  reached  their  highest  values  1  day  or  night  after  clutch  completion.  Western  Bluebirds  exhibit  gradual 
onset  to  incubation  that  is  attributable  to  vagaries  of  weather  and  varying  patterns  of  parental  attentiveness.  Received  8 
September  2008.  Accepted  10  February  2009. 


Timing  and  duration  of  egg-laying  bouts  have 
been  mostly  studied  in  open-cup  or  ground¬ 
nesting  species  that  are  amenable  to  direct 
observation  (Wiebe  and  Martin  1995,  Oppenhei- 
mer  et  al.  1996,  McMaster  et  al.  1999).  Egg- 
laying  times  are  commonly  estimated  by  visiting  a 
nest  before  and  after  a  new  egg  appears,  and 
deducing  when  during  that  interval  the  egg  was 
laid  (Weatherhead  et  al.  1991,  Oppenheimer  et  al. 
1996,  McMaster  et  al.  2004).  Indirect  methods 
also  have  been  used  in  incubation  studies  with 
nest  attendance  (presence  at  the  nest)  often 
implicitly  equated  with  parental  incubation,  and 
attentiveness  often  equated  with  incubation  atten¬ 
tiveness.  Observations  of  nocturnal  behavior 
during  the  laying  period  are  rarely  able  to  separate 
incubation  sensu  stricto  from  nest  attendance 
without  egg  incubation  (Haftorn  1978,  1979, 
1981).  Morton  and  Pereyra  (1985)  recommended 
distinguishing  attentiveness  from  incubation 
based  on  measured  egg  temperature.  Egg  temper¬ 
ature  may,  however,  be  raised  well  beyond  the 
threshold  of  embryonic  development  in  the 
absence  of  parental  attendance  during  periods  of 
high  ambient  temperature  or  under  direct  solar 
radiation  (Grant  1982,  Zerba  and  Morton  1983, 
Ward  1990),  which  potentially  compromises  the 
usefulness  of  egg  temperature. 
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Distinguishing  nest  attendance  from  active 
incubation  and  parental  incubation  from  periods 
of  passive  incubation  due  to  high  ambient  temper¬ 
ature  is  possible  with  continuous  in-nest-box 
video-recording  and  simultaneous  egg  temperature 
measurements.  We  used  this  approach  to  docu¬ 
ment:  (1)  exact  laying  times  and  laying-bout 
durations,  (2)  patterns  of  nest  attendance,  and  (3) 
development  of  incubation  during  the  laying  period 
for  Western  Bluebirds  ( Sialia  mexicana ),  which  are 
socially  monogamous,  single-gender  intermittent 
incubators  that  produce  up  to  two  successful 
clutches  per  season  (Guinan  et  al.  2000). 

METHODS 

Study  Sites. — Our  study  sites  were  the  Hopland 
Research  and  Extension  Center  in  Mendocino 
County,  California  (39°  00'  N,  123°  04'  W)  in 
2004  and  Gates  Canyon,  Solano  County,  Califor¬ 
nia  (38°  22'  N,  122°  02'  W)  from  2003  to  2007. 
Both  sites  consist  of  pasture  land  and  mixed  oak 
woodland  (mainly  Quercus  douglasii  and  Q. 
lobata)  with  elevations  ranging  from  150  to 
915  m  at  Hopland  and  213  to  609  m  at  Gates 
Canyon.  We  distributed  >100  top--  or  front¬ 
opening  wood  nest-  boxes  affixed  to  wood  or 
metal  fence  posts,  metal  poles,  or  trees  at  both 
sites.  Nest-box  entry  holes  were  3.8  cm  in 
diameter,  and  entrance  heights  ranged  from 
—  1.2  to  2.0  m  above  ground.  Individual  boxes 
were  1  to  10  years  old  when  the  study  began. 

Egg  Temperature. — We  recorded  egg  tempera¬ 
ture  (Tegg)  from  the  egg-laying  period  to  after 
clutch  completion  in  seven  bluebird  nests  during 
the  2003  and  2004  breeding  seasons.  Measure¬ 
ments  started  with  the  first  (n  =  1),  second  (n  = 
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1),  third  (n  =  4),  or  fifth  (n  =  1)  egg  laid  and 
typically  ended  after  the  clutch  hatched.  One  egg 
for  each  monitored  clutch  (usually  from  an 
unmonitored  clutch)  was  sacrificed  by  inserting 
a  40-gauge  copper-constantan  thermocouple 
(Omega  Engineering  Inc.,  Stamford,  CT,  USA) 
into  its  center  and  spot-gluing  it  in  place  with  5- 
min  epoxy.  The  thermocouple  leads  were  threaded 
through  the  bottom  of  the  nest  cup  and  connected 
to  either  a  Campbell  Scientific  CR21X  data  logger 
(Campbell  Scientific  Inc.,  Logan,  UT,  USA)  or  a 
Veriteq  Spectrum  SP-1700  N  data  logger  (Veriteq 
Instruments  Inc.,  Richmond,  BC,  Canada).  The 
original  clutch  size  was  maintained  by  removing 
one  egg  from  each  clutch  to  which  an  egg  with  a 
thermocouple  was  added. 

We  measured  shade  air  temperature  (Ta)  beneath 
nest  boxes  with  20-gauge  Cu-Cn  thermocouples 
connected  to  data  loggers.  The  CR21X  data  loggers 
measured  temperatures  every  1  or  6  sec  and 
averaged  temperatures  at  60-sec  intervals.  The 
Spectrum  SP-1700  N  data  loggers  sampled  tem¬ 
peratures  at  1-min  intervals.  Measured  tempera¬ 
tures  were  accurate  to  0.3°  C  for  CR21X  data 
loggers  (Campbell  Scientific  1984)  and  to  0.4°  C 
for  Spectrum  SP-1700  N  data  loggers. 

Video  Observation. — We  monitored  the  behav¬ 
ior  of  incubating  birds  during  the  2005-2007 
breeding  seasons  by  fitting  the  underside  of  nest- 
box  lids  with  a  miniature  infrared  CCD  video 
camera  and  miniature  microphone  (SuperCircuits 
Inc.,  Austin,  TX,  USA).  Nest  boxes  used  the 
previous  year  were  fitted  with  dummy  cameras 
well  before  the  breeding  season  to  minimize 
disturbance  associated  with  installing  video 
equipment.  We  exchanged  dummy  cameras  for 
real  cameras  after  the  first  egg  was  laid.  Swapping 
nest-box  lids  did  not  seem  to  affect  the  birds’ 
behavior  as  no  nests  were  deserted.  We  recorded 
the  audio  and  video  signals  continuously  with  a 
PVR-330  digital  video  recorder  (Bolide  Technol¬ 
ogy  Group,  San  Dimas,  CA,  USA)  after  passing 
the  video  signal  through  a  SuperCircuits  time/date 
stamp;  video  records  were  analyzed  using  Vir- 
tualDub  open-source  video  software. 

Deducing  Behavior  From  Egg  Temperature. — 
WWW  monitored  bluebird  incubation  behavior 
simultaneously  with  nest-box  video  cameras  and 
egg  thermocouples  in  2005-2007.  Twenty-eight 
days  of  simultaneous  video,  Tegg,  and  Ta  mea¬ 
surements  at  four  nests  demonstrated  that  atten¬ 
tiveness  and  incubation  could  reliably  be  deduced 
from  changes  in  Tegg,  provided  Ta  was  —2°  C 


below  Tegg  during  incubation  bouts.  Little  or  no 
change  in  Tegg  occurred  as  a  consequence  of  the 
bird’s  behavior  if  shade  Ta  was  close  to  or  equal  to 
T.„„.  A  second  measure  of  incubation,  the  number 
of  minutes  Tegg  exceeded  27°  C,  was  used  to 
indicate  the  total  time  eggs  were  above  develop¬ 
mental  zero,  regardless  of  whether  the  elevated 
Tegg  was  due  to  active  or  passive  sources.  The 
threshold  of  avian  embryonic  development  is 
widely  regarded  to  be  24-27°  C  (Webb  1987). 

Data  Analysis. — We  adopted  fixed  time  periods 
for  day  and  night.  The  daytime  interval,  0400- 
1959  hrs  PST,  was  960  min  in  length  and  began, 
depending  upon  calendar  date,  an  average  of 
24  min  before  the  start  of  morning  civil  twilight 
(range  =  13^45  min).  The  night-time  interval, 
2000-0359  hrs  PST,  was  480  min  in  length  and 
began  on  average  5  min  before  the  end  of  evening 
civil  twilight  (range  =  —26  to  13  min).  Our 
daytime  interval  averaged  19  min  longer  than  the 
period  between  morning  and  evening  civil  twi¬ 
light.  We  chose  this  interval  so  the  daytime  period 
would  include  all  off-  and  on-bouts  during  the 
active  day.  Thirty-seven  percent  of  first  off-bouts 
(35  of  95)  occurred  before  sunrise  (mean  = 
24  min,  range  =  1-67  min);  timing  of  the  last  on- 
bout  of  the  day  was  quite  variable  (range  = 
140  min  before  to  52  min  after  sunset). 

We  numbered  days  and  nights  relative  to  the 
day  each  clutch  was  completed  to  accommodate 
variation  in  clutch  size.  The  final  egg  was  laid  on 
day  0,  —  1  denotes  the  day  before  clutch 
completion,  and  1  denotes  the  day  after  clutch 
completion.  We  distinguished  between  attentive¬ 
ness,  in  which  an  adult  was  in  the  nest  box  for  any 
reason,  and  incubation,  in  which  an  adult  raised 
Tegg  above  physiological  zero,  27°  C. 

We  accommodated  repeated  measures  with 
unbalanced  sample  sizes  in  our  data  using  mixed 
models  in  SAS  9.1.3  PROC  MIXED  (Littell  et  al. 
2006).  All  models  included  the  number  of  days 
relative  to  laying  completion  as  a  repeated  factor 
within  the  random  effect  of  nest.  Means  and 
standard  errors  were  estimated  using  intercept- 
only  models.  We  tested  the  significance  of  fixed 
effects  in  models  with  random  effects  as  struc¬ 
tured  above.  Descriptive  statistics  and  compari¬ 
sons  not  involving  repeated  measures  used 
parametric  analyses. 

RESULTS 

Egg  Laying. — Females  that  entered  the  nest  box 
to  lay  an  egg  appeared  to  incubate  eggs  already  in 
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the  nest  causing  Tegg  to  increase  abruptly  (Fig.  1). 
We  used  the  increase  in  Tegg  to  calculate  the 
duration  of  laying  bouts  in  nests  without  video 
cameras.  Females  ( n  =  6)  entered  the  nest  box  on 
egg-laying  days  between  0522  and  1037  hrs  PST, 
laid  an  egg  on  average  11.3  ±  1.3  min  later 
(random-effect  model  intercept  ±  SE:  n  =  3 
females,  11  eggs),  and  spent  on  average  35.7  ± 
4.2  min  (random-effect  model  intercept  ±  SE:  n 
=  6  females,  1 8  eggs)  in  the  nest  box  during  egg- 
laying  (Table  1).  Laying  bouts  began  113  ± 
36  min  (SE)  earlier  in  the  day,  relative  to  sunrise, 
in  2003-2004  than  in  2007  (type  3  test:  n  =  18,  df 
=  4,  F  =  10.02,  P  =  0.034).  Laying  bouts  in 
2003-2004  began  98  ±  28  min  after  sunrise 
versus  211  ±22  min  after  sunrise  in  2007  (least- 
squares  means  ±  SE)  (Table  1). 

The  average  time  of  egg  laying  was  222  ± 
27  min  after  sunrise  (random-effect  model  inter¬ 
cept  ±  SE:  n  =  3  nests,  1 1  eggs).  Subsequent 
eggs  within  clutches  were  not  laid  significantly 
later  than  the  egg  directly  preceding  them,  relative 
to  sunrise  (random-effect  model  intercept  ±  SE: 
36.0  ±  20.7  min,  df  =  2,  t  =  1.74,  P  =  0.225;  n 
=  3  nests,  6  eggs).  First-brood  clutch  sizes  at  the 
Mendocino  County  field  site  averaged  5.1  ±  0.82 
SD  (range  =  2-7;  n  =  175)  from  2003  to  2007 
(JMW,  unpubl.  data).  Clutch  sizes  in  our  study 
sample  were  four  to  six  eggs. 

Tegg  During  High  Ambient  Temperatures. — We 
recorded  Tegg  in  one  nest  from  the  first  egg  laid 
until  the  clutch  hatched,  18  days  later.  Tegg 
increased  abruptly  at  0649  hrs  PST  on  the  second 
day,  when  the  female  entered  the  nest  box  to  lay, 
and  decreased  abruptly  when  she  left  the  box 
15  min  later  (Fig.  1A).  The  female  did  not  return 
to  the  nest  after  laying  that  day,  but  Tegg  reached  a 
maximum  of  40.2°  C  when  shade  Ta  beneath  the 
nest  box  reached  40.1°  C  at  1420  hrs  PST 
(Fig.  1A).  Tegg  averaged  31.5°  C  and  exceeded 
27°  C  for  709  min  on  that  day.  Tegg  again  spiked 
in  the  morning  on  the  third  and  fourth  days  as  the 
female  entered  the  nest  to  lay,  and  decreased 
when  she  left  the  nest  (Fig.  IB,  C).  High  daytime 
Ta  elevated  Tegg  above  27°  C  for  over  540  min  on 
day  3.  All  viable  eggs  in  this  nest  hatched. 

Daytime  Attentiveness  and  Incubation. — Mean 
daytime  Tegg  and  the  number  of  minutes  that  Tegg 
exceeded  27°  C  appeared  to  increase  across  the 
egg-laying  period  for  the  six  nests  with  multiple 
days  of  data  (Fig.  2).  These  patterns  were 
confounded  by  high  Ta  at  nest  #  1 1  and  were 
not  significant  (n  =  12  eggs,  6  nests;  type  3  tests: 


mean  Tegg,  df  =  5,  F  =  2.20,  P  =  0.198;  Tegg  > 
27°  C,  df  =  5,  F  =  2.61,  P  =  0.167).  All  six  nests 
reached  maximum  values  of  mean  Tegg  and  minutes 
Tegg  >  21°  C  on  the  day  after  clutch  completion. 

The  amount  of  time  that  Tegg  exceeded  27°  C 
(incubation  time)  was  significantly  correlated 
with  daytime  attentiveness  and  mean  Ta  in  the 
sample  of  nests  with  full-day  records,  and  where 
Ta  was  not  too  high  to  estimate  attentiveness  using 
Tegg  (type  3  tests:  n  =  12  eggs,  6  nests;  df  =  4,  F 
=  69.37,  P  =  0.001;  and  df  =  4,  F  =  66.27,  P  = 
0.001 ;  respectively).  Incubation  time  increased  for 
each  additional  minute  of  attentiveness  by  0.68  ± 
0.1  min  SE  (df  =  4,  t  =  8.33,  P  =  0.001),  when 
controlling  for  Ta.  Every  degree  of  increase  in 
mean  Ta  increased  incubation  time  by  42  ± 
5.2  min  SE  (df  =  4,  t  =  8.14,  P  =  0.001),  when 
controlling  for  attentiveness.  This  relationship 
was  found  for  an  ambient  mean  temperature 
range  of  22.3-32.7°  C. 

Night-time  Attentiveness  and  Incubation. — 
Western  Bluebirds  commonly  began  night-time 
attentiveness  during  the  laying  period.  Videos  of 
females  roosting  early  in  the  laying  period 
revealed  the  eggs  were  not  in  contact  with  the 
brood  patch  at  night.  Females  often  appeared  to  be 
standing  above  the  eggs,  and  eggs  were  at  times 
visible  beneath  them.  One  of  three  females 
videotaped  starting  with  the  day  of  clutch 
initiation  roosted  in  the  nest  box  the  night  after 
laying  her  first  egg,  another  began  roosting  with 
the  pre-penultimate  egg  (third  of  5),  and  another 
started  with  the  penultimate  egg  (fifth  of  6). 

Lower  Ta  at  night  made  Tegg  a  reliable  indicator 
of  female  attentiveness  versus  incubation.  Five  of 
seven  bluebirds  roosted  in  the  nest  box  on  the  pre¬ 
penultimate  night  (i.e.,  night  —2).  Lack  of 
intimate  physical  contact  with  the  eggs  resulted 
in  egg  temperatures  that  exceeded  Ta  but  were 
lower  than  those  typical  of  steady  incubation  for 
three  of  these  nests  (Fig.  3A). 

Night-time  mean  Tegg  and  amount  of  time  that 
Tegg  exceeded  21°  C  (incubation  time)  signifi¬ 
cantly  increased  during  the  laying  period  (type  3 
tests:  n  =  22  eggs,  7  nests;  df  =  14,  F  —  11.18,  P 
=  0.005;  and  df  =14 \  F  =  15.24,  P  =  0.002; 
respectively),  but  night-time  attentiveness  did  not 
(type  3  test:  n  =  22  eggs,  7  nests;  df  =  14,  F  = 
3.18,  P  =  0.096).  The  amount  of  time  that  Tegg 
exceeded  21°  C  on  nights  with  100%  attentive¬ 
ness  (480  min)  ranged  from  41  to  480  min  and 
averaged  354  ±  43  min  (random-effect  model 
intercept  ±  SE:  n  =  6  nests,  16  nights). 
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FIG.  1.  Relation  of  egg  temperature  (solid  line)  and  shade  air  temperature  (broken  line)  to  time  of  day  during  egg 
laying  and  following  clutch  completion  for  nest  #11.  Mean  daytime  egg  temperature  (Tegg)  is  indicated  in  the  upper  left  for 
each  day. 
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TABLE  1.  Time  egg-laying  bouts  began,  their  duration,  and  minutes  until  eggs  were  laid. 


Nest  # 

n 

Time  since  sunrise  (min) 

Bout  duration  (min) 

Min  until  egg  laid 

98“ 

3 

308  (272-349) 

53  (21-79) 

12  (9-18) 

102“ 

3 

212  (179-274) 

42  (25-69) 

10  (8-11) 

67“ 

5 

152  (84-278) 

31  (23M5) 

11  (8-21) 

llb 

3 

123  (212-126) 

25  (15-31) 

23° 

3 

69  (36-130) 

28  (15-34) 

224c 

1 

108 

45 

3  Denotes  2007  nests. 

b  2003  nests. 

c  2004  nests.  Values  are  mean  (range),  n  =  number  of  eggs  laid. 

Information  on  both  onset  of  night-time  atten¬ 
tiveness  and  incubation  for  the  five  nests  from 
2003-2004  revealed  two  bluebirds  started  atten¬ 
tiveness  on  the  same  night  as  incubation,  two 
began  attentiveness  at  least  one  night  before 
incubation,  and  one  commenced  attentiveness  at 
least  two  nights  before  incubation.  Four  of  the 
birds  engaged  in  steady  night-time  incubation  on 
the  penultimate  night  and  two  began  incubation 
one  night  earlier,  as  illustrated  by  an  abrupt 
increase  in  mean  night-time  Tegg  and  in  number  of 
minutes  Tegg  exceeded  27°  C  (Fig.  3).  Two  birds 
skipped  a  night  of  incubation  after  commencing 
steady  night-time  incubation  (Fig.  3). 

DISCUSSION 

Regular  incubation  patterns  in  passerines  com¬ 
monly  develop  gradually  during  the  laying  period 
(Haftom  1978,  1979,  1981;  Zerba  and  Morton 
1983;  Morton  and  Pereyra  1985;  Anderson  1997). 
Western  Bluebirds  had  a  gradual  increase  in 
daytime  incubation  during  egg  laying  that  reached 
a  maximum  the  day  after  clutch  completion 
(Fig.  2).  Incubation  bouts  occurring  before  estab¬ 
lishment  of  a  steady  incubation  rhythm  are  present 
in  most  species  that  have  been  continuously 
monitored  during  egg  laying  (Norton  1972, 
Holcomb  1974,  Ashkenazie  and  Safriel  1979, 
Afton  1980,  Zerba  and  Morton  1983,  Morton  and 
Pereyra  1985,  Bortolotti  and  Wiebe  1993,  Pous- 
sart  et  al.  2000).  Most  Western  Bluebirds  in  our 
sample  fit  the  “slow  rise”  pattern  of  incubation 
onset  characterized  by  Grenier  and  Beissinger 
(1999),  but  the  non-monotonically  rising  incuba¬ 
tion  at  two  nests  fits  the  “irregular”  pattern  first 
described  by  Wiebe  et  al.  (1998)  and  correlated 
with  poorer  body  condition.  Partial  incubation 
results  from  proximate  factors  such  as  an  increase 
in  prolactin,  a  hormone  correlated  with  incuba¬ 
tion’s  onset  (Sockman  et  al.  2000),  and  is  likely  an 


adaptive  behavior  serving  to  maintain  the  viability 
of  earlier-laid  eggs  (Arnold  et  al.  1987).  More 
research  is  needed  to  explore  whether  partial 
incubation  is  the  result  of  constraints  on  adult 
physiology,  an  adaptive  trait  subject  to  behavioral 
modification,  or  a  combination  of  both  (Sockman 
et  al.  2006). 

Roosting  in  the  nest  before  the  onset  of 
consistent  nocturnal  incubation  may  be  a  common 
trait  in  temperate  cavity-nesting  passerines.  West¬ 
ern  Bluebird  females  often  roosted  in  the  nest  box 
at  night  after  laying  the  pre-penultimate  egg, 
resulting  in  mean  Tegg  rising  above  Ta  but 
remaining  below  that  typical  of  later  incubation 
(Fig.  3).  This  behavior  is  similar  to  roosting 
accompanied  by  a  gradual  increase  in  nocturnal 
incubation  during  the  egg-laying  period  in  Gold- 
crest  (Regulus  regulus).  Willow  Tit  ( Poecile 
montana),  and  Great  Tit  ( Parus  major)  (Haftorn 
1978,  1979,  1981).  Great  Tits  and  Blue  Tits 
(Cyanistes  caeruleus)  roost  in  the  nest  cup  during 
the  early  laying  period  without  raising  egg 
temperature  above  physiological  zero,  suggesting 
that  roosting  in  the  nest  lessens  the  adult’s 
thermoregulatory  costs  (Pendlebury  and  Bryant 
2005).  Nocturnal  nest  attendance  before  the 
penultimate  egg  and  before  onset  of  full  daytime 
incubation  has  been  noted  in  species  as  varied  as 
Wood  Ducks  (Aix  sponsa),  American  Tree 
Sparrows  ( Spizella  arborea),  Green-rumped  Par- 
rotlets  ( Forpus  passerinus),  American  Kestrels 
(Falco  sparverius ),  Baird’s  Sandpipers  ( Calidris 
bairdii),  Semipalmated  Sandpipers  (C.  pusilla), 
and  Cedar  Waxwings  (Bombycilla  cedrorum ) 
(Putnam  1949,  Weeden  1966,  Norton  1972, 
Bortolotti  and  Wiebe  1993,  Wilson  and  Verbeek 
1995,  Grenier  and  Beissinger  1999). 

Western  Bluebirds  demonstrated  an  abrupt 
increase  in  night-time  incubation  during  the  egg- 
laying  period  when  measured  by  the  amount  of 
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Days  from  clutch  completion 

FIG.  2.  Relation  between  mean  daytime  egg  temperature  (Tegg)  (A)  and  number  of  minutes  Tegg  exceeded  21°  C  during 
the  day  (B)  as  a  function  of  days  from  clutch  completion,  where  —  1  denotes  the  day  before  completion,  and  1  the  day  after 
completion.  Different  symbols  denote  individual  nests.  The  unshaded  box  symbol  denotes  nest  #11. 


time  Tegg  exceeded  21°  C  or  by  mean  Tegg  with 
two  of  six  females  beginning  steady  nocturnal 
incubation  on  the  pre-penultimate  egg  (Fig.  3). 
The  onset  of  steady  night-time  incubation  before 
the  penultimate  egg  has  been  documented  in 
cavity-nesters  that  hatch  asynchronously:  Gold- 
crest  (2  of  2  nests),  Great  Tit  (7  of  15  nests),  and 
House  Sparrow  ( Passer  domesticus)  (3  of  5  nests) 
(Haftorn  1978,  1979;  Anderson  1997).  Western 
Bluebirds  are  reported  to  hatch  synchronously 


(Guinan  et  al.  2000),  but  the  hatching  spread  at  the 
Hopland  study  site  from  2003  to  2007  was  0.76  ± 
0.73  days  ( n  =  175  first  nesting  attempts)  (JMW, 
unpubl.  data).  Other  passerine  species  that  vary  in 
onset  of  full  incubation  also  span  the  hatching 
synchrony/asynchrony  spectrum  with  some 
clutches  hatching  within  24  hrs  and  others  in 
over  24  hrs  (Haftorn  1979,  Nilsson  1993,  Clotfel- 
ter  and  Yasukawa  1999).  The  relationship  be¬ 
tween  onset  of  partial  and  steady  (full)  incubation 
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Nights  from  clutch  completion 

FIG.  3.  Relation  between  mean  night-time  egg  temperature  (A)  and  number  of  minutes  night-time  egg  temperature 
(Tegg)  exceeded  27°  C  (B)  and  the  nights  from  clutch  completion,  where  —  1  denotes  the  night  before  completion,  and  1  the 
night  after  completion  (symbols  as  in  Fig.  2). 


in  passerines  and  the  resulting  extent  of  hatching 
asynchrony  merits  more  consideration. 

The  phenomenon  of  skipping  a  night  of 
incubation  after  onset  of  steady  nocturnal  incuba¬ 
tion  has  seldom  been  reported  for  this  or  other 
passerine  species  (Wang  and  Beissinger  2009). 
Extended  periods  of  neglect  after  onset  of  full 
incubation,  and  of  eggs  cooling  at  night  while  the 
adult  is  present,  have  been  reported  for  Dusky 


Flycatcher  ( Empidonax  oberholseri)  during  in¬ 
clement  weather  (Morton  and  Pereyra  1985).  The 
weather  during  nights  of  skipped  incubation  in  our 
study  was  not  noticeably  different  from  other 
nights.  The  successful  hatching  of  most  eggs  in 
these  nests  suggests  that  Western  Bluebird  eggs 
are  resistant  to  episodes  of  nocturnal  egg  neglect. 

Most  passerines  are  early-morning  layers,  but 
Western  Bluebirds  at  our  study  sites  laid  well  after 
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sunrise.  Western  Bluebirds  laid  later  in  the  day 
than  European  tits:  Great  Tit,  Marsh  Tit  ( Poecile 
palustris ),  Willow  Tit,  and  Coal  Tit  ( Periparus 
ater)  laid  on  average  1-43  min  after  sunrise  (n  = 
22  nests,  62  eggs;  Haftom  1996).  Timing  of 
laying  in  Western  Bluebirds  is  consistent  with 
passerines  of  larger  body  size  having  later  laying 
times  (McMaster  et  al.  2004).  To  our  knowledge, 
information  on  the  timing  of  egg  laying  in  other 
muscicapids  is  unavailable. 

Maximum  daytime  ambient  temperatures  dur¬ 
ing  our  study  commonly  exceeded  30°  C  elevat¬ 
ing  Tegg  above  physiological  zero  in  the  absence 
of  female  incubation.  Elevated  Ta  had  a  much 
greater  effect  on  incubation  time  (defined  as  the 
time  Tegg  >  27°  C)  than  female  attentiveness. 
Warm  ambient  temperatures  may  affect  hatching 
success  and  hatching  asynchrony  by  accelerating 
development  of  earlier-laid  eggs.  The  trend  for 
tropical  species  to  hatch  asynchronously  (e.g., 
Grenier  and  Beissinger  1999)  may  reflect  this 
constraint  (Stoleson  and  Beissinger  1999).  The 
apparent  hardiness  of  eggs  in  our  study  to  high 
temperature  suggests  altricial  eggs  of  intermit¬ 
tently  incubating  passerines  may  illustrate  adap¬ 
tation  to  natural  fluctuations  in  egg  temperature. 
The  effects  of  warm  temperatures  during  the 
laying  period  on  egg  and  nestling  survival  would 
benefit  from  systematic  investigation,  whether 
incubation  is  attributable  to  adults  beginning 
incubation  earlier  during  warm  weather  or  wheth¬ 
er  incubation  is  passively  derived  from  high 
ambient  temperatures. 
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SPATIAL  ECOLOGY  OF  BREEDING  LEAST  BITTERNS  IN 
NORTHWEST  MISSOURI 
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DAVID  A.  EASTERLA,1  AND  RONALD  L.  BELL3 


ABSTRACT. — We  examined  the  spatial  ecology  of  breeding  Least  Bitterns  ( Ixobrychus  exilis )  on  Squaw  Creek  National 
Wildlife  Refuge  in  northwest  Missouri  using  radiotelemetry.  We  collected  1,585  locations  for  60  individuals  (28  males, 
32  females)  during  23  May-2  August  2005  and  6  June- 18  July  2006.  Pooled  data  for  both  males  and  females,  and  both 
years  resulted  in  mean  50  and  95%  fixed  kernel  home  range  use  distributions  of  37.6  ( n  =  25)  and  223.2  ha  ( n  =  25) 
for  all  individuals  with  >30  locations.  The  mean  maximum  distance  traveled  between  telemetry  observations  was 
2,147.1  m  (n  =  28).  There  were  no  differences  in  home  range  size  or  mobility  between  male  and  female  Least  Bitterns, 
although  there  were  great  variations  between  years  with  birds  in  2006  using  home  ranges  five  times  larger  than  those  in 
2005.  Habitat  use  was  disproportionate  to  availability  with  birds  using  sites  with  cattail  ( Typha  spp.)  and  arrowhead 
(Sagittaria  spp.)  to  a  greater  extent  than  available  in  both  2005  .and  2006.  One  of  eight  pairs  monitored  successfully 
reared  young,  while  females  of  seven  other  pairs  renested  with  new  mates.  Apparent  nesting  success  was  low  due  to 
severe  weather  events  and  nest  depredation.  We  did  not  observe  double  brooding.  Our  study  demonstrates  that  Least 
Bitterns  are  capable  of  using  much  larger  home  ranges  than  previously  observed.  Received  5  November  2007.  Accepted 
27  February  2009. 


The  Least  Bittern  ( Ixobrychus  exilis)  is  current¬ 
ly  classified  as  vulnerable  in  Missouri  (Missouri 
Natural  Heritage  Program  2006)  and  a  Region  3 
priority  species  by  the  U.S.  Fish  and  Wildlife 
Service  (USDI  2002).  Much  of  this  species’ 
wetland  habitat  has  been  lost  over  the  past  80 
years  as  a  result  of  draining  and  filling  wetlands 
across  the  state,  yet  Least  Bitterns  still  occur  in 
relatively  large  numbers  in  the  floodplain  marshes 
of  the  Missouri  and  Mississippi  rivers  (Robbins 
and  Easterla  1992).  Least  Bittern  research  has 
been  limited  due  to  the  highly  secretive  nature  of 
the  species;  however,  previous  research  on  Squaw 
Creek  National  Wildlife  Refuge  provided  a  basic 
understanding  of  Least  Bittern  nesting  ecology  in 
Missouri  (Nelson  2003).  Research  focusing  on 
spatial  ecology  has  been  conducted  in  western 
New  York  (Bogner  and  Baldassarre  2002),  but 
little  is  known  about  the  spatial  ecology  of  Least 
Bitterns  in  Missouri.  Past  research  suggests  Least 
Bitterns  maintain  a  somewhat  small  home  range 
(Bogner  and  Baldassarre  2002),  pair  bonding  is 
seasonal  (Weller  1961),  and  renesting  and  double 
brooding  may  occur  (Kent  1951,  Bogner  and 
Baldassarre  2002). 


1  Northwest  Missouri  State  University,  Department  of 
Biology,  800  University  Drive,  Maryville,  MO  64468,  USA. 

2  Current  address:  315  Frazer  Street,  Mound  City,  MO 
64470,  USA. 

3  U.S.  Fish  and  Wildlife  Service,  Squaw  Creek  National 
Wildlife  Refuge,  P.  O.  Box  #  158,  Mound  City,  MO  64470, 
USA. 

4  Corresponding  author;  e-mail:  frank_durbian@fws.gov 


Our  objectives  were  to:  (1)  measure  home  range 
size,  examine  habitat  use,  and  describe  nest  success 
of  breeding  pairs;  (2)  identify  pair  bond  length;  and 
(3)  examine  renesting  and  double  brooding  capa¬ 
bilities.  We  predicted  that  Least  Bitterns  in  both 
Missouri  and  New  York  had  similar  spatial  ecology 
patterns  and  breeding  behaviors. 

METHODS 

Study  Site. — Our  study  was  conducted  on  the 
3,012-ha  Squaw  Creek  National  Wildlife  Refuge 
(SCNWR)  within  the  Missouri  River  floodplain  in 
Holt  County,  Missouri  (Fig.  1).  The  refuge 
consists  of  six  main  habitat  types  including  old 
field  (24  ha);  developed  land  consisting  of  roads, 
parking  areas,  levees,  and  drainage  ditches 
(102  ha);  agricultural  cropland  (234  ha);  forest 
(558  ha);  prairie  (643  ha);  and  wetland 
(1,451  ha).  The  Refuge  is  within  the  North 
American  summer  range  of  the  Least  Bittern 
(Peterson  2002),  and  prior  nest  searches  conduct¬ 
ed  by  SCNWR  biologists  and  past  researchers 
demonstrated  the  area  supports  a  healthy  breeding 
population  (Jacobs  and  Wilson  1997,  Nelson 
2003). 

All  radio-marked  Least  Bitterns  were  initially 
captured  during  2005  in  Pelican  Pool  (239  ha)  in 
the  southwest  portion  of  the  refuge  (Fig.  1).  We 
initially  captured  and  radio-marked  Least  Bitterns 
in  2006  on  two  pools:  Pelican  Pool  and  Eagle  Pool 
(245  ha)  (Fig.  1 ). 

Nest  Searches  and  Capture. — We  conducted 
nest  searches  primarily  from  an  airboat,  although 
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we  also  made  periodic  searches  on  foot  and  nests 
were  occasionally  discovered  during  vegetation 
surveys.  We  assigned  each  nest  a  unique  number 
and  flagged  each  site  with  a  3-m  willow  pole 


placed  5  m  to  the  north.  We  recorded  coordinates 
for  each  nest  using  a  global  positioning  system 
(GPS).  Nest  searches  occurred  in  all  pools 
containing  suitable  nesting  habitat. 
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We  conducted  recurrent  checks  of  marked  and 
active  nests  until  at  least  one  adult  was  observed 
on  the  nest.  We  captured  the  bird  on  the  nest  or  as 
it  flushed  from  the  nest  into  the  vegetation  by 
hand.  This  method  caused  some  disturbance  due 
to  the  presence  of  the  airboat,  but  was  highly 
effective  and  ensured  the  quick  capture  of  nesting 
pairs  without  spending  undue  time  in  the  vicinity 
of  the  nest.  Capture  attempts  began  on  24  May 
2005  and  on  1  June  2006.  Efforts  to  capture 
nesting  pairs  during  2006  were  abandoned  as  birds 
were  extremely  illusive,  as  compared  to  the  2005 
capture  season.  Most  individuals  in  2006  were 
captured  while  foraging  and  were  not  associated 
with  a  marked  nest.  All  Least  Bittern  captures  and 
handling  followed  guidelines  provided  by  Gaunt 
and  Oring  (1997). 

Radio  Transmitter  Attachment. — All  birds  cap¬ 
tured  during  2005  were  assigned  as  males  or 
females  (Weller  1961),  weighed  to  the  nearest 
0.10  g,  and  fitted  with  a  2.5-g  radio  transmitter 
(Model  A2460,  Advanced  Telemetry  Systems 
Inc.,  Isanti,  MN,  USA).  Transmitters  were  at¬ 
tached  to  birds  with  leg  bands.  We  used  epoxy  to 
attach  two,  size  4 A  leg  bands  (National  Band  and 
Tag  Company,  Newport,  KY,  USA)  to  each  radio 
transmitter.  We  fitted  both  bands  to  the  bittern’s 
left  leg  with  the  antenna  pointed  dorsally,  and 
sealed  the  bands  with  cyanoacrylate  glue.  We 
ensured  there  was  adequate  space  for  the  trans¬ 
mitter  to  freely  slide  and  turn  on  the  leg.  The  total 
package  weighed  3.0  g  and  did  not  exceed  3%  of 
the  total  body  weight  of  Least  Bitterns. 

Attachment  methods  used  during  2005  were 
successful  but  we  chose  to  use  a  ‘back-pack- 
harness’  configuration  in  2006  to  attach  radio 
transmitters,  similar  to  that  used  by  Mong  and 
Sandercock  (2007)  on  Upland  Sandpipers  ( Bar - 
tramia  longicauda).  This  configuration  provided  a 
more  balanced  distribution  of  transmitter  weight. 
The  antenna  length  in  2006  was  increased  from  15 
to  26  cm  in  an  effort  to  increase  signal  reception 
distance.  The  total  harness  configuration  weight 
was  3.0  g  and  did  not  exceed  3%  of  the  total  body 
weight  of  Least  Bitterns. 

Radiotelemetry. — Least  Bitterns  were  radio 
tracked  daily  during  each  year  of  the  study  using 
a  vehicle  mounted  null-peak  system  (Seaman  and 
Powell  1996)  and  35  permanently  marked  track¬ 
ing  stations  (Fig.  1).  We  attempted  to  locate  all 
individuals  twice  daily,  once  in  the  .morning  (0500 
to  1159  hrs  CST)  and  once  in  the  aftemoon/early 
evening  (1200  to  2400  hrs  CST).  We  used 


program  LOCATE  III  (Nams  2005)  to  calculate 
positions  for  home  range  and  vegetation  use 
analyses. 

Home  Range  Calculations. — We  calculated  95 
and  50%  fixed  kernel  home  range  use  distribu¬ 
tions  (FKHRUDs),  referred  to  as  “home  range” 
and  “core  range”  (White  and  Garrott  1990)  using 
the  Animal  Movement  Extension  (Hooge  et  al. 
1999)  for  Arcview  3.2  (Environmental  Systems 
Research  Institute  Inc.  Redlands,  CA,  USA).  The 
smoothing  parameter  for  all  FKHRUD  calcula¬ 
tions  was  selected  using  least  squares  cross 
validation  (Silverman  1986,  Seaman  and  Powell 
1996,  Seaman  et  al.  1999).  We  calculated 
FKHRUDs  only  for  individuals  with  >30  loca¬ 
tions-  (Seaman  et  al.  1999).  We  also  used  the 
Animal  Movement  Extension  to  calculate  maxi¬ 
mum  distance  traveled  for  each  individual.  All 
spatial  data  were  tested  for  normality  using 
Shapiro-Wilk  tests;  comparisons  between  males 
and  females,  and  years  were  made  using  Wil- 
coxon  Rank  Sum  tests. 

Habitat  Use  Calculations. — We  conducted  veg¬ 
etative  analyses  in  2005  and  2006  for  ah  home 
ranges  of  radio-tracked  Least  Bitterns.  Habitat 
types  were  grouped  based  on  the  dominant 
vegetation  types  within  the  95%  FKHRUD  for 
all  individuals  combined  by  year,  allowing  us  to 
describe  changes  in  dominant  vegetation  group¬ 
ings  between  years.  We  created  a  detailed  habitat 
map  of  the  total  area  used  during  each  year  of  the 
study  by  delineating  boundaries  of  dominant 
vegetation  types  using  GPS  and  GIS  (Geographic 
Information  System),  and  adding  the  boundaries 
to  an  existing  land  cover  use  map  of  the  refuge. 
Habitat  availability  and  use  were  compared  using 
a  multinomial  test.  We  defined  habitat  availability 
as  the  percent  of  habitat  types  occurring  within  the 
combined  home  ranges  of  all  birds  while  habitat 
use  was  defined  as  the  proportion  of  all  bird 
locations  within  each  specific  habitat  type. 

RESULTS 

Capture  and  Radiomarking. — We  captured  24 
adult  Least  Bitterns  during  2005.  Twenty  were 
used  in  our  study  (11  males,  9  females)  resulting 
in  965  telemetry  locations.  All  individuals  were 
associated  with  and  captured  near  a  nest.  Fourteen 
of  the  20  radio-tracked  individuals  were  thought 
to  be  paired  and  associated  with  seven  marked 
nests.  Total  mean  handling  time  was  7.6  min 
(range  3-15  min).  Mean  (±  SE)  capture  body 
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TABLE  1 .  Home  range  (ha),  core  range  (ha),  and  maximum  distance  traveled  (m)  ( x 
marked  Least  Bitterns  on  Squaw  Creek  National  Wildlife  Refuge,  2005  and  2006. 

±  SE)  for  all  cohorts  of  radio- 

Group 

n 

Core  range 

Home  range 

Maximum  distance  traveled 

All  adults 

25 

37.6  ±  9.4 

223.2  ±  47.9 

2,147.1  ±  191.8 

All  males 

14 

30.6  ±  10.6 

186.8  ±  59.2 

2,013.4  ±  2.3 

All  females 

11 

46.4  ±  16.9 

269.6  ±  79.6 

2,317.1  ±  277.8 

2005  Adults 

18 

18.2  ±  7.2 

90.8  ±  23.6 

1,814.0  ±  212.8 

2005  Males 

11 

22.3  ±11.7 

95.7  ±  38.2 

1,790.9  ±  306.4 

2005  Females 

7 

11.7  ±  2.3 

83.2  ±  15.1 

1,850.3  ±  288.6 

2006  Adults 

7 

87.6  ±  17.8 

563.7  ±  43.3 

3,003.4  ±  162.0 

2006  Males 

3 

61.6  ±  31.2 

520.8  ±  158.5 

2,829.2  ±  271.2 

2006  Females 

4 

107.1  ±  51.1 

595.9  ±  79.4 

3,134.1  ±  515.2 

mass  for  all  males  was  113.6  ±  2.8  g  (n  =  12) 
and  117.7  ±  4.4  g  (n  =  12)  for  all  females. 

We  captured  41  adult  Least  Bitterns  during 
2006.  Forty  were  used  in  our  study  (17  males,  23 
females)  resulting  in  620  telemetry  locations. 
Only  eight  individuals  were  associated  with  a 
previously  marked  nest.  Two  of  these  eight  were 
believed  paired  with  another  radio-marked  indi¬ 
vidual.  Total  mean  handling  time  using  the  radio 
harness  attachment  averaged  5.3  min  (range  2- 
10  min).  Mean  (±  SE)  capture  body  mass  for  all 
males  was  100.8  ±  1.4  g  (n  =  17)  and  106.4  ± 

2.2  g  (n  =  24)  for  all  females. 

Home  Range  and  Movement. — We  used  921 
locations  from  18  of  20  adult  Least  Bitterns  (11 
males,  7  females)  tracked  during  2005  to  evaluate 
home  range  and  movement  during  this  period. 
Two  individuals  did  not  meet  our  criteria  of  a 
minimum  of  30  telemetry  positions.  Mean  (±  SE) 
home  range  size  for  both  males  and  females 
combined  was  90.8  ±  23.6  ha  (range  =  14.2- 
462.8  ha,  n  =  18)  with  mean  core  range  size  of 

18.2  ±  7.2  ha  (range  =  2.0-135.2  ha,  n  =  18) 
(Table  1).  Fixed-kernel  home  range  use  distribu¬ 
tions  were  not  normally  distributed  for  both  home 
range  (W  =  0.613,  P  =  0.000)  and  core  range  ( W 
=  0.480,  P  =  0.000).  We  detected  no  differences 
in  home  range  size  (P  =  0.740,  n  =  18)  and  core 
range  size  ( P  =  0.900,  n  =  18)  among  males  and 
females.  The  mean  maximum  distance  traveled 
for  all  adults  in  2005  was  1,814.0  m  (range  = 
759.3-3,394.1  m,  n  =  18)  (Table  1).  We  detected 
no  differences  ( P  =  0.860,  n  =  18)  in  mean 
maximum  distance  traveled  between  males  and 
females  in  2005. 

We  used  259  locations  from  seven  of  40  adult 
Least  Bitterns  tracked  (3  males,  4  females)  during 
2006.  Thirty-three  individuals  did  not  meet  our 
criteria  of  a  minimum  of  30  telemetry  positions; 


however,  all  individuals  with  greater  than  25 
locations  ( n  =  11)  were  used  to  calculate  the 
mean  maximum  distance  traveled.  The  mean  (± 
SE)  home  range  size  for  both  males  and  females 
combined  was  563.7  ±  43.3  ha  (range  =  391.4- 
697.6  ha,  n  =  7),  and  the  mean  core  range  size 
was  87.6  ±  17.8  ha  (range  =  28.4-164.1  ha,  n 
=  7)  (Table  1 ).  We  did  not  compare  home  range 
and  core  range  among  males  and  females  due  to 
small  sample  sizes.  Fixed-kernel  home  range 
use  distributions  were  not  normally  distributed 
for  home  range  ( W  =  0.926,  P  =  0.520)  or  core 
range  (W  =  0.968,  P  =  0.880).  The  mean 
maximum  distance  traveled  for  all  adults  in 
2006  was  2,938.6  m  (range  =  1,975.3- 
3,926.8  m,  n  =  11)  (Table  1).  We  detected  no 
difference  (P  =  0.343,  n  —  25)  between  the 
mean  maximum  distances  traveled  for  males  and 
females  in  2006. 

Pooling  each  year  of  data  for  both  males  and 
females  (1,180  locations  for  25  adult  Least 
Bitterns  (14  males,  11  females)  resulted  in  mean 
(±  SE)  home  range  size  of  223.2  ±  47.9  ha 
(range  =  14.0-697.6  ha,  n  =  25)  and  mean  core 
range  size  of  37.6  ±  9.4  ha  (range  =  2.1- 
164.1  ha,  n  =  25)  (Table  1).  The  mean  maximum 
distance  traveled  between  telemetry  observations 
was  2,147.1  m  (range  =  759.3->3,874.6  m,  n  = 
28)  (Table  1). 

Habitat  Use. — We  used  1,585  locations  from  60 
adult  Least  Bitterns  (28  males,  32  females)  to 
delineate  habitat  use.  We  identified  eight  primary 
habitat  types  within  the  combined  home  ranges  of 
all  birds  in  2005  (Table  2)  and  12  habitat  types  in 
the  combined  2006  home  ranges  (Table  3). 
Habitat  types  were  disproportionately  used  by 
radio-marked  birds  in  2005  (%2  =  324.85,  P  = 
0.000)  and  2006  =  464.29,  P  =  0.000). 

Arrowhead  ( Sagittaria  spp.)  and  cattail  ( Typha 
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TABLE  2.  Habitat  use  (%)  based  on  combined  home 
ranges  (532  ha)  of  Least  Bitterns  on  Squaw  Creek  National 
Wildlife  Refuge,  2005. 


Habitat  type 

Available 

Used 

Arrowhead 

64.81 

66.55 

Cattail 

8.60 

19.93 

River  bulrush 

10.33 

9.20 

Dewatered  managed  wetland 

2.42 

1.75 

Developed  land 

3.33 

1.37 

Prairie 

5.26 

0.61 

Forest 

4.47 

0.30 

Agricultural  field 

0.78 

0.30 

spp.)  were  the  most  used  habitat  types  in  both 
years  (Tables  2-3). 

Nesting. — We  located  92  nests  on  SCNWR 
during  2005.  Thirty-five  of  these  nests  were 
associated  with  radio-marked  birds.  The  majority 
of  nests  of  radio-marked  bitterns  were  within 
Pelican  Pool  (29  nests),  although  radio-marked 
birds  were  found  renesting  in  Eagle  Pool  (3  nests). 
Cattail  Pool  (2  nests),  and  Pelican  Moist  Soil  Unit 
(MSU)  (1  nest)  (Fig.  1).  One  of  seven  pairs 
captured  successfully  reared  young  and  shared 
the  same  home  range  for  the  majority  of  the 
summer.  The  remainder  of  the  nests  were  destroyed 
by  severe  weather  events  or  depredated.  Individu¬ 
als  from  other  pairs  renested  with  new  mates,  but 
no  double  brooding  was  observed.  Seventy-six 
(82.8%)  of  the  92  nests  observed  were  in  cattail, 
three  (3.2%)  each  were  in  arrowhead  and  river 
bulrush  ( Schoenoplectus  fluviatilis),  and  two 
(2.2%)  each  were  in  hard  stem  bulrush  (S.  acutus), 
bur  reed  ( Sparganium  androcladum),  smartweed 
( Polygonum  spp.),  and  reed  canary  grass  {Phalaris 
arundinacea). 

Nest  searches  in  2006  yielded  89  marked  nests 
and  eight  of  the  40  captured  individuals  were 
associated  with  a  previously  marked  nest  of  which 
only  two  were  believed  to  be  paired  with  other 
radio-marked  bitterns.  All  of  the  2006  nests  were 
either  in  Pelican  or  Eagle  pools  and  no  renesting 
was  observed.  All  eight  nests  associated  with 
radio-marked  birds  were  destroyed  by  severe 
weather  events  prior  to  successful  hatching  and 
rearing  of  young.  Ninety-nine  percent  of  the  nests 
were  in  cattail  in  2006. 

DISCUSSION 

We  found  Least  Bitterns  had  much  larger  home 
ranges  than  previously  observed.  There  were  no 
differences  in  home  range  size  or  mobility 


TABLE  3.  Habitat  use  (%)  based  on  combined  home 
ranges  (960  ha)  of  Least  Bitterns  on  Squaw  Creek  National 
Wildlife  Refuge,  2006. 


Habitat  type 

Available 

Used 

Arrowhead 

46.17 

78.80 

Cattail 

23.04 

12.78 

River  Bulrush 

7.43 

6.95 

Agricultural  field 

1.64 

0.32 

American  Lotus  ( Nelumbo  lutea) 

2.19 

0.32 

Dry  natural  wetland 

1.01 

0.32 

Open  water 

1.97 

0.32 

Developed  land 

8.75 

0.16 

Dewatered  managed  wetland 

1.01 

0 

Forest 

2.91 

0 

Prairie 

3.87 

0 

between  male  and  female  Least  Bitterns,  although 
there  were  great  variations  between  years.  Least 
Bitterns  in  2006  used  home  ranges  five  times 
larger  (700  vs.  150  ha)  than  those  in  2005  with  the 
exception  of  one  male  having  a  larger  home  range 
(462  ha).  Our  observations  suggest  home  range 
variation  may  be  affected  by  any  number  or 
combination  of  variables  including  decreases  in 
habitat  quality,  decreases  in  the  amount  of  forage 
available,  small  sample  sizes  or  natural  variabil¬ 
ity.  Studies  conducted  on  other  bird  species  have 
proposed  an  inverse  relationship  between  habitat 
quality  and  home  range  size  (Morse  1976, 
Seastedt  and  McLean  1979,  Davis  1982).  We 
noticed  slight  changes  in  the  vegetative  compo¬ 
sition  of  the  areas  used  between  years,  but  it  is 
unlikely  there  were  any  substantial  changes  in 
habitat  quality  between  years  as  neither  Pelican 
Pool  or  Eagle  Pool  were  drawn  down  and  both 
pools  remained  at  or  close  to  full  pool  level  during 
both  years.  It  would  typically  take  several  years 
without  a  drawdown  or  major  flood  event  to 
notice  any  significant  changes  in  habitat  quality 
among  these  wetlands.  It  is  also  unlikely  that  a 
major  decrease  in  the  amount  of  forage  available 
occurred  during  this  period.  Even  if  a  severe 
winter  kill  decreased  the  small  fish  population  in 
these  pools,  other  sources  of  vertebrate  and 
invertebrate  prey  would  have  been  abundant  and 
used  by  Least  Bitterns  as  they  are  capable  of 
consuming  a  large  array  of  food  items  (Gibbs  et 
al.  1992).  The  2006  season  ended  with  11  birds 
having  >25  locations  due  to  transmitter  failure, 
and  we  chose  to  maintain  the  study  standard  of 
>30  locations  per  individual  as  previous  research 
has  indicated  that  home  range  estimators  may 
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perform  badly  with  <30  observations  (Seaman  et 
al.  1999).  This  left  a  small  sample  size  for  2006 
home  range  analysis  ( n  =  7)  which  may  also  have 
contributed  to  home  range  size  discrepancies 
between  study  years.  Seaman  et  al.  (1999) 
reported  that  sample  sizes  of  <50  individuals 
greatly  overestimated  home  range  area  while 
larger  sample  sizes  reduced  bias  and  increased 
precision  suggesting  that  even  the  combined  data 
for  both  years  (n  =  25)  may  have  resulted  in  an 
overestimate  of  home  range  size  of  Least  Bitterns 
on  SCNWR.  Natural  variation  in  the  annual  home 
range  requirements  of  this  migratory  species  may 
have  resulted  in  the  differences  we  found  between 
years.  Future  studies  comparing  populations  on 
small  wetlands  in  contrast  to  large  wetlands 
should  be  conducted  to  help  understand  temporal 
differences  in  home  range  size  for  this  species. 

Least  Bitterns  used  cattail,  arrowhead,  and  river 
bulrush  to  a  greater  extent  than  that  available  and 
appeared  to  show  a  preference  for  this  habitat 
type.  Use  of  these  habitat  types  on  SCNWR  was 
similar  to  that  reported  by  Fredrick  et  al.  (1990), 
Gibbs  et  al.  (1992),  Post  (1998),  Nelson  (2003), 
and  Arnold  (2005).  Least  Bitterns  are  considered  a 
“waters  edge”  or  hemi-marsh  species  (Weller 
and  Spatcher  1 965)  with  nest  sites  typically  on  or 
near  the  edge  of  vegetation  within  10  m  of  open 
water  (Weller  and  Spatcher  1965,  Ziebell  1990, 
Gibbs  et  al.  1992).  Thus,  it  is  important  to  ensure 
that  wetlands  are  managed  to  contain  adequate 
stands  of  this  vegetation  type  and  arrangement  to 
maximize  nesting  and  foraging  sites. 

We  collected  little  information  on  nest  success 
of  breeding  pairs.  We  monitored  only  one 
successful  nest  throughout  the  duration  of  this 
study.  Least  Bitterns  on  SCNWR  have  confirmed 
renesting  behavior,  and  a  greater  number  of  nests 
within  dense  cattail  vegetation  have  been  found 
using  radiotelemetry.  We  suggest  that  pair  bond 
length  is  equal  to  the  duration  of  the  incubation 
period.  There  was  a  nearly  complete  home  range 
overlap  of  female  (164.745)  and  male  (164.851) 
during  the  incubation  period  for  nest  29.  Paired 
individuals  in  2005  shared  the  same  home  range 
throughout  the  duration  of  their  first  active  nest 
but,  as  soon  as  nests  were  depredated  or  destroyed 
by  severe  weather,  the  pair  bond  ceased.  Many 
individuals  in  2005  found  new  mates  and  re¬ 
nested  while  the  remainder  were  believed  to  have 
spent  the  rest  of  the  season  foraging. 

There  has  only  been  one  other  study  published 
on  spatial  ecology  of  adult  Least  Bitterns  (Bogner 


and  Baldassarre  2002).  This  study,  which  was 
conducted  in  New  York,  reported  a  mean  home 
range  of  9.7  ha  ( n  =  33).  Home  range  size  varied 
(range  =  1.8-35.7  ha)  depending  upon  whether 
birds  used  one  or  two  marsh  units  (8  pools 
averaging  58  ha  each  with  a  total  of  464  ha 
available)  during  the  breeding  season.  Much  larger 
pools  were  available  in  our  study  to  Least  Bitterns 
captured  within  the  two  initial  pools  encompassing 
~240  ha  each,  the  largest  pools  on  the  refuge. 
Least  Bitterns  within  a  breeding  season  can  adapt 
to  the  variability  in  wetland  availability  between 
years  (Nelson  2003).  It  is  likely  this  species  will 
also  adapt  to  a  variation  of  wetland  habitats 
between  known  nesting  locations.  We  suspect 
there  is  a  correlation  between  size  of  home  range 
and  amount  of  quality  marshland  habitat  included 
in  that  home  range.  It  is  possible  the  smaller  New 
York  wetlands  may  have  encompassed  relatively 
higher  quality  habitat  or  contained  a  larger,  more 
abundant  prey  base  compared  to  the  wetlands  on 
SCNWR.  Evidence  of  this  inverse  relationship 
between  habitat  quality  and  home  range  size  for 
birds  has  been  reported  by  Morse  (1976),  Seastedt 
and  McLean  (1979),  and  Davis  (1982).  Additional 
research  on  the  spatial  ecology  of  Least  Bitterns  is 
needed  to  advance  the  understanding  of  the  spatial 
and  habitat  requirements  needed  to  better  serve  in 
protection  and  restoration  of  habitats  across  the 
range  of  the  species. 

Home  range  estimates  of  breeding  Least 
Bitterns  can  aid  in  the  conservation  of  this 
species.  The  results  from  our  study  suggest  that 
maintenance  of  relatively  larger  hemi-marsh  sites 
(200+  ha)  containing  stands  of  cattail,  arrowhead, 
and  river  bulrush  may  be  needed  to  satisfy  both 
foraging  and  nesting  needs  of  this  species  in  the 
Midwest.  Other  researchers  have  suggested  that 
improvement  of  relatively  small  wetland  habitats 
>10  ha  with  shallow  wetland  and  dense  emergent 
vegetation  is  the  most  urgent  conservation  need 
(Gibbs  et  al.  1992).  Development  of  smaller 
wetland  habitats  may  be  equally  important, 
depending  on  location  and  juxtaposition,  when 
considering  the  small  home  range  estimates  from 
research  conducted  in  New  York  (Bogner  and 
Baldassarre  2002),  where  smaller  wetlands  may 
also  be  beneficial  to  the  species. 
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ESTIMATION  OF  AVIAN  POPULATION  SIZES  AND  SPECIES 
RICHNESS  ACROSS  A  BOREAL  LANDSCAPE  IN  ALASKA 

COLLEEN  M.  HANDEL,'3’7  SHELLI  A.  SWANSON,2-4 
DEBORA  A.  NIGRO,2-5  AND  STEVEN  M.  MATSUOKA1-6 

ABSTRACT. — We  studied  the  distribution  of  birds  breeding  within  five  ecological  landforms  in  Yukon-Charley  Rivers 
National  Preserve,  a  10,194-krrf  roadless  conservation  unit  on  the  Alaska-Canada  border  in  the  boreal  forest  zone. 
Passerines  dominated  the  avifauna  numerically,  comprising  97%  of  individuals  surveyed  but  less  than  half  of  the  115 
species  recorded  in  the  Preserve.  We  used  distance-sampling  and  discrete-removal  models  to  estimate  detection 
probabilities,  densities,  and  population  sizes  across  the  Preserve  for  23  species  of  migrant  passerines  and  five  species  of 
resident  passerines.  Yellow-rumped  Warblers  ( Dendroica  coronata)  and  Dark-eyed  Juncos  (Junco  hyemalis )  were  the  most 
abundant  species,  together  accounting  for  41%  of  the  migrant  passerine  populations  estimated.  White-winged  Crossbills 
(Loxia  leucoptera),  Boreal  Chickadees  ( Poecile  hudsonica ),  and  Gray  Jays  ( Perisoreus  canadensis)  were  the  most  abundant 
residents.  Species  richness  was  greatest  in  the  Floodplain/Terrace  landform  flanking  the  Yukon  River  but  densities  were 
highest  in  the  Subalpine  landform.  Species  composition  was  related  to  past  glacial  history  and  current  physiography  of  the 
region  and  differed  notably  from  other  areas  of  the  northwestern  boreal  forest.  Point-transect  surveys,  augmented  with 
auxiliary  observations,  were  well  suited  to  sampling  the  largely  passerine  avifauna  across  this  rugged  landscape  and  could 


be  used  across  the  boreal  forest  region  to  monitor  changes  in 
2008.  Accepted  19  January  2009. 

The  vast  boreal  region  of  North  America 
encompasses  a  quarter  of  the  world’s  remaining 
intact  forests  and  is  estimated  to  support  50%  or 
more  of  the  entire  breeding  population  of  at  least 
98  species  of  birds  (Blancher  and  Wells  2005).  A 
substantial  amount  of  avian  research  has  been 
conducted  in  southern  boreal  forests  of  Canada 
during  the  past  decade,  much  of  it  focused  on 
understanding  the  composition  of  landbird  com¬ 
munities  relative  to  forest  structure  and  ecological 
processes  (e.g.,  Kirk  et  al.  1996,  Schmiegelow  et 
al.  1997,  Hobson  and  Schieck  1999,  Imbeau  et  al. 
1999,  Whitaker  and  Montevecchi  1999,  Hobson 
and  Bayne  2000).  This  region  is  experiencing 
increasing  pressure  from  forestry  and  other 
industrial  development,  and  there  is  concern  over 
potential  effects  on  bird  populations  from  habitat 
loss,  fragmentation,  and  changes  in  forest  struc- 
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ture  and  composition  (Schmiegelow  et  al.  1997, 
Hobson  and  Schieck  1999,  Schmiegelow  and 
Monkkonen  2002).  There  is  also  recent  evidence 
that  breeding  bird  distributions  may  be  shifting  in 
response  to  global  climate  change,  particularly  at 
northern  latitudes  (Thomas  and  Lennon  1999, 
Brommer  2004,  Hitch  and  Leberg  2007)  with 
unknown  effects  on  population  dynamics. 

Little  is  known  about  the  distribution,  abun¬ 
dance,  and  habitat  associations  of  many  terrestrial 
birds  in  the  northwestern  portion  of  the  conti¬ 
nent’s  boreal  forest  region  (Machtans  and  Latour 
2003).  Much  of  this  region  is  remote  and  difficult 
to  access,  and  available  information  is  largely 
restricted  to  areas  near  the  few  existing  roads  or 
along  river  corridors  (e.g.,  Bishop  1900,  Osgood 
1909,  Kessel  and  Springer  1966,  White  and 
Haugh  1969,  West  and  DeWolfe  1974,  Ritchie 
and  Ambrose  1992,  Paton  and  Pogson  1996, 
Benson  et  al.  2000,  Cotter  and  Andres  2000, 
Sinclair  et  al.  2003).  Studies  that  have  examined 
avian  abundance  relative  to  ecological  character¬ 
istics  have  been  based  largely  on  habitat-specific 
surveys  with  few  replicate  samples  within  the 
region  of  interest  (e.g.,  Theberge  1976,  Spindler 
and  Kessel  1980,  Kessel  1998,  Matsuoka  et  al. 
2001,  Machtans  and  Latour  2003). 

Rosenberg  and  Blancher  (2005)  recently  iden¬ 
tified  the  need  for  setting  numerical  population 
objectives  to  aid  in  conservation  efforts  for 
landbird  species  in  North  America  (cf.  Blancher 
2003,  Rich  et  al.  2004).  They  developed  methods 
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(Blancher  et  al.  2007)  to  derive  estimates  of 
regional  and  continental  population  sizes  based  on 
data  from  the  North  American  Breeding  Bird 
Survey  (BBS),  a  volunteer-based  roadside  survey 
originally  designed  to  monitor  population  trends. 
Rosenberg  and  Blancher  (2005)  encouraged 
refinement  of  their  methodology  and  Thogmartin 
et  al.  (2006)  subsequently  emphasized  the  need  to: 

(1)  measure  detection  probabilities  to  estimate 
densities  more  accurately  (cf.  Thompson  2002), 

(2)  account  for  potential  biases  due  to  non¬ 
representative  sampling  of  habitats,  and  (3) 
estimate  densities  in  the  boreal  region,  for  which 
there  is  a  paucity  of  survey  data. 

We  conducted  a  2-year  study  of  birds  of 
Yukon-Charley  Rivers  National  Preserve,  Alaska, 
a  large,  roadless  conservation  unit  at  the  north¬ 
western  extent  of  North  America’s  boreal  zone  in 
east-central  Alaska.  Our  primary  objectives  were 
to:  (1)  document  the  distribution  of  birds  during 
the  breeding  season  relative  to  ecological  land- 
forms  in  the  Preserve,  and  (2)  estimate  densities 
and  population  sizes  of  passerines  with  distance¬ 
sampling  techniques  that  incorporate  detection 
probabilities.  Ours  is  the  first  study  specifically 
designed  to  estimate  densities  and  population 
sizes  of  terrestrial  species  of  birds  across  a  broad 
natural  landscape  of  the  boreal  forest  zone  in 
North  America. 

STUDY  AREA 

Yukon-Charley  Rivers  National  Preserve  is  a 
10,194-km2  National  Park  Service  unit  in  the 
subarctic  boreal  forest  of  east-central  Alaska 
(65°  N,  143°  W;  Fig.  1).  Elevations  in  the  Pre¬ 
serve  range  from  180  m  along  the  Yukon  River  to 
2,010  m  in  the  mountains  of  the  Yukon-Tanana 
Uplands.  Based  on  weather  data  for  Eagle,  Alaska 
(elevation  256  m),  mean  annual  precipitation  at 
low  elevations  in  the  Preserve  is  30  cm  and  mean 
monthly  temperatures  range  from  16°  C  in  July  to 
—25°  C  in  January  (Western  Regional  Climate 
Center  2007). 

The  complex  geology,  climate  conditions, 
natural  fire  regime,  hydrology,  and  discontinuous 
permafrost  have  produced  a  mosaic  of  different- 
age  taiga  and  tundra  plant  communities  in  the 
Preserve.  Forest  communities  with  tree  canopy 
cover  of  25%  or  more  include  coniferous  forest 
dominated  by  white  spruce  ( Picea  glauca )  or 
black  spruce  ( P .  mariana );  deciduous  forest 
dominated  by  paper  birch  ( Betula  papyrifera), 
quaking  aspen  ( Populus  tremuloides),  or  balsam 


>150°  141“ 


FIG.  1.  Distribution  of  bird  survey  points  within  five 
landforms  of  Yukon-Charley  Rivers  National  Preserve  (top) 
and  location  of  the  Preserve  in  east-central  Alaska  relative 
to  major  physiographic  features  of  the  region  (bottom). 

poplar  (P.  balsamifera );  and  mixed  spruce/decid¬ 
uous  forest.  White  and  black  spruce  dominate  the 
woodland  communities  that  have  a  sparser  tree 
canopy  cover  of  10-24%.  Tall  and  low  shrub 
communities  consist  primarily  of  willow  (Salix 
spp.),  dwarf  birch  ( Betula  nana),  and  alder  ( Alnus 
spp.)  while  dwarf  shrub  communities  are  domi¬ 
nated  by  dwarf  ericaceous  shrubs  (family  Erica¬ 
ceae)  and  mountain-avens  ( Dryas  spp.).  The  wet 
sedge/graminoid  community  is  mainly  tussock 
tundra  formed  by  tussock  cottongrass  (Erio- 
phorum  vaginatum). 

Swanson  (2001)  classified  the  Preserve  into  29 
ecological  units  relative  to  patterns  in  potential 
natural  communities,  soils,  hydrology,  landforms 
and  topography,  lithology,  climate,  and  natural 
processes  (cf.  Cleland  et  al.  1997).  We  used  this 
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classification  system  to  design  our  inventory  and 
subsequently  grouped  similar  units  into  five 
landforms  for  analysis:  Floodplain  and  Terrace, 
Lowland,  Hill  and  Bluff,  Subalpine  Mountain 
Slope  and  Valley,  and  Alpine  Mountain  Dome 
and  Ridge  (Fig.  1). 

Floodplain  and  Terrace. — This  landform  en¬ 
compasses  81,683  ha  of  floodplains  and  terraces 
along  the  Yukon  River  and  lower  segments  of  its 
major  tributaries  (elevations  180-365  m;  8.0%  of 
the  Preserve).  We  did  not  sample  the  waters  of  the 
Yukon  River  or  its  small,  frequently  flooded 
alluvial  bars  and  islands,  which  cover  an  addi¬ 
tional  14,609  ha  (1.4%)  of  the  Preserve.  Ponds, 
thermokarst  lakes,  and  sloughs  are  scattered 
throughout  this  landform.  Soils  are  often  wet 
and  permafrost  occurs  in  all  but  active  floodplain 
and  drier  upper  terraces  that  have  been  burned. 
Floodplains  are  generally  highly  disturbed  areas 
with  varied  vegetation  including  tall  and  low 
shrub,  spruce  forest,  deciduous  forest,  and  mixed 
forest.  This  landform  contains  the  highest  percent 
of  tall  shrub  and  wet  sedge/graminoid  vegetation 
in  the  Preserve.  Wet  sedge/graminoid  communi¬ 
ties  (tussock  tundra)  and  low  shrubs  occur  on  wet 
terraces  along  with  sparse  spruce  forest  and 
woodland.  White  and  black  spruce  forest,  black 
spruce  woodland,  and  deciduous  forest  are  on 
slopes  of  high  terraces.  About  29%  of  the 
landform  has  burned  during  the  past  50  years 
and  the  fire-return  interval  is  about  150  years  (D. 
K.  Swanson,  pers.  comm.).  Fire  occurs  infre¬ 
quently  throughout  most  of  the  landform  because 
of  the  low  inherent  flammability  and  the  presence 
of  natural  firebreaks  (sloughs,  lakes,  and  other 
waterways).  The  high  terraces  are  drier  and 
susceptible  to  frequent  fire  events. 

Lowlands. — The  79,104  ha  of  gently  sloping 
basins  and  plains  that  define  the  Lowlands 
landform  (elevations  300-915  m;  7.8%  of  the 
Preserve)  have  wet,  fine-grained  soils  underlain 
by  permafrost,  which  may  recede  locally  to 
several  meters  below  the  surface  due  to  fires. 
This  landform  is  primarily  covered  with  black 
spruce  woodland  and  spruce  forest.  It  contains  the 
highest  percent  of  black  spruce  woodland  (50%) 
of  all  the  landforms  in  the  Preserve.  Deciduous 
forest,  mixed  forest,  and  low  shrubs  occur  on 
previously  burned  areas  and  steep  slopes.  Wet 
sedge/graminoid  meadows  (often  with  tussocks) 
and  low  shrubs  occur  in  low  areas.  An  estimated 
42%  of  the  landform  has  burned  during  the  past 
50  years  (fire-return  interval  of  about  90  years), 


but  fire  frequency  is  highly  variable  among 
different  areas  (D.  K.  Swanson,  pers.  comm.). 

Hill  and  Bluff. — The  Hill/Bluff  landform  en¬ 
compasses  431,227  ha  of  gentle  to  moderately 
steep  hills  (elevations  210-1,160  m;  42.3%  of 
the  Preserve)  with  mostly  dry  and  rocky  soils, 
except  on  north  slopes,  lower  slope  positions, 
and  nearly  flat  summits,  where  permafrost  and 
wetter  soils  occur.  Hillsides  are  generally 
covered  with  deciduous  forest  in  previously 
burned  areas  and  mixed  forest  where  unburned, 
although  black  spruce  forest  and  woodland  occur 
on  north-facing  and  lower  elevation  slopes.  Wet 
sedge/graminoid  and  low  shrub  communities 
dominate  the  summits.  Steep  slopes  and  high 
ridge  tops  often  are  covered  with  rock  scree  or 
knobs.  Bluffs  in  these  units  are  steep  west-  and 
south-facing  slopes  rising  directly  from  the 
Yukon  River  dominated  by  steppe  communities 
of  grasses  and  sagebrush  ( Artemisia  spp.), 
deciduous  forest,  mixed  forest,  scree,  and 
exposed  rock.  Fires  occur  frequently  in  this 
relatively  dry  landform  (fire-return  interval  of 
about  85  years)  and  about  5 1  %  has  burned  during 
the  past  50  years  (D.  K.  Swanson,  pers.  comm.). 

Subalpine  Mountain  Slope  and  Valley. — The 
Subalpine  landform  includes  164,859  ha  of  sub¬ 
alpine  basins,  slopes,  and  valleys  (elevations  550- 
1,465  m;  16.2%  of  the  Preserve).  Soils  range  from 
dry  and  rocky  on  higher  slopes  to  wet  with 
permafrost  under  lower  slopes,  valleys,  and 
basins.  Plant  communities  consist  of  wet  sedge/ 
graminoid  (including  tussocks)  and  low  shrub 
thickets  of  willow  and  dwarf  birch  in  valley 
bottoms,  spruce  forest  or  woodland  on  mountain 
slopes,  tall  shrub  (primarily  alder)  thickets  in 
ravines,  and  low  to  tall  shrub  thickets  in  riparian 
areas.  Fire  frequency  is  low  and  only  3%  of  the 
landform  has  burned  during  the  past  50  years  (D. 
K.  Swanson,  pers.  comm.). 

Alpine  Mountain  Dome  and  Ridge. — The  Al¬ 
pine  landform  (elevations  790-2,010  m;  24.3%  of 
the  Preserve)  encompasses  '247,937  ha  that  ex¬ 
tends  from  rounded  mountains  covered  with  low 
or  dwarf  shrubs  and  some  wet  sedge/graminoid 
meadows  (often  with  tussocks)  on  wetter  sub¬ 
strates  to  steep  mountain  peaks  with  patches  of 
herbaceous  plants  or  dwarf  shrubs  among  consid¬ 
erable  rock  rubble  and  exposed  bedrock.  Soils  are 
generally  dry  and  rocky.  Only  2%  of  the  landform 
has  burned  during  the  past  50  years  as  there  is 
insufficient  combustible  material  to  fuel  fires  (D. 
K.  Swanson,  pers.  comm.). 
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METHODS 

Field  Procedures. — We  stratified  the  Preserve 
by  ecological  unit  (Swanson  2001)  and  used  the 
existing  systematic  grid  of  survey  townships 
mapped  by  the  U.  S.  Public  Land  Survey  System 
as  potential  sampling  units  across  the  Preserve 
(126  blocks  of  nominal  size  9.7  X  9.7  km).  We 
assigned  each  block  to  the  ecological  unit  that 
occurred  at  the  block  center  and  randomly 
selected  40  blocks  (32%  of  total  blocks)  in 
proportion  to  the  area  in  the  Preserve  that  each 
ecological  unit  comprised.  We  mapped  three 
transects  with  12  sampling  points  each  in  all 
selected  blocks  prior  to  fieldwork.  Transects 
were  oriented  across  major  landscape  gradients 
(i.e.,  up  mountain  slopes  or  perpendicular  to  the 
river  on  floodplains)  to  sample  the  range  of 
variability  of  habitats  and  avifauna  within  the 
landforms.  Sampling  points  were  placed  >400  m 
apart  in  open  habitats  and  a 200  m  apart  in 
forested  and  tail-shrub  habitats  to  minimize 
double-counting  of  individuals.  We  allocated 
sample  points  proportionally  to  the  area  of  each 
ecological  unit  within  those  blocks  that  encom¬ 
passed  more  than  one  unit.  Half  of  the  blocks 
within  each  stratum  were  allocated  randomly  to 
1999  and  half  to  2000  with  results  pooled  across 
years  for  analysis. 

We  surveyed  breeding  birds  using  point- 
transect  techniques  (Buckland  et  al.  2001).  Our 
survey  dates  of  5-28  June  encompassed  peak 
territory  establishment  and  display  for  most 
migrant  species.  Surveys  began  between  0100 
and  0200  hrs  AST  and  ended  at  0900  hrs,  the 
diurnal  period  of  peak  passerine  activity  in  the 
Preserve  (Swanson  and  Nigro  2003).  We  sampled 
as  many  points  as  possible  along  preselected 
transects  within  this  time  frame  but  did  not  survey 
when  inclement  weather  (rain,  wind,  fog,  etc.) 
impaired  detection  of  birds.  We  estimated  dis¬ 
tances  from  each  survey  point  to  all  birds  seen  or 
heard  during  an  8-min  count  (recorded  in  2 
intervals,  0-5  min  and  >5-8  min)  in  10-m 
intervals  to  100  m,  in  25-m  intervals  from  100 
to  150  m,  and  as  >150  m.  We  recorded  all 
species  detected  between  survey  points  or  at  other 
times  of  day  that  had  not  been  previously  seen  in 
the  sampling  block.  We  used  a  shotgun  microphone 
and  portable  tape  recorder  to  record  unusual  bird 
vocalizations  for  later  verification.  We  classified 
the  vegetation  within  a  50-m  radius  around  each 
sample  point  into  one  of  24  vegetation  communi¬ 


ties  following  Viereck  et  al.  (1992)  and  recorded 
the  type  of  ecological  unit  at  the  site. 

Four  two-person  crews  were  trained  for  3 
weeks  in  identifying  birds  by  sight  and  sound, 
estimating  distance  to  birds,  classifying  habitat, 
and  cataloging  point  locations.  All  crew  leaders 
had  extensive  prior  experience  conducting  point 
counts  in  Alaska  and  participated  in  both  1999 
and  2000. 

Species  Richness. — We  constructed  rarefaction 
curves  to  compare  observed  and  predicted  species 
richness  of  the  avian  communities  within  the  five 
landforms.  We  used  program  Estimates  Version  8 
(Colwell  2006)  to  compute  the  species  accumu- 
lationvfunction  Mao  x  rescaled  by  mean  number  of 
individuals  detected  using  all  detections  from  the 
8-min  surveys;  this  provides  a  smoothed  curve  of 
number  of  species  observed  in  each  community 
relative  to  sampling  effort  (Gotelli  and  Colwell 
2001,  Colwell  et  al.  2004).  We  used  the  first-order 
jackknife  method  (Burnham  and  Overton  1979)  in 
Estimates  Version  8  (Colwell  2006)  to  estimate 
predicted  species  richness;  this  adjusts  for  bias 
due  to  species  being  missed  during  sampling 
(Nichols  et  al.  1998).  We  compared  95% 
confidence  limits  of  the  point  estimates  given 
sampling  efforts  of  1,000  individuals  per  landform 
to  test  for  differences  among  landforms  in  species 
richness. 

We  used  the  Chao-Jaccard  incidence-based 
estimator  (Chao  et  al.  2005)  to  evaluate  similarity 
of  species  composition  among  landforms.  This 
estimator  is  based  on  incidence  (presence-ab¬ 
sence)  data  using  spatial  (or  temporal)  replicates, 
and  incorporates  the  effect  of  undetected  shared 
species.  We  used  this  incidence-based  estimator 
because  we  had  density  estimates  for  only  the 
most  common  species  and  similarity  indices  are 
sensitive  to  rarity.  We  used  program  Estimates 
Version  8  (Colwell  2006)  to  compute  the 
estimator  based  on  presence  or  absence  of  species 
detected  during  8-min  surveys  at  points  within 
each  landform  with  1,000  bootstrap  replications  to 
estimate  standard  errors. 

Densities  and  Population  Sizes. — We  used 
program  DISTANCE,  Version  3.5  (Thomas  et 
al.  1998)  for  each  species  with  >60  detections  to 
estimate  density  and  population  size  by  modeling 
P detect-’  the  conditional  detection  probability,  given 
availability  for  detection  relative  to  distance  from 
the  observer.  We  excluded  all  observations  of 
birds  flying  overhead.  We  did  not  model  the  effect 
of  observer,  time  of  day,  or  date  since  models  of 
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detection  probability  are  pooling  robust  (Buck- 
land  et  al.  2001),  surveys  were  confined  to  periods 
of  peak  detection,  and  sampling  effort  was 
randomly  distributed  relative  to  such  factors.  We 
did  not  model  the  effect  of  landform  on  detection 
probability  because  previous  analysis  (Swanson 
and  Swanson  2007)  had  shown  that  most  species 
were  associated  either  with  specific  ecological 
units  upon  which  the  landforms  were  defined  or 
with  specific  habitat  elements  that  occurred  across 
landforms.  We  expected  little  heterogeneity  in 
detection  probability  across  landforms  and  en¬ 
counter  rates  were  too  low  in  many  landforms  for 
almost  all  species  to  test  this  directly.  We 
examined  data  for  evidence  of  rounding  to 
preferred  distance  intervals,  combined  adjacent 
intervals  if  necessary,  and  truncated  at  least  10% 
of  the  largest  observed  distances  to  improve  fit  of 
the  detection  functions  (Buckland  et  al.  2001).  We 
tested  the  fit  of  the  uniform,  half-normal,  and 
hazard  rate  key  functions  and  examined  improve¬ 
ment  with  cosine,  simple  polynomial,  or  Hermite 
polynomial  adjustment  terms.  We  selected  the 
model  with  the  lowest  value  for  Akaike’s 
information  criterion  (AIC),  providing  fit  of  the 
model  at  distance  zero  was  good  (Buckland  et  al. 
2001). 

We  estimated  density  for  each  species  with 
formulas  for  a  stratified  design  (Buckland  et  al. 
2001:89).  We  stratified  by  landform,  pooled 
points  by  landform  within  blocks,  and  treated 
blocks  as  sampling  units.  Most  detections  were 
aural  and  dependent  on  vocalization  rates;  we 
assumed  the  probability  of  detection  at  the  survey 
point  was  1 .0,  conditional  on  the  individual  being 
available  for  detection  (cf.  Kissling  and  Garton 
2006,  Diefenbach  et  al.  2007).  We  used  a  discrete 
removal  model  (Farnsworth  et  al.  2002)  for  each 
species  to  estimate  the  probability  that  a  bird  was 
available  to  be  detected  (pavan)  during  the  8-min 
survey,  based  on  the  number  of  birds  first  detected 
in  each  interval  of  the  count  (0-5,  >5-8  min).  We 
included  detections  only  out  to  the  distance  at 
which  the  proportion  of  birds  detected  in  each 
time  interval  remained  relatively  constant  to  avoid 
confounding  estimates  of  availability  with  dis¬ 
tance  effects  on  detection  probabilities  (Buckland 
et  al.  2004).  We  inspected  the  data  for  a  change  in 
frequencies  with  distance  for  each  species  and 
used  this  distance  if  the  proportions  of  detections 
within  and  beyond  that  distance  differed  signifi¬ 
cantly  (Chi-square  goodness-of-fit  test;  Sokal  and 
Rohlf  1981).  We  used  detections  based  on  this 


criterion  within  30  m  for  Yellow-rumped  Warbler 
( Dendroica  coronata );  60  m  for  Savannah  Spar¬ 
row  ( Passerculus  sandwichensis)',  70  m  for  Gray 
Jay  ( Perisoreus  canadensis),  Wilson’s  Warbler 
(Wilsonia  pusilla),  and  American  Tree  Sparrow 
(Spizella  arborea );  125  m  for  American  Pipit 
(Anthus  rubescens),  Homed  Lark  ( Eremophila 
alpestris ),  and  Pine  Grosbeak  ( Pinicola  enuclea- 
tor);  and  150  m  for  the  other  20  species.  We 
recorded  birds  during  only  two  time  intervals  and 
assumed  there  was  no  heterogeneity  among 
individuals  within  a  species  in  their  probability 
of  availability  (cf.  Farnsworth  et  al.  2002).  We 
estimated  pavai/  using  program  SURVIV  (White 
1983)  and  used  p avail  as  a  divisor  to  correct 
density  estimates  for  incomplete  availability 
(Buckland  et  al.  2001,  Diefenbach  et  al.  2007). 
We  assumed  for  migrant  species  that  singing 
males  and  other  single  individuals  represented 
breeding  pairs;  we  multiplied  resulting  estimates 
by  two  to  estimate  densities  and  population  sizes 
of  breeding  adults.  Resident  species  typically  bred 
earlier  in  the  season  or  sporadically,  and  detec¬ 
tions  included  family  groups  and  flocks.  We 
interpreted  estimates  for  these  species  as  numbers 
of  individuals  of  unknown  age  and  breeding 
status. 

We  used  the  delta  method  to  estimate  variance 
(Buckland  et  al.  2001:52)  with  components  for 
P detect’  P avaih  and  encounter  rate  per  stratum.  We 
used  a  common  dispersion  factor  across  strata  to 
control  for  random  sampling  error  in  detecting 
birds  among  strata  (Buckland  et  al.  2001:91)  and 
included  a  covariance  term  (Cochran  1977), 
weighted  by  area  of  the  landforms,  to  account 
for  correlations  in  encounter  rate  when  we 
sampled  birds  in  more  than  one  landform  within 
a  block.  We  computed  log-based  95%  confidence 
intervals  (Cl)  of  the  density  estimates  with 
degrees  of  freedom  calculated  using  the  Sat- 
terthwaite  method  (Buckland  et  al.  2001).  We 
estimated  standard  errors  of  combined  densities 
for  groups  of  species  as  the  square  root  of  the  sum 
of  the  estimated  variances  for  individual  species, 
making  the  assumption  that  densities  of  species 
were  independent  (Neter  et  al.  1990). 

RESULTS 

We  recorded  12,266  individual  birds  during 
1,415  point-transect  surveys  across  40  sampling 
blocks  in  Yukon-Charley  Rivers  National  Pre¬ 
serve  (6,002  birds  at  688  points  in  1999  and  6,264 
birds  at  727  points  in  2000).  We  detected  115 
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FIG.  2.  Observed  and  predicted  species  richness  during 
the  breeding  season  in  landforms  of  Yukon-Charley  Rivers 
National  Preserve.  (A)  Predicted  species  richness  (closed 
circles),  including  species  present  but  not  detected  during 
brief  point-transect  surveys,  was  estimated  to  be  13-28% 
higher  than  the  number  of  species  actually  detected  during 
the  surveys  (open  triangles).  Total  observed  richness  (open 
circles),  including  species  observed  outside  of  count 
periods,  was  close  to  or  within  95%  Cl  of  the  predicted 
species  richness.  (B)  Predicted  species  richness  increased 
with  survey  effort  (number  of  individuals  detected  during 
point-transect  surveys).  Dashed  line  allows  comparison  at 
similar  levels  of  sampling  effort  across  landforms  and 
shows  the  much  higher  predicted  species  richness  in  the 
Floodplain/Terrace  landform. 

species,  including  85  during  surveys  and  an 
additional  30  between  points  or  after  morning 
surveys  were  completed  (Appendix).  Passerines 
comprised  less  than  half  of  the  species  document¬ 
ed  during  surveys  ( n  =  52)  but  97%  of  all 
individuals  recorded. 

Distribution  Across  Landforms. — The  number 
of  species  detected  during  point-transect  surveys 
ranged  from  38  in  the  Alpine  landform  to  48  in  the 
Hill/Bluff  landform,  and  we  recorded  an  addi¬ 
tional  1-18  species  per  landform  between  and 


FIG.  3.  Similarity  of  the  composition  of  avian  commu¬ 
nities  among  landforms  of  Yukon-Charley  Rivers  National 
Preserve  during  the  breeding  season.  Indices  of  similarity 
(±  SE)  for  each  landform  are  based  on  pair-wise 
comparisons  with  those  higher  in  elevation  (L  =  Lowland, 
H  =  Hill/Bluff,  S  =  Subalpine,  A  =  Alpine).  The  similarity 
index  (Chao-Jaccard  estimator)  incorporates  the  effect  of 
undetected  shared  species. 

after  the  counts  (Fig.  2A).  The  total  number  of 
species  recorded  in  each  landform  was  close  to  or 
within  the  95%  Cl  estimated  from  the  survey  data 
for  predicted  species  richness,  which  accounts  for 
incomplete  detection  of  species  during  brief 
sampling  periods.  Predicted  species  richness 
increased  with  survey  effort  and  appeared  to  be 
approaching  an  asymptote  only  for  the  Alpine  and 
Subalpine  landforms  (Fig.  2B).  Predicted  species 
richness  at  comparable  sampling  efforts  of  1,000 
birds  per  landform  was  higher  (all  P  <  0.05)  in 
the  Floodplain/Terrace  landform  (56.8  ±  3.2)  (x 
±  SE)  than  in  any  other  landform  except  Lowland 
(45.0  ±  3.7).  Predicted  species  richness  at  similar 
efforts  was  estimated  to  be  37.5  ±  2.7  in  Hill/ 
Bluff,  43.4  ±  2.9  in  Subalpine,  and  39.2  ±  2.5  in 
Alpine.  Given  our  total  survey  effort,  predicted 
species  richness  for  the  entire  Preserve  was 
estimated  to  be  110.0  ±5.1  species. 

Species  composition  varied  among  landforms 
relative  to  elevation,  and  similarity  between  pairs 
of  landforms  ranged  from  0.63  to  0.99  based  on 
the  Chao-Jaccard  estimator  (Fig.  3).  Composition 
was  most  disparate  between  the  Floodplain/ 
Terrace  and  Alpine  landforms  and  similar  among 
the  mid-elevation  landforms.  The  lakes,  streams, 
and  seasonal  waterbodies  in  the  Floodplain/ 
Terrace  landform  within  the  Preserve  hosted 
many  waterfowl,  loons,  grebes,  shorebirds,  and 
wetland-associated  passerines  that  were  largely 
absent  from  other  landforms  (Appendix).  Ruffed 
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Grouse  ( Bonasa  umbellus)  and  Sharp-tailed 
Grouse  ( Tympanuchus  phasianellus)  were  found 
exclusively  in  this  landform.  The  Hill/Bluff 
landform  supported  more  raptors  and  woodpeck¬ 
ers  than  the  other  landforms.  The  Subalpine 
landform  was  distinguished  by  its  high  diversity 
of  shorebirds  and  sparrows,  and  provided  the  only 
observations  of  Smith’s  Longspur  ( Calcarius 
pictus).  The  Alpine  landform  hosted  a  unique 
complement  of  montane-nesting  species  such  as 
Northern  Wheatear  ( Oenanthe  oenanthe),  Surfbird 
(. Aphriza  virgata),  and  Rock  Ptarmigan  ( Lagopus 
muta). 

Densities  and  Population  Sizes  of  Passerines. — 
Estimated  breeding  densities  of  the  23  most 
common  migrant  passerines  in  the  Preserve 
ranged  from  0.007  to  1.392  adults/ha  (Table  1) 
with  estimated  population  sizes  totaling  7.1 
million  birds  across  the  Preserve  (6. 6-7. 6  million, 
95%  Cl).  Densities  of  the  five  most  common 
resident  species,  which  included  family  groups 
and  nonbreeding  adults  as  well  as  breeding  birds, 
ranged  from  0.053  to  0.441  birds/ha  with 
estimated  population  sizes  totaling  1.2  million 
individuals  across  the  Preserve  at  the  time  of  the 
surveys  (0.8- 1.8  million,  95%  Cl).  Sparrows  and 
allied  emberizid  species  were  most  abundant 
among  the  families  represented,  totaling  an 
estimated  3.1  million  adults.  These  were  followed 
by  wood-warblers  (2.0  million)  and  thrushes  (1.2 
million).  The  most  abundant  species  were  Yellow- 
rumped  Warblers  and  Dark-eyed  Juncos  ( Junco 
hyemalis),  which  together  accounted  for  41%  of 
the  migrant  passerine  populations  estimated. 
White-winged  Crossbills  ( Loxia  leucoptera\ 
443,000  individuals)  were  the  most  abundant 
resident  passerine,  followed  by  Boreal  Chickadee 
(. Poecile  hudsonica;  307,000)  and  Gray  Jay 
(229,000). 

Overall  breeding  densities  among  the  23 
species  of  migrant  passerines  were  highest  in  the 
Subalpine  landform  (9.6  ±  0.6  adults/ha)  ( x  ± 
SE).  These  were  27%  higher  than  densities  in  the 
Hill/Bluff  landform  (7.6  ±  0.4)  and  almost  double 
those  in  the  Alpine  landform  (5.5  ±  0.5)  and  at 
lower  elevations  (Floodplain/Terrace:  5.7  ±  0.6; 
Lowlands:  6.0  ±  0.5;  Table  2).  Most  migrant 
species  (13  of  23)  were  detected  in  all  landforms 
and  had  more  than  10-fold  differences  in  densities 
across  landforms  (Table  2).  The  Subalpine  and/or 
Alpine  landforms  supported  higher  (all  P  <  0.05) 
densities  than  other  landforms  for  five  species: 
Horned  Lark,  American  Pipit,  American  Tree 


Sparrow,  White-crowned  Sparrow  ( Zonotrichia 
leucophrys),  and  Lapland  Longspur  ( Calcarius 
lapponicus).  Northern  Waterthrush  ( Seiurus  nove- 
boracensis)  and  Lincoln’s  Sparrow  ( Melospiza 
lincolnii)  were  largely  restricted  to  the  Floodplain/ 
Terrace  landform.  Most  of  the  remaining  migrant 
species  were  broadly  distributed  outside  of  the 
Alpine  landform  (Table  2).  The  five  most  com¬ 
mon  resident  passerines  were  broadly  distributed 
across  all  landforms  except  Alpine  with  overall 
densities  ranging  from  2.0  ±  0.5  birds/ha  in  the 
Floodplain/Terrace  landform  to  0.19  ±  0.05  birds/ 
ha  in  Alpine  areas  (Table  2). 

DISCUSSION 

Species  Composition. — The  breeding  avifauna 
of  Yukon-Charley  Rivers  National  Preserve  was 
dominated  numerically  by  passerines  as  a  group 
and  by  a  few  species  in  particular,  which  is 
characteristic  of  many  boreal  communities  (Ers- 
kine  1977).  The  absence  from  the  Preserve  of 
several  passerines  that  breed  commonly  in  nearby 
regions  reflects  the  unique  glacial  history  and 
physiography  of  the  region.  The  Yukon-Tanana 
Uplands,  which  encompass  the  Preserve,  are 
isolated  from  the  Pacific  Coast  by  two  high- 
elevation  mountain  ranges  that  are  still  heavily 
glaciated  (Wrangell  and  St.  Elias  mountains).  The 
avifauna  of  the  Preserve  lacks  many  of  the  species 
found  400  km  to  the  south  where  boreal  and 
coastal  biogeographic  zones  converge  along  the 
Alaska-Canada  border  (Danby  2003).  The  only 
species  to  occur  in  the  Preserve  that  are 
characteristic  of  Pacific  coastal  forests  are  those 
that  have  cordilleran  associations,  such  as  Varied 
Thrush  ( Ixoreus  naevius),  Townsend’s  Solitaire 
( Myadestes  townsendi)  and  Townsend’s  Warbler 
( Dendroica  townsendi). 

The  Canadian  Cordillera  constitutes  a  second 
barrier  to  range  expansion  for  many  species, 
particularly  New  World  warblers.  This  group 
includes  several  complementary  taxa  east  and 
west  of  the  Canadian  Rockies  (Erskine  1977)  that 
are  thought  to  have  originated  from  geographic 
isolation  during  Pleistocene  glaciations  (Mengel 
1964,  Avise  and  Walker  1998,  Johnson  and 
Cicero  2004).  Absent  from  the  Preserve  were  10 
species  of  warblers  and  several  other  species  of 
passerines  with  more  eastern  affiliations  that  were 
found  commonly  1,000  km  distant  in  boreal 
forests  east  of  the  Canadian  Rockies  in  the  Liard 
Valley,  Northwest  Territories  (Machtans  and 
Latour  2003).  Passerine  diversity  declines  in  a 


function;  for  migrant  species  also  excludes  any  females  or  juveniles). 
b  Coefficient  of  variation  of  density  estimate. 
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parallel  pattern  towards  the  northeastern  limits  of 
the  Canadian  taiga  in  Quebec  and  Labrador, 
where  the  avifauna  is  strikingly  similar  to  that 
of  the  Preserve  (Crete  et  al.  1995,  Simon  et  al. 
2000). 

At  five  sites  studied  in  interior  Alaska  and 
northwestern  Canada  within  500  km  of  the 
Preserve,  Yellow-rumped  Warblers  and  sparrows 
of  the  family  Emberizidae  were  similarly  abun¬ 
dant  although  which  sparrow  species  predominat¬ 
ed  was  variable  (Theberge  1976,  Spindler  and 
Kessel  1980,  Paton  and  Pogson  1996,  Kessel 
1998,  Matsuoka  et  al.  2001).  Notable  discrepan¬ 
cies  in  species’  predominance  among  other 
taxonomic  groups  reflected  altitudinal,  latitudinal, 
and  longitudinal  differences.  For  example,  the 
cordilleran-associated  Hammond’s  Flycatcher 
( Empidonax  hammondii)  was  more  abundant  in 
the  Preserve  than  either  Alder  Flycatcher  ( E . 
alnorum)  or  Olive-sided  Flycatcher  ( Contopus 
cooperi ),  which  predominated  at  the  other  sites. 
Gray-cheeked  Thrushes  ( Catharus  minimus )  were 
more  abundant  in  the  more  northerly  portion  of 
the  Preserve  than  Swainson’s  Thrushes  (C. 
ustulatus ),  which  dominated  elsewhere.  Our 
single  record  of  a  singing  male  Arctic  Warbler 
( Phylloscopus  borealis),  an  Old  World  species 
common  in  central  and  western  Alaska  (Kessel 
and  Gibson  1978,  Paton  and  Pogson  1996), 
suggests  the  Preserve  is  along  the  eastern  fringe 
of  breeding  range  of  this  species  (cf.  Benson  et  al. 
2000). 

Diversity  and  abundance  of  species  were  also 
governed  by  specific  landscape  features  of  the 
Preserve.  Many  species  were  closely  associated 
with  particular  habitat  types,  which  varied  across 
ecological  units  and  landforms  of  the  Preserve 
(Swanson  and  Swanson  2007).  The  Floodplain/ 
Terrace  landform  was  the  most  ecologically 
diverse  in  floristic  and  structural  complexity, 
and  supported  significantly  higher  avian  species 
richness  than  any  other  landform  in  the  Preserve 
albeit  not  the  highest  densities.  The  Yukon  River 
provides  a  narrow,  natural  corridor  that  funnels 
birds  into  Alaska  from  extensive  boreal  forests  of 
Canada  through  the  Canadian  Cordillera  (Sinclair 
et  al.  2003),  and  likely  has  served  as  a  conduit  for 
recent  range  expansions  of  several  species  includ¬ 
ing  Yellow-bellied  Flycatchers  ( Empidonax  flavi- 
ventris',  Benson  et  al.  2000,  Sinclair  et  al.  2003) 
and  Least  Flycatchers  ( E .  minimus ;  Gibson  and 
Kessel  1992).  Floodplain  forests  are  among  the 
richest  habitats  for  birds  across  the  boreal  zone  of 


North  America,  largely  due  to  their  varied  nature 
and  high  fertility  from  annual  spring  run-off 
(Erskine  1977).  Many  wetland-associated  species 
recorded  in  the  Floodplain/Terrace  landform  were 
largely  absent  from  other  landforms.  Other  studies 
in  northwestern  boreal  forests  have  also  found 
relatively  high  species  richness  or  densities  in 
lowland  riparian  habitats,  including  willow  shrub 
thickets  in  the  Kluane  Mountains  (Theberge 
1976),  tall  shrub  thickets  in  the  upper  Tanana 
River  Valley  (Spindler  and  Kessel  1980),  and 
cottonwood  (Populus  spp.)  forests  of  the  Susitna 
River  Basin  (Kessel  1998). 

The  avian  communities  of  the  low-  to  mid¬ 
elevation  Lowland  and  Hill/Bluff  landforms  were 
strikingly  similar  and  shared  many  species  from 
the  Floodplain/Terrace  landform.  Many  of  these 
species  are  considered  ecological  generalists, 
which  may  predominate  in  areas  that  provide  a 
broad  structural  resource  base  but  have  not  yet 
been  saturated  relative  to  the  colonization  process 
(Finch  1989).  The  Hill/Bluff  landform  was 
unique,  however,  in  the  large  number  of  species 
of  raptors  and  woodpeckers  supported.  Steeper 
topographic  relief  of  cliffs  and  bluffs  provide  nest 
sites  and  thermals  suitable  for  many  raptors. 
Frequent  and  large  fires  have  created  expansive 
stands  of  dead  trees  attractive  to  woodpeckers  for 
foraging  and  nest  sites. 

The  intermediate  level  of  species  richness  in  the 
Subalpine  landform  was  expected  because  it  had 
shrub  habitats  that  were  structurally  more  com¬ 
plex  than  alpine  tundra  but  included  only  fringes 
of  forest.  We  were  surprised,  however,  to  find  the 
highest  densities  of  birds  in  this  landform.  This 
increase  was  due  largely  to  higher  densities  of  the 
same  species  found  at  lower  elevations  and  did 
not  result  from  adjustments  for  detection  proba¬ 
bilities.  Density  often  parallels  species  richness 
along  elevational  gradients,  declining  steadily 
upslope  (Finch  1989,  Kessel  1998).  Species 
richness  and  density  in  other  regions  of  the  boreal 
forest  zone,  however,  have  been  variably  related 
to  moisture,  invertebrate  abundance,  forest  spe¬ 
cies  composition,  understory  vegetation  structure, 
and  successional  stage  (Crete  et  al.  1995;  Kirk  et 
al.  1996;  Welsh  and  Loughheed  1996;  Willson 
and  Comet  1996a,  b;  Hobson  and  Schieck  1999; 
Imbeau  et  al.  1999;  Hobson  and  Bayne  2000; 
Hobson  et  al.  2000;  Machtans  and  Latour  2003). 
A  few  other  areas  in  the  northwestern  boreal  zone 
have  also  reported  high  abundances  of  birds  in 
shrub  habitats.  Densities  in  upland  willow  shrubs 
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were  second  only  to  those  in  lowland  willow 
shrubs  in  the  Kluane  Mountains  in  southwestern 
Yukon  (Theberge  1976),  and  low-medium  shrubs 
had  the  highest  avian  abundance  of  all  habitats 
surveyed  in  Denali  National  Park  in  central 
Alaska  (Paton  and  Pogson  1996).  Subalpine  areas 
in  the  boreal  region  clearly  provide  important 
habitat  for  birds,  particularly  Emberizid  sparrows, 
and  deserve  further  study. 

The  low  species  richness  and  densities  in  the 
Alpine  landform  of  the  Preserve  reflect  a  pattern 
that  has  been  universally  found  in  other  studies  in 
the  region  (Theberge  1976,  Erskine  1977,  Paton 
and  Pogson  1996,  Kessel  1998).  Declines  in  avian 
diversity  with  increasing  elevation  have  been 
attributed  primarily  to  decreasing  structural  com¬ 
plexity  of  the  plant  community  (Mac Arthur  1965, 
Finch  1989,  Kessel  1998).  The  Alpine  landform 
was  notable,  however,  for  its  unique  avifauna, 
which  included  many  species  found  rarely  in  other 
landforms,  if  at  all.  Current  distributions  of  the 
montane-nesting  passerines  and  shorebirds  in  this 
landform  have  been  linked  to  tundra-type  habitats 
of  the  Beringian  glacial  refugium  (Jehl  1968, 
Kischinskii  1976,  Connors  1983,  Gill  and  Tom- 
kovich  2004)  that  had  included  most  of  the 
Preserve  during  the  Late  Wisconsinan  Period 
(ca.  30-10  ka  BP;  Weber  1986,  Kaufman  and 
Manley  2004). 

Among  the  curves  for  predicted  species  rich¬ 
ness,  only  those  for  the  Alpine  and  Subalpine 
landforms  appeared  to  be  approaching  an  asymp¬ 
tote.  Thus,  point-transect  surveys  alone  were 
inadequate  to  characterize  the  composition  of 
the  avifauna  in  the  other  landforms,  given  our 
level  of  effort.  Recording  auxiliary  observations 
between  and  after  point-transect  surveys,  howev¬ 
er,  allowed  us  to  document  the  presence  of  many 
more  species.  The  total  number  of  species 
observed  using  the  combined  techniques  was 
highly  concordant  with  the  predicted  species 
richness  for  each  landform  as  estimated  from  the 
point-transect  surveys,  suggesting  that  most 
species  missed  during  the  counts  were  detected 
between  or  after  them.  Auxiliary  observations 
were  particularly  useful  for  documenting  the 
distribution  of  waterfowl  and  raptors.  These 
species  were  not  surveyed  well  with  point-transect 
methodology  due  to  their  association  with  patchy 
landscape  features  and  due  to  the  diurnal  timing  of 
the  surveys.  We  could  have  further  increased  the 
efficiency  of  our  sampling  design  by  allocating  a 
greater  proportion  of  sampling  effort  to  landforms 


with  higher  expected  species  richness,  such  as  the 
Floodplain/Terrace  landform. 

Density  Estimates. — Our  landscape-wide  densi¬ 
ties  for  all  23  species  of  boreal  migrants  were 
within  ranges  presented  from  other  studies  in 
central  Alaska  and  northwestern  Yukon  derived 
using  either  point-transect  surveys  (Matsuoka  et 
al.  2001)  or  spot-mapping  of  territorial  singing 
males  (Theberge  1976,  Spindler  and  Kessel  1980, 
Kessel  1998)  on  plots  selected  within  specific 
habitat  types.  Thus,  we  consider  these  reasonable 
estimates  of  breeding  adults  across  the  Preserve 
although  we  have  no  measure  of  “true”  breeding 
density  to  confirm  this  assumption  (cf.  Buckland 
2006,  Johnson  2008).  Our  estimates  of  densities 
for  Boreal  Chickadees,  Gray  Jays,  and  redpolls 
(i Carduelis  spp.)  were  also  within  the  ranges 
presented  for  other  habitat-specific  surveys  of 
the  region  (Theberge  1976,  Spindler  and  Kessel 
1980,  Kessel  1998,  Matsuoka  et  al.  2001).  Pine 
Grosbeaks  and  White-winged  Crossbills  in  most 
of  these  other  studies  either  did  not  occur  or  were 
considered  non-breeding  visitors  and  comparative 
densities  were  not  available. 

We  found  it  important  to  adjust  raw  counts  for 
detection  probabilities,  as  have  many  other 
studies  (Nichols  et  al.  2000,  Farnsworth  et  al. 
2002,  Rosenstock  et  al.  2002,  Thompson  2002, 
Norvell  et  al.  2003,  Diefenbach  et  al.  2007). 
Unadjusted  counts  can  be  used  to  monitor 
changes  in  population  size  of  individual  species 
if  the  indices  remain  comparable  across  time 
(Hutto  and  Young  2002,  2003;  Johnson  2008), 
although  this  condition  can  be  difficult  to  ensure. 
We  found  that  detection  adjustments  were 
particularly  important  to  obtain  point  estimates 
of  population  size  and  to  compare  densities 
among  species,  primarily  because  of  differences 
in  loudness  of  song.  For  example,  we  recorded 
almost  10  times  as  many  Swainson’s  Thrushes 
during  surveys  as  Hammond’s  Flycatchers  but 
estimates  of  density  corrected  for  detection 
probability  were  higher  by  a  factor  of  only  1 .4. 
We  found  it  less  important  to  account  'for  the 
probability  that  a  bird  was  available  to  be 
detected  (i.e.,  was  able  to  be  seen  or  heard, 
given  that  it  was  present  during  the  8-min  survey) 
for  migrant  species  surveyed  during  peak  periods 
of  singing.  Our  estimates  of  this  component  of 
detection  probability  (pavan)  for  these  species 
were  high  (0.80-1 .0)  and  comparable  to  those  for 
temperate  forest  birds  during  10-min  counts 
(Farnsworth  et  al.  2002). 
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Lower  estimates  of  pavau  for  resident  species 
(0.44-0.85)  likely  resulted,  at  least  in  part,  from 
lower  rates  of  vocalization,  which  reflected 
earlier  breeding  of  residents  relative  to  migrant 
species.  Some  resident  birds  during  our  seasonal 
survey  window  were  already  in  family  groups 
(e.g..  Boreal  Chickadee,  Gray  Jay)  and  others 
showed  no  evidence  of  nesting  (e.g..  Pine 
Grosbeak,  White-winged  Crossbill).  We  recom¬ 
mend  recording  detections  in  multiple  time 
intervals  to  model  heterogeneity  in  rates  of 
vocalization  related  to  timing  of  breeding  if 
multiple  surveys  are  precluded  (Farnsworth  et  al. 
2002).  The  length  of  the  total  count  period  should 
be  sufficiently  short  to  minimize  undetected 
movements,  which  can  result  in  positive  bias 
due  either  to  double-counting  or  random  move¬ 
ments  closer  to  the  count  location  (Buckland  et 
al.  2001,  Buckland  2006).  We  found  Gray  Jays  to 
be  particularly  curious  and  attracted  to  observers. 
We  were  careful  to  record  the  distance  to  the  first 
detected  position,  although  infrequent  vocaliza¬ 
tions  of  resident  birds  could  have  allowed 
undetected  movements  and  resulted  in  density 
estimates  that  were  positively  biased  due  to 
inflated  estimates  of  both  Pdetea  and  P avail-  Count 
durations  of  10-min  may  be  too  long  for  species 
surveyed  when  they  are  in  highly  mobile  and  less 
vocal  family  groups. 

Densities  of  resident  passerines  were  difficult 
to  compare  directly  with  those  of  migrant  species 
because  of  the  unknown  proportions  of  breeding 
and  nonbreeding  adults  and  juveniles  present 
among  resident  species  at  the  time  of  our  surveys. 
Individuals  of  some  species  are  distinguishable 
visually  by  age  (e.g.,  Gray  Jay)  and/or  gender 
(e.g..  White-winged  Crossbill;  Pyle  1997)  but 
many  detections  were  only  by  ear.  Large  numbers 
of  crossbills  and  redpolls  were  recorded  flying 
over  the  area  during  counts  but  excluded  from  our 
analyses;  including  birds  that  moved  into  the 
survey  area  would  have  inflated  estimates  of 
density  (Buckland  et  al.  2001).  We  should  have 
included  the  small  proportion  of  these  present  in 
the  area  during  an  “instantaneous”  snapshot  (cf. 
Buckland  2006);  excluding  all  flyovers  likely 
resulted  in  estimates  of  density  that  were  biased 
slightly  low  for  these  species.  We  are  uncertain 
for  these  reasons  about  the  reliability  of  our 
density  estimates  for  resident  species.  We  urge 
caution  in  estimating  densities  of  any  passerines 
surveyed  outside  of  the  time  of  territorial 
establishment  and  peak  vocalization  rates. 


We  found  variable  results  among  species  when 
we  compared  our  density  estimates  from  the 
Preserve  with  regional  density  estimates  for  the 
Northwestern  Interior  Forests  Bird  Conservation 
Region  (BCR  4).  These  estimates  were  derived 
from  population  sizes  in  the  Partners  in  Flight 
Population  Estimates  Database  (calculated  as 
BBS  population  estimate/range  within  BBS  esti¬ 
mate;  http://www.rmbo.org/pif_db/laped/about. 
aspx;  Blancher  et  al.  2007).  Some  estimates  were 
comparable,  particularly  given  the  variability  of 
densities  we  documented  relative  to  landscape  and 
habitat  features.  Densities  of  Alder  Flycatcher  and 
Swainson’s  Thrush  in  the  Preserve  (0.089/ha  and 
0.243/ha,  respectively)  were  similar  to  BCR  4 
estimates  from  the  BBS  data  (0.091/ha  and  0.210/ 
ha).  However,  for  other  species,  differences  were 
so  large  as  to  question  the  validity  of  the 
estimation  process  by  Rosenberg  and  Blancher 
(2005).  Our  estimates  of  density  for  Dark-eyed 
Juncos  (1.512/ha)  and  Yellow-ramped  Warblers 
(1.392/ha)  were  3.1  and  6.6  times  greater  than  the 
BCR  4  estimates  (0.490/ha  and  0.210/ha,  respec¬ 
tively). 

These  discrepancies  highlight  the  need  to 
validate  the  species-specific  adjustment  factors 
used  by  Blancher  et  al.  (2007),  particularly  the 
effective  detection  distance,  to  which  density 
estimates  of  boreal  migrants  are  the  most 
sensitive.  In  addition,  extrapolating  across  large, 
unsampled  areas  of  the  boreal  region  could  result 
in  significant  errors  in  density  estimates.  Our 
results  suggest  that  models  that  are  spatially 
explicit  and  based  on  landscape  and  habitat 
features  would  provide  more  accurate  and  more 
precise  estimates  of  density  and  population  size 
than  those  currently  used.  Estimating  population 
sizes  of  resident  landbirds  and  possibly  some 
shorebirds  would  benefit  most  from  implementing 
another  survey  earlier  in  the  season  during  peak 
territorial  establishment;  a  late-winter  nocturnal 
survey  would  be  necessary  to  detect  most  owls 
(cf.  Swanson  and  Nigro  2000). 

Several  studies  have  documented  recent  north¬ 
ward  shifts  in  breeding  distributions  of  birds  in 
North  America  and  Europe  possibly  linked  to 
global  climate  change  (Thomas  and  Lennon  1999, 
Brommer  2004,  Hitch  and  Leberg  2007).  Our 
study  and  others  (Gibson  and  Kessel  1992, 
Benson  et  al.  2000,  Erwin  et  al.  2004)  have 
documented  recent  range  expansions  of  several 
species  into  interior  Alaska.  Changes  in  vegeta¬ 
tion  in  direct  or  indirect  response  to  climate 
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change  may  be  significant  at  high  latitudes  during 
this  century,  including  increases  in  shrub  growth, 
conversion  of  tundra  to  forest,  alterations  of 
wetlands,  changes  in  species  composition,  and 
changes  in  the  frequency  and  scale  of  fires, 
disease,  and  insect  outbreaks  (Rupp  et  al.  2000, 
2001;  McGuire  et  al.  2003;  Chapin  et  al.  2004; 
Edwards  et  al.  2005;  Juday  et  al.  2005).  Yukon- 
Charley  Rivers  National  Preserve  occupies  a 
pivotal  location  at  the  latitudinal  and  elevational 
ecotone  between  boreal  forest  and  tundra,  and 
data  collected  during  this  study  will  provide  a 
baseline  for  monitoring  changes  in  avian  distri¬ 
bution  and  abundance.  Parallel  studies  across  the 
boreal  zone  of  North  America  would  enable 
landscape-wide  monitoring  of  a  suite  of  species 
whose  populations  may  be  particularly  vulnerable 
to  such  changes. 
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A  single  Blue-headed  Vireo  was  recorded  singing  on  17  June  1999  in  the  Yukon  River  floodplain  near  Weshrinarin  Creek.  This  record  was  not  confirmed  visually  and  is  considered  hypothetical. 
All  redpolls  identified  to  species  were  Common  Redpolls  although  Hoary  Redpolls  ( Carduelis  hornemanni)  were  recorded  in  the  Preserve  during  winter  (Swanson  and  Nigro  2000). 
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BREEDING  BIRD  RESPONSE  TO  FIELD  BORDER  PRESENCE 

AND  WIDTH 

ROSS  R.  CONOVER,135  L.  WES  BURGER  JR.,1 2 3  AND  ERIC  T.  LINDER4 5 

ABSTRACT. — Avian  communities  can  benefit  from,  reconstructed  herbaceous,  strip  habitats  among  agriculture; 
however,  any  benefits  may  be  limited  by  width-dependent  factors  such  as  edge  effects.  We  used  2  years  of  strip-transect 
surveys  to  evaluate  avian  density,  richness,  and  conservation  value  between  non-,  narrow  (mean  width  =  8.2  m),  and  wide 
(mean  width  =  40.7  m)  field  borders  on  intensive  row-cropped  field  margins'  in  the  agriculture-dominated  Mississippi 
Alluvial  Valley.  Wide  field  borders  supported  two  times  more  birds  (7.0  birds/0.2  ha)  than  narrow  borders  (3.6  birds/ 
0.2  ha),  which  supported  six  times  more  birds  than  no  border  (0.6  birds/0.2  ha).  Mean  bird  species  richness  was  over  five 
times  greater  in  bordered  (0.80-1.10  species/0.2  ha)  than  non-bordered  margins  (0.14  species/0.2  ha),  but  was  largely 
uninfluenced  by  border  width.  We  documented  more  bird  use  of  agricultural  fields  and  wooded  fencerows  adjacent  to 
bordered  than  non-bordered  margins.  Red-winged  Blackbirds  ( Agelaius  phoeniceus)  and  Dickcissels  ( Spiza  americana)  had 
the  strongest  positive  response  to  field  border  presence  and  width.  Wide  borders  attracted  high  densities  (2.0  birds/0.2  ha) 
of  Dickcissels,  an  edge-sensitive  species,  suggesting  the  conservation  potential  of  herbaceous  vegetation  patches  <50  m  of 
wooded  edges  for  grassland  birds.  Extensive  implementation  of  field  borders,  particularly  of  enhanced  width,  may 
contribute  substantially  to  grassland  bird  conservation  strategies  in  intensive,  agricultural  landscapes,  although  confirmation 
of  these  benefits  requires  additional  demographic  information.  Received  20  June  2008.  Accepted  27  February  2009. 


Grassland  birds  have  exhibited  more  significant 
and  consistent  population  declines  than  any  other 
avian  guild  highlighting  the  urgency  for  conser¬ 
vation  action  (Peterjohn  and  Sauer  1999,  Brennan 
and  Kuvlesky  2005).  These  declines  in  the  United 
States  have  largely  resulted  from  extensive 
degradation  of  midwestern  native  grasslands 
(Johnson  and  Schwartz  1993,  Samson  and  Knopf 
1994,  Warner  1994,  Noss  et  al.  1995)  and 
conversion  of  native  habitats  to  row-crop  agricul¬ 
ture  (Herkert  1994).  Grassland  birds  in  agricul¬ 
tural  landscapes  are  largely  reliant  on  non-crop, 
strip  habitats  for  food,  nest  sites,  song  perches, 
and  escape  cover  (Rodenhouse  et  al.  1993,  Best 
2000).  However,  the  diversified  farming  tech¬ 
niques  and  small  farm  fields  that  historically 
facilitated  strip  habitat  on  farmlands  (Warner 
1994)  have  been  largely  replaced  with  modern 
techniques  that  promote  crop  intensification  to 
maximize  yield.  These  land-use  alterations  have 
contributed  to  declines  in  grassland  bird  popula¬ 
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tions  through  reduced  presence  of  weedy,  strip- 
habitats  (Herkert  1995). 

The  Conservation  Reserve  Program  (CRP) 
helped  stabilize  many  avian  populations  by 
providing  suitable  wildlife  habitat  on  private  lands, 
although  some  species  have  continued  to  decline 
(Ryan  et  al.  1998).  The  Dickcissel  (scientific 
names  in  Table  1)  was  of  particular  concern  having 
endured  population  sinks  in  some  CRP  habitats 
(McCoy  et  al.  1999).  Conservation  buffers  are  an 
effort  to  increase  habitat  options  and  enhance 
wildlife  benefits  through  federal  Farm  Bill  pro¬ 
grams  such  as  CRP.  Conservation  buffers  are  non¬ 
crop  strips  of  vegetation  that  enhance  soil  and 
water  quality,  and  provide  suitable  wildlife  habitat 
(Best  2000).  Whereas  most  conservation  buffers 
are  restricted  to  riparian  zones,  CP33-Habitat 
Buffers  for  Upland  Birds  (hereafter,  field  borders) 
are  non-crop,  linear  strips  of  herbaceous  vegetation 
that  target  grassland  birds  in  upland  habitats 
(Burger  et  al.  2006).  Field  borders  benefit  the 
avian  community  year-round  by  providing  nesting 
habitat,  foraging  habitat,  roosting  sites,  movement 
corridors,  and  escape  cover  (Marcus  et  al.  2000, 
Conover  2005,  Smith  et  al.  2005,  Conover  et  al. 
2007).  The  contribution  of  herbaceous  strips  to 
adjacent  plant  communities  may  also  enhance 
avian  benefits  on  agriculture-wooded  field  eco- 
tones,  where  avian  abundances  are  typically 
elevated  (Best  et  al.  1 990).  The  vegetative  diversity 
in  strip  habitats  can  provide  other  environmental 
benefits,  including  increased  avian  diversity  (Ro- 
tenberry  1985,  Bryan  and  Best  1994),  greater 
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TABLE  1.  Mean  bird  densities"  (no.  birds/0.2  ha  ±  SE)  in  descending  order  of  overall  relative  abundance  (RA)  and 
taxonomically  for  species  of  equal  RA  in  the  field  border  zone  for  non-,  narrow,  and  wide-bordered  field  margin  treatments 
during  2003-2004  in  the  Mississippi  Alluvial  Valley. 

Field  margin  treatment 

Species  RA  Non  Narrow  Wide 


Red-winged  Blackbird,  Agelaius  phoeniceus  0.500 

Dickcissel,  Spiza  americana  0.128 

Northern  Cardinal,  Cardinalis  cardinalis  0.113 

Indigo  Bunting,  Passerina  cyanea  0.080 

Mourning  Dove,  Zenaida  macroura  0.048 

Common  Grackle,  Quiscalus  quiscula  0.021 

Blue  Jay,  Cyanocitta  cristata  0.018 

Yellow-billed  Cuckoo,  Coccyzus  americanus  0.012 

Brown-headed  Cowbird,  Molothrus  ater  0.012 

Ruby-throated  Hummingbird,  Archilochus 

colubris  0.009 

Eastern  Meadowlark,  Sturnella  magna  0.009 

Northern  Bobwhite,  Colinus  virginianus  0.006 

Northern  Mockingbird,  Mimus  polyglottus  0.006 

Red-tailed  Hawk,  Buteo  jamaicensis  0.003 

Wild  Turkey,  Meleagris  gallopavo  0.003 

Killdeer,  Charadrius  vociferus  0.003 

Great-crested  Flycatcher,  Myiarchus  crinitus  0.003 

Homed  Lark,  Eremophila  alpestris  0.003 

Carolina  Chickadee,  Poecile  carolinensis  0.003 

Carolina  Wren,  Thryothorus  ludovicianus  0.003 

American  Robin,  T urdus  migratorius  0.003 

Brown  Thrasher,  Toxostoma  rufum  0.003 

Blue  Grosbeak,  Guiraca  caerulea  0.003 

Painted  Bunting,  Passerina  ciris  0.003 

Eastern  Towhee,  Pipilo  erythrophthalmus  0.003 

Orchard  Oriole,  Icterus  spurius  0.003 


0.119  ±  0.061 

1.686 

+ 

0.345 

4.278 

±  0.925 

0 

0.137 

+ 

0.069 

2.000 

±  0.763 

0.143  ±  0.087 

0.569 

0.132 

0.167 

±  0.121 

0.048  ±  0.033 

0.392 

0.119 

0.278 

±  0.135 

0.143  ±  0.073 

0.157 

0.071 

0.111 

±  0.076 

0.024  ±  0.024 

0.078 

+ 

0.055 

0.111 

±  0.076 

0.071  ±  0.053 

0.059 

0.033 

0 

0 

0.059 

+ 

0.044 

0.056 

±  0.056 

0 

0.078 

0.047 

0 

0 

0.039 

+ 

0.039 

0.056 

±  0.056 

0 

0.039 

HH 

0.028 

0.056 

±  0.056 

0 

0.020 

+ 

0.020 

0.056 

±  0.056 

0 

0.039 

0.028 

0 

0 

0.020 

-F 

0.020 

0 

0 

0.020 

0.020 

0 

0 

0.020 

0.020 

0 

0 

0.020 

0.020 

0 

0 

0.020 

+ 

0.020 

0 

0.024  ±  0.024 

0 

0 

0 

0 

0.056 

±  0.056 

0 

0.020 

+ 

0.020 

0 

0 

0.020 

-F 

0.020 

0 

0 

0 

0.056 

±  0.056 

0 

0.020 

-F 

0.020 

0 

0 

0 

0.056 

±  0.056 

0 

0.020 

+ 

0.020 

0 

a  Bird  density  and  relative  abundance  estimates  include  all  data,  including  line-transects  surveyed  during  only  1  year,  which  were  excluded  from  the  repeated 
measures  ANOVA. 


abundance  of  agronomically-beneficial  insects 
(Marshall  and  Moonen  2002),  and  suppression  of 
agronomic  weeds  (Davison  1941,  Marshall  and 
Moonen  2002). 

The  high  rate  of  field  border  acceptance  by 
landowners  in  35  states  (80%  of  an  available 
101,174  ha  enrolled  in  first  2  years)  heightens  our 
need  to  understand  the  interactions  among  field 
borders,  farmland  wildlife,  and  crop  production. 
Width  is  a  particularly  important  factor  for  bird  use 
of  linear  habitats,  as  it  may  mitigate  their 
vulnerability  to  edge  effects  (Gates  and  Gysel 
1978,  Ratti  and  Reese  1988,  Paton  1994).  Wider 
borders  provide  habitat  farther  from  the  wooded 
edge,  which  can  benefit  birds  that  use  edges  (Paton 
1994)  and  those  that  avoid  them  (Johnson  and 
Temple  1986,  Herkert  1994,  Vickery  et  al.  1994). 
However,  previous  studies  of  grassland  bird 
responses  to  woody  edges  commonly  focused  on 
50  m  thresholds  (Paton  1994,  O’Leary  and  Nyberg 


2000,  Jensen  and  Finck  2004)  and  provide  tenuous 
predictions  for  these  field  borders,  as  all  except  one 
are  <50  m  wide.  The  augmented  field  border  area 
that  results  from  increased  width  can  also  result  in 
enhanced  vegetative  heterogeneity  (Rodenhouse 
and  Best  1983)  and  subsequently,  increased 
avifaunal  density  and  diversity  (Warner  1992). 

Our  primary  study  objectives  investigated  the 
hypotheses  that:  (1)  field  margins  with  borders 
would  have  greater  density  and  richness  than 
without,  and  (2)  wide-bordered  margins  would 
have  greater  avian  density  and  richness  than 
narrow-bordered  margins. 

METHODS 

Study  Area. — We  conducted  fieldwork  on  six 
farms  in  the  lower  Mississippi  Alluvial  Valley 
(MAV;  Bird  Conservation  Region  26;  Sunflower 
County,  MS,  USA)  over  two  consecutive  breeding 
seasons  (May-Jun;  2003-2004).  This  region  was 
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historically  bottomland-hardwood  forest,  and  field 
borders  do  not  constitute  native  habitat  restora¬ 
tion,  but  semi-natural  vegetation  in  a  landscape 
largely  devoid  of  non-crop  vegetation.  All  farms 
were  within  12  km  and  representative  of  the 
MAV  landscape,  which  has  nominal  topographic 
relief  dominated  by  large  (171.14  ±  34.20  ha) 
row-crop  fields  of  soybeans  (58%),  cotton  (16%), 
milo  (10%),  and  other  crops  (16%,  e.g.,  corn, 
wheat,  etc.),  and  fragmented  by  wooded  fence- 
rows  and  linear  riparian  zones  (e.g.,  drainage 
ditches,  rivers,  and  streams).  Agricultural  fields 
had  varied  tillage  (till  and  minimal-till)  regimes, 
although  this  should  not  influence  avian  commu¬ 
nity  patterns  on  field  margins  (Castrale  1985). 
Soil  associations  were  primarily  Dundee  silt  loam 
or  Forestdale  silt  loam,  which  are  stratified 
alluvium  soils  of  fine  to  coarse  texture  with  poor 
to  moderate  drainage  and  varying  acidity  levels 
(Powell  et  al.  1952).  Average  precipitation  over 
3  years  was  highest  during  June  (20.1  cm)  and 
lowest  in  May  (8.7  cm),  and  July  (10.1  cm).  Total 
precipitation  was  somewhat  lower  during  2003 
(39.2  cm)  than  2004  (58.5  cm;  USDA-NRCS 
Beasley  Lake,  MS  weather  station). 

Field  Borders. — Field  borders  were  established 
between  a  wooded  field  margin  (typically  an  old 
fencerow)  that  enclosed  a  drainage  ditch,  and  an 
agricultural  row-crop  field.  Borders  were  planted 
in  spring  2002,  although  adequate  vegetative 
cover  did  not  emerge  until  late  June.  Field  borders 
were  400  m  in  length  and  established  at  either  a 
narrow  (10  m)  or  enhanced  (>30  m)  width.  Our 
sample  of  field  border  segments  was  randomly 
drawn  from  the  population  of  pre-existing  400-m 
border  segments  on  the  properties  of  participating 
landowners.  Control  segments  were  similarly 
drawn  from  the  population  of  non-bordered 
segments  on  these  farms  and  represented  ditch- 
to-ditch,  row-crop  practices  that  typically  lacked 
non-crop,  herbaceous  vegetation.  We  randomly 
placed  control  (non-bordered)  plots  on  field 
margins  with  predetermined  similarity  of  land¬ 
scape  context  (e.g.,  adjacent  to  a  wood  line  with 
drainage  ditch  and  crop  field)  and  in  similar 
proportions  of  field  border  samples  per  farm. 
Farm  operators  were  instructed  not  to  disturb 
(mow,  burn,  treat  with  chemicals,  drive  on,  or 
disk)  field  borders  during  the  study.  This  failed  to 
prevent  some  border  destruction,  which  resulted 
in  slightly  altered  border  widths  and  sample  sizes 
between  years,  of  which  we  supplemented  for  the 
wide  treatment  in  2004.  Field  margin  (x  ±  SE 


width)  treatments  included  non-bordered  (2003:  n 
=  21;  2004:  n  =  21),  narrow-bordered  (2003:  8.5 
±  0.4  m,  n  =  27;  2004:  7.3  ±  0.5  m,  n  =  24),  and 
wide-bordered  (2003:  38.9  ±  2.7  m,  n  =  7;  2004: 
44.3  ±  1.4  m,  n  =  11)  margins.  Individual  border 
widths  were  averaged  using  five  independent 
measurements  at  equidistant  intervals.  Narrow 
border  widths  (Jc  "±  SE)  (8.2  ±  0.3  m)  ranged 
from  5.8  to  1 1.7  rq  (mean  CV  =  0.22)  and  wide 
border  widths  (40.7  ±  3.0  m)  ranged  from  19.7  to 
56  m  (mean  CV  =  0.18). 

Experimental  field  borders  were  planted  with  a 
mixture  of  Indian  grass  ( Sorghastrum  nutans ), 
little  bluestem  ( Schizachyrium  scoparium),  big 
bluestem  ( Andropogon  gerardii),  partridge  pea 
(Chamaecrista  fasciculata),  and  kobe  lespedeza 
(. Lespedeza  striata).  The  floral  composition  of 
field  borders  was  more  diverse  than  planting 
mixtures,  and  included  horsetail  ( Conyza  cana¬ 
densis),  vervain  ( Verbena  sp.),  Bermuda  grass 
( Cynodon  dactylon),  johnsongrass  ( Sorghum  ha- 
lepense),  goldenrod  ( Solidago  spp.),  common 
ragweed  ( Ambrosia  artemisiifolia),  giant  ragweed 
(A.  trifida),  poison  ivy  ( Toxicodendron  radicans ), 
curly  dock  ( Rumex  crispus),  and  Rubus  spp.  Field 
borders  with  substantive  annual  grass  competition 
(primarily  johnsongrass)  during  the  establishment 
year  were  treated  with  the  selective  herbicide 
Imazapic  (Plateau,  ®  0.29  1/ha)  to  control  compe¬ 
tition  and  promote  growth  of  planted  native 
warm-season  grasses.  Herbicide  applications  had 
relatively  minor  effects,  aside  from  competition 
control,  on  total  vegetative  composition  or 
structure  and  tended  to  reduce  heterogeneity 
among  planted  borders  (Conover  2005). 

Community  Assessment. — The  avian  communi¬ 
ty  was  surveyed  during  two  breeding  seasons 
(May-Jun,  2003-2004)  using  line-transect  sur¬ 
veys  (Buckland  et  al.  2001).  Transects  were  paced 
evenly  for  10  min  over  a  200-m  length  with 
a  1 00  m  buffer  between  transects  to  reduce  repeat 
counts.  Two  individuals,  pre-trained  to  visually 
and  acoustically  detect  all  birds  in  the  study 
region,  conducted  transect  surveys  with  one 
observer  executing  >95%  of  transects  to  reduce 
observer  bias.  Both  observers  spent  a  minimum  of 
15  days  confirming  bird  identifications  and  de¬ 
tection  distances  at  field  sites  prior  to  survey 
initiation.  Distance  estimation  was  practiced  with 
pre-measured  field  tape  placed  throughout  the 
survey  zone  and  using  a  rangefinder.  We  surveyed 
transects  within  3  hrs  post-sunrise  (CST)  on  days 
with  no  precipitation  and  wind  <12  km/hr. 
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Surveys  were  conducted  on  the  same  field  borders 
twice  each  breeding  season,  once  during  the  latter 
half  of  each  month  (May  and  Jun)  over  2  years. 
Flyover  observations  were  not  included,  as  their 
detection  was  not  likely  associated  with  field 
border  presence.  We  recorded  all  birds  within 
30  m  of  both  sides  of  the  transect  line,  which 
included  three  habitat-delineated,  field  margin 
zones:  field  border  (FBZ),  agriculture,  and 
wooded  zones.  The  FBZ  represented  both  the 
treatment  and  control,  and  was  a  10-m  wide  strip 
between  the  wooded  edge  and  crop  field  that 
included  herbaceous  vegetation  for  narrow  and 
wide-bordered  margins,  or  ditch-to-ditch  farming 
practices  (i.e.,  control)  for  non-bordered  margins. 
The  agriculture  (30-m  wide  strip  of  row-crop)  and 
wooded  (20-m  wide  strip  of  wooded  fencerow) 
zones  were  adjacent  surrounding  the  FBZ  (Con¬ 
over  et  al.  2007:  fig.  1).  Bird  observations  were 
pooled  in  each  field  margin  zone.  We  restricted 
our  analyses  to  include  maximum  counts  for  each 
species’  per  field  margin  during  May  and  June 
with  most  observations  being  single  detections  of 
singing  males.  All  observations  were  ^30  m  of 
the  observer  permitting  a  reasonable  assumption 
of  a  100%  detection  probability  in  herbaceous 
habitat  (Diefenbach  et  al.  2003);  it  is  likely  we  did 
not  count  every  individual  and  report  conservative 
density  estimates. 

Statistical  Analyses. — Avian  community  mea¬ 
surements  included  species  richness,  density 
(#  birds/0.2  ha),  and  total  avian  conservation 
value  (TACV;  Nuttle  et  al.  2003).  TACV  was 
calculated  by  multiplying  the  species’  abundance 
by  their  respective  Partners  in  Flight  (PIF)  priority 
rank  (http://www.rmbo.org/pif/scores/scores.html). 
Priority  ranks  are  calculated  based  on  breeding  and 
wintering  distribution,  relative  abundance,  poten¬ 
tial  threats  to  breeding  and  wintering  habitat, 
population  trend,  and  physiographic-specific  area 
importance  value  (Carter  et  al.  2000).  These 
estimates  were  summed  across  species  to  produce 
a  TACV  score  for  the  treatment-habitat  zone 
combination  of  interest  (Nuttle  et  al.  2003).  We 
applied  PIF  ranks  reported  for  birds  in  the  MAV 
during  the  breeding  season.  Unidentified  birds 
(<1%)  were  not  assigned  a  PIF  rank  and  were 
excluded  from  subsequent  analyses. 

We  analyzed  the  avian  community  using  a 
repeated  measures  analysis  of  variance  with 
PROC  MIXED  (Littell  et  al.  1996).  Fixed  main 
effects  were  field  border  treatments  (non-,  narrow, 
and  wide)  with  year  as  the  repeated  time  effect, 


and  line  transects  as  the  random  subject  effect. 
Variance-covariance  structure  was  first-order 
auto-regressive,  which  was  selected  based  on 
lowest  AIC  value.  Mean  species-specific  densities 
are  reported  for  combined  years  to  include  borders 
eliminated  from  repeated  measures  tests  from 
between-year  sample  size  differences.  We  report 
species-specific  densities  for  only  the  FBZ  to 
partition  effects  from  the  influence  of  surrounding 
vegetation  zones  (Arnold  1983).  Crop  type  varied 
in  agriculture  zones,  and  we  conducted  prelimi¬ 
nary  analyses  to  test  the  influence  of  adjacent  crop 
type  on  avian  densities  within  field  margin 
treatments  (Shalaway  1985).  These  analyses 
indicated  no  significant  differences  in  bird  density 
among  crop  types  (soybean,  com,  milo,  cotton; 
f6491  =  1.64,  P  =  0.135)  with  the  exception  of 
wheat  (other  crop  =  14.43,  SE  =  0.74,  wheat  = 
36.17,  SE  =  6.73;  Fh502  =  10.30,  P  =  0.001), 
which  was  the  only  food-producing  crop  during 
the  breeding  season. 

RESULTS 

We  documented  78  bird  species  and  detected 
>15,000  birds  throughout  this  study.  The  most 
commonly  detected  species  across  all  field  margin 
zones  were  Red-winged  Blackbird  (30%),  North¬ 
ern  Cardinal  (10%),  Common  Grackle  (8%), 
Mourning  Dove  (5%),  Indigo  Bunting  (5%),  Blue 
Jay  (5%),  Dickcissel  (5%),  and  Carolina  Wren 
(4%).  The  FBZ  attracted  a  total  of  26  bird  species 
with  the  most  common  including  Red-winged 
Blackbird  (50%,  F2, 47  =  14.600,  P  <  0.001), 
Dickcissel  (13%,  F2A1  =  8.070,  P  =  0.001), 
Northern  Cardinal  (11%,  F2A1  =  5.010,  P  = 
0.011),  Indigo  Bunting  (8%,  F2A1  =  3.330,  P  = 
0.045),  and  Mourning  Dove  (5%,  F2A2  =  0.030,  P 
=  0.972)  of  which  all  were  significantly  more 
abundant  in  bordered  than  non-bordered  margins 
except  Mourning  Dove  (Table  1). 

Avian  density  (F2A1  =  14.66,  P  <  0.001), 
species  richness  (F2A1  =  10.09,  P  <  0.001),  and 
TACV  (F2, 47  =  14.96,  P  <  0.001)  differed  in  the 
FBZ  among  narrow,  wide,  and  non-bordered 
margins.  We  observed  nearly  twice  the  density 
and  TACV  in  wide  borders  than  narrow  (Fig.  1). 
Greater  avian  density  (F2A2  =  7.85,  P  <  0.001; 
F2Ai  =  5.83,  P  =  0.004),  species  richness  {F2A1 
=  5.78,  P  =  0.004;  F2A1  =  5.41,  P  =  0.008),  and 
TACV  (F2,47  =  5.99,  P  =  0.005;  F2A1  =  4.27,  P 
=  0.020)  were  observed  in  bordered  agriculture 
and  wooded  zones  compared  to  non-bordered, 
respectively  (Fig.  1).  Wide  borders  also  had 


552 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121.  No.  3.  September  2009 


Field  border  zone  Agricultural  zone  Wooded  zone 

FIG.  1.  Mean  bird  density,  richness,  and  TACV  (Total  Avian  Conservation. Value;  ±  SE)  for  field  margin  treatments 
(non-,  narrow,  and  wide-bordered)  and  zones  (field  border,  agriculture,  and  wooded)  in  the  Mississippi  Alluvial  Valley 
during  May-June  2003  (closed-circle)  and  2004  (open-circle). 


nearly  two  times  greater  avian  density  and  TACV 
than  narrow  borders  in  the  agriculture  zone 
(Fig.  1).  Repeated  measures  ANOVA  revealed  a 
year  effect  for  density  (F  1>47  =  4.36,  P  =  0.042), 
richness  (FlA1  =  4.36,  P  =  0.042),  and  TACV 
(F i  ,47  =  12.91,  P  =  0.002)  in  the  agriculture  zone. 
However,  year  had  less  influence  on  density  (Fj  47 
=  4.03,  P  =  0.050;  FiA1  =  0.36,  P  =  0.547), 
richness  (FM7  =  0.82,  P  =  0.371;  Ft  47  =  0.51,  P 
=  0.479),  or  TACV  (F1>47  =  38,  P  =  0.072;  F,,47 
=  0.10,  P  =  0.757)  in  the  field  border  and 
wooded  zones,  respectively.  Year*treatment  in¬ 
teraction  effects  were  non-significant  (P  >  0.05) 
for  community  metrics. 

DISCUSSION 

Species-specific  Response. — All  birds  common¬ 
ly  observed  in  agricultural  field  margins  in  the 
MAV  were  positively  influenced  by  field  border 
presence.  Red-winged  Blackbird,  Dickcissel, 
Northern  Cardinal,  and  Indigo  Bunting  were  over 
two  times  more  abundant  in  narrow  than  non- 
bordered  field  margins  (Table  1).  Red-winged 


Blackbird  and  Dickcissel  were,  respectively,  2.5 
and  14.5  times  more  abundant  in  wide-bordered 
margins  than  narrow.  Enhanced  use  of  wide 
borders  by  these  species  may  correspond  with 
their  ability  to  exploit  forage  and  nest-site 
resources  from  the  greater  area  at  farther  proxim¬ 
ity  to  the  wooded  edge  in  wider  borders. 
Dickcissel  densities  in  Mississippi  field  borders 
(1000.0  birds/10.0  ha)  exceeded  those  found 
elsewhere,  including  grass/forb  dominated  Illinois 
grasslands  (4.0  birds/100  ha;  Kobal  et  al.  1999), 
Iowa  CRP  fields  (58.4  birds/100  ha;  Patterson  and 
Best  1996),  central  Iowa  grass  waterways  (333.0- 
390.0  birds/ 100  ha;  Bryan  and  Best  1991),  Kansas 
CRP  fields  (107.6-199.6  birds/100  ha;  Hughes  et 
al.  1999),  mixed-grass  prairie  in  South  Dakota 
(6.1  birds/100  ha;  Fritcher  et  al.  2004),  and  Iowa 
warm-season  grass  filter  strips  adjacent  to  non- 
wooded  (103.3  birds/100  ha)  and  wooded  edges 
(8.0  birds/100  ha;  Henningsen  and  Best  2005). 
Others  have  reported  high  Dickcissel  densities  in 
herbaceous  strip  habitats  (Bryan  and  Best  1991, 
Henningsen  and  Best  2005),  but  our  study 
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documented  unprecedented  densities  in  strip 
habitats  directly  adjacent  to  wooded  edges.  We 
speculate  the  elevated  Dickcissel  densities  in  field 
borders  in  the  MAV  may  result  from  the  isolation 
of  these  strip  habitats  in  a  landscape  nearly  devoid 
of  non-crop  vegetation.  This  finding  contrasts  to 
previous  research,  which  has  shown  that  Dickcis- 
sels  avoid  vegetation  patches  <50  m  of  wooded 
edges  (Jensen  and  Finck  2004),  as  do  many 
grassland  birds  (O’Leary  and  Nyberg  2000).  The 
rapid  colonization  and  intensive  use  of  field 
borders  by  Dickcissels  and  Red-winged  Black¬ 
birds  is  encouraging  for  their  indication  of 
potential  conservation  benefits,  as  both  species 
have  continued  (1980-2005)  to  have  population 
declines  >2%/year  throughout  Mississippi  (Sauer 
et  al.  2007).  The  Dickcissel  is  of  even  greater 
concern  given  the  loss  of  native  grasslands  in  their 
core  range  (Samson  and  Knopf  1994)  and 
precarious  over-winter  conservation  status  (Basili 
and  Temple  1999).  Greater  densities  highlight  the 
need  for  demographic  information  to  examine  the 
possibility  of  a  population  sink  (Pulliam  1988). 
This  is  particularly  important  for  the  Dickcissel,  a 
species  previously  found  with  lower  nest  survival 
near  wooded  and  shrubby  edges  (Hughes  et  al. 
1999,  Winter  et  al.  2000).  We  recommend  future 
research  to  increase  the  understanding  of  Dick¬ 
cissel  ecology  in  field  borders  >10  m  and  <50  m 
from  wooded  edges  to  differentiate  their  spatial 
use  of  vegetation  patches  closer  to  wooded  edges 
than  the  typical  50  m  threshold. 

Field  borders  also  provide  complementary 
benefits  to  birds  in  adjacent  wooded  fencerows. 
Northern  Cardinal  and  Indigo  Bunting,  albeit 
primarily  forest  species,  were  more  abundant  in 
'  bordered  margins  and  were  frequently  observed 
foraging  in  field  borders.  These  two  species 
responded  similarly  to  wide  and  narrow  field 
borders,  and  likely  benefited  most  from  field 
border  vegetation  nearest  the  wooded  edge.  Early- 
succession  birds  considered  of  regional  conserva¬ 
tion  concern  in  the  MAV  by  PIF  that  were  not 
observed  using  field  borders  include  Eastern 
Kingbird  ( Tyrannus  tyrannus).  Loggerhead  Shrike 
( Lanius  ludovicianus),  and  Common  Yellowthroat 
(Geothlypis  trichas).  Other  species  we  had 
anticipated  to  use  these  borders  but  which  were 
not  recorded  include  Grasshopper  Sparrow  ( Am - 
modramus  savannarum ),  American  Kestrel  ( Falco 
sparverius),  and  Eastern  Bluebird  ( Sialia  sialis). 
We  speculate  the  failure  of  field  borders  to  attract 
these  species  may  relate  to  landscape  composi¬ 


tion,  area-sensitivity,  food  availability,  or  local 
vegetation  structure. 

Community  Response. — Farmland  avian  com¬ 
munities  in  the  MAV  responded  positively  to 
addition  of  field  borders  on  agriculture-wooded 
field  margins.  Avian  richness,  density,  and  TACV 
were  significantly  greater  in  narrow  than  non- 
bordered  margins  within  both  the  field  border  and 
agriculture  zones.  Community  metrics  in  wooded 
zones  were  less  influenced  by  field  border 
presence.  However,  wooded  zones  had  greater 
TACV  and  bird  densities  when  adjacent  to  narrow 
field  borders  than  at  abrupt  agriculture-wooded 
edges.  The  increase  of  avian  density  and  richness 
likely  relates  to  enhanced  vegetative  structure, 
cover,  and  floral  diversity  in  field  borders.  The 
conservation  benefits  indicated  by  elevated 
TACV  scores  highlight  the  potential  of  field 
borders  to  contribute  to  the  sustainability  of 
farmland  bird  populations;  however,  reproductive 
information  in  these  relative  to  alternative  habitats 
is  necessary  to  understand  their  contribution  to 
recruitment  and  population  trajectories  (Van 
Home  1983). 

We  found  convincing  support  for  our  hypoth¬ 
esis  of  enhanced  benefits  from  increased  border 
width  relative  to  avian  density  and  TACV  in  field 
border  and  agriculture  zones.  Greater  avian 
densities  in  and  adjacent  to  wide  field  borders 
may  be  attributed  to  increased  vegetative  diversity 
(Rotenberry  1985),  lower  perimeter  to  area  ratio 
(Helzer  and  Jelinski  1999),  or  larger  overall  patch 
area  in  wide  borders  (Winter  et  al.  2006).  We 
detected  no  effect  of  field  border  width  on  avian 
richness  during  either  year,  which  contradicted 
our  prediction.  We  speculate  the  lack  of  a  positive 
relationship  between  border  width  and  avian 
richness  corresponds  with  decreased  avian  diver¬ 
sity  at  the  landscape  scale  from  overall  scarcity  of 
non-crop,  herbaceous  habitat. 

The  continuing  decline  of  North  American 
grassland  bird  populations  is  of  primary  conser¬ 
vation  concern  regarding  agricultural  land-use 
practices  (Peterjohn  and  Sauer  1999,  Brennan  and 
Kuvlesky  2005).  Widespread  restoration  and 
retention  of  permanent,  managed  grassland  blocks 
is  the  appropriate  prescription  to  stem  these 
declines,  but  the  majority  of  agricultural  land  is 
not  conducive  to  large  unfarmed  blocks,  as  they 
are  privately  owned  and  managed  for  commodity 
production  and  economic  return.  Farmland-inte¬ 
grated  habitats  with  minimal  economic  draw¬ 
backs,  such  as  field  borders  (Barbour  2006),  are 
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more  amenable  to  producer  objectives  and  of 
increasing  importance  given  the  elevated  strain  on 
natural  resources  from  worldwide  food  demands 
and  expanding  human  populations  (Tilman  et  al. 
2002,  Robertson  and  Swinton  2005),  Field  borders 
seemingly  provide  attractive  avian  habitat,  there¬ 
by  representing  an  effective  tradeoff  between 
wildlife  and  landowner  needs  in  agricultural 
landscapes.  This  study  demonstrates  that  field 
borders  provide  habitat  to  enhance  bird  popula¬ 
tions  in  agriculture-dominated  landscapes.  Con¬ 
sequently,  we  advocate  integrating  field  borders, 
especially  of  enhanced  width,  as  a  standard 
conservation  practice  to  mitigate  effects  of 
agricultural  intensity  on  bird  populations. 
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BREEDING  SEASONS,  MOLT  PATTERNS,  AND  GENDER  AND  AGE 
CRITERIA  FOR  SELECTED  NORTHEASTERN  COSTA  RICAN 
RESIDENT  LANDBIRDS 
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ABSTRACT. — Detailed  accounts  of  molt  and  breeding  cycles  remain  elusive  for  the  majority  of  resident  tropical  bird 
species.  We  used  data  derived  from  a  museum  review  and  12  years  of  banding  data  to  infer  breeding  seasonality,  molt 
patterns,  and  age  and  gender  criteria  for  27  common  landbird  species  in  northeastern  Costa  Rica.  Prealternate  molts  appear 
to  be  rare,  only  occurring  in  one  species  ( Sporophila  corvina),  while  presupplemental  molts  were  not  detected.  Most  of  our 
study  species  (70%)  symmetrically  replace  flight  feathers  during  the  absence  of  migrant  birds;  molting  during  this  period 
may  limit  resource  competition  during  an  energetically  taxing  phase  of  the  avian  life-cycle.  Received  30  August  2008. 
Accepted  19  February  2009. 


Temporal  patterns  of  molt  and  breeding  sea¬ 
sonality  are  largely  unknown  for  many  resident 
tropical  species  (Dickey  and  van  Rossem  1938, 
Snow  and  Snow  1964,  Snow  1976)  in  contrast  to 
Nearctic-Neotropic  migrants  (hereafter  ‘mi¬ 
grants’).  One  might  assume  differential  molt 
sequences  and  extent  between  latitudes  given 
different  natural  histories  of  resident  tropical  birds 
in  relation  to  their  migrant  counterparts.  However, 
preliminary  studies  indicate  that  most  neotropical 
residents  exhibit  molt  strategies  similar  to  those  in 
temperate  latitudes  (Dickey  and  van  Rossem 
1938,  Diamond  1974,  Foster  1975,  Prys-Jones 
1982,  Pyle  et  al.  2004,  Ryder  and  Wolfe  2009, 
Wolfe  et  al.  2009).  These  strategies  include  partial 
to  incomplete  preformative  molts  and  complete 
prebasic  molts  that  often  occur  in  June-Septem- 
ber,  following  breeding. 

Molt  and  breeding  events  are  energetically 
demanding  and,  for  the  most  part,  independent 
phases  of  the  avian  life  cycle  (Snow  and  Snow 
1964,  Payne  1972,  Avery  1985,  Pyle  1997). 
However,  overlap  between  molt  and  breeding 
has  been  documented  in  a  few  temperate  landbirds 
(Bancroft  and  Woolfenden  1982,  Thompson  and 
Slack  1983,  Zaias  and  Breitwisch  198-9,  Hemborg 
1999)  and  some  resident  tropical  landbirds 
(Dickey  and  van  Rossem  1938,  Snow  and  Snow 
1964,  Foster  1975,  Avery  1985).  Breeding  and 
molt  seasonality  influence  the  temporal  dynamics 
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of  the  avian  life  cycle,  but  other  factors  including 
climate  and  resource  availability  may  also  affect 
timing  of  molt  (Aidley  and  Wilkinson  1987, 
Bensch  et  al.  1991,  Jones  1995).  Little  has  been 
published  concerning  temporal  patterns  of  molt 
among  resident  tropical  species  in  relation  to 
competition  from  overwintering  migrants  despite 
continued  interest  in  factors  influencing  timing  of 
molt  (Snow  and  Snow  1964).  Given  the  energet¬ 
ically  taxing  nature  of  molt,  we  believe  temporal 
patterns  of  molt  among  resident  species  may  be 
influenced  by  resource  competition  associated 
with  presence  or  absence  of  migrant  birds.  Molt  is 
a  critical  facet  of  avian  natural  history  and  molt 
ecology  has  utilitarian  characteristics  which  aid  in 
understanding  population  structure  and  demo¬ 
graphic  trends. 

Capture-recapture,  capture-telemetry,  and  cap¬ 
ture-observational  data  are  often  us#d  to  quantify 
demographic  trends  of  resident  neotropical  land- 
birds  (Greenberg  and  Gradwohl  1997,  Sandercock 
et  al.  2000,  Cohen  and  Lindell  2004).  Accurately 
modeling  population  structure  requires  methodol¬ 
ogy  pertaining  to  identification  of  age  and  gender 
classes.  Thus,  understanding  the  extent  and 
sequence  of  molt  for  a  given  species  is  critical 
for  accurate  age  classification  and  subsequent 
demographic  -  analyses. 

The  Tortuguero  Integrated  Bird  Monitoring 
Project  (TIBMP)  was  established  in  1994  on  the 
northern  Caribbean  coast  of  Costa  Rica,  near  the 
village  of  Tortuguero,  to  monitor  migrants  as  well 
as  resident  bird  populations  through  constant- 
effort  mist-netting  (Ralph  et  al.  2005).  We  used 
12  years  of  banding  data  from  TIBMP  coupled 
with  a  review  of  museum  specimens  to  provide 
information  on  molt  and  breeding  seasonality,  and 
useful  criteria  for  identification  of  age  and  gender 
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for  27  resident  bird  species  of  northeastern  Costa 
Rica. 

METHODS 

Nine  monitoring  sites  were  near  the  village  of 
Tortuguero  on  the  northeast  coast  of  Costa  Rica  in 
Limon  Province  (83°  31'  7"  W,  10°  33'  51"  N; 
elevation  0-20  m).  One  ‘central’  station  was 
operated  at  least  five  times  every  10  days  while 
the  remaining  ‘satellite’  stations  were  operated  at 
least  once  every  10  days.  Between  10  and  15  12- 
m  mist  nets  were  operated  at  each  site  by  JDW 
and  others  from  August  to  May,  1994-2006 
(Ralph  et  al.  2005).  Species  studied  were  selected 
based  on  high  capture  rates  during  preliminary 
banding  efforts  (1994-2000).  Protocols  pertaining 
to  captured  birds  follow  Ralph  et  al.  (1996). 

Banding  efforts  were  not  sustained  during  June 
and  July.  Breeding  seasonality  during  these 
months  was  inferred  based  on  brood  patch  and 
cloacal  protuberance  data  obtained  during  May 
and  August,  juxtaposition  of  the  prebasic  molt, 
and  presence  of  juveniles.  Recaptured  individuals 
in  many  cases  were  used  to  verify  age;  our  sample 
sizes  include  recaptured  individuals  as  well. 

Findings  based  on  banded  birds  at  Tortuguero 
were  augmented  by  those  from  specimens  exam¬ 
ined  at  the  National  Museum  of  Natural  History 
(USNM)  by  Pyle  in  early  August  2001.  All 
specimens  from  selected  species  collected  in 
southern  Mexico  through  northern  Panama  were 
examined  and,  in  a  few  cases,  specimens  collected 
in  South  America  were  also  examined.  Ages  of 
birds  were  inferred  when  collected  and,  in  many 
cases,  there  were  no  specimens  collected  while  in 
active  molt.  Plumage  succession  and  molt  timing 
could  often  be  assumed  based  on  molt  limits  and 
extent  of  feather  wear  (Pyle  1997).  Criteria 
developed  with  specimens  in  2001  were  con¬ 
firmed  or  re-examined  with  analysis  of  banding 
data  from  1994  to  2006.  Banding/specimen  data 
were  augmented  with  information  provided  by 
Stiles  and  Skutch  (1989). 

The  partial  to  incomplete  nature  of  the 
preformative  molt  in  most  neotropical  resident 
landbird  species  can  be  used  to  facilitate  accurate 
age-class  categorization  of  captured  birds  (Pyle 
1997).  Feather  characteristics,  regarding  molt 
limits  and  retained  juvenile  (HY)  plumage  among 
tropical  residents,  appears  to  be  similar  to  those  of 
temperate  species.  For  example,  retained  juvenile 
retrices  are  often  duller  in  coloration,  more  worn 
(in  relation  to  definitive  retrices)  and  tapered. 


Formative-plumaged  individuals  are  often  identi¬ 
fiable  by  retained  primary  coverts  which  typically 
lack  distinctive  edging,  luster,  and  are  typically 
more  worn  in  relation  to  definitive  primary 
coverts  and  contrast  in  wear  with  replaced  greater 
coverts.  Definitive  flight  feathers  are  typically 
more  truncate  in  relation  to  retained  juvenile 
flight  feathers.  We  specifically  looked  for  each  of 
these  criteria  for  banded  birds  (using  standardized 
data  forms)  and  museum  specimens. 

Molt  and  age  terminology,  including  standard 
abbreviations,  follow  those  of  Pyle  (1997)  as 
modified  by  Howell  et  al.  (2003).  The  first  basic 
plumage  is  referred  to  as  juvenile  plumage  (Juv), 
followed  by  the  preformative  molt  (PF),  first 
prealtemate  molt  (PA1;  if  existing  in  the  species), 
second  prebasic  molt  (PB2),  and  definitive 
prealternate  (DPA;  if  existing)  and  definitive 
prebasic  (DPB)  molts.  Primaries  and  primary 
coverts  are  numbered  from  the  innermost  (prima¬ 
ry  1)  to  the  outermost  (primary  9  or  10), 
secondaries  and  the  greater  coverts  are  numbered 
from  the  outermost  (secondary  1)  to  the  innermost 
tertial,  and  rectrices  are  numbered  from  the 
central  pair  (rectrix  1)  to  the  outermost  pair 
(rectrix  5  or  6).  “Partial”  for  molt  extent, 
indicates  that  no  flight  feathers  (primaries, 
primary  coverts,  secondaries,  or  rectrices)  were 
replaced  (except  the  tertials  or  central  rectrices  in 
some  individuals)  and  “incomplete”  indicates 
that  some  but  not  all  flight  feathers  were  replaced. 
An  “eccentric  molt  pattern”  refers  to  an  incom¬ 
plete  molt  in  which  molt  of  primaries  begins  at  a 
central  feather  (other  than  primary  1)  and 
proceeds  distally,  and  molt  of  secondaries  begins 
with  a  central  feather  (other  than  secondary  1)  and 
proceeds  proximally  to  the  tertials  (Pyle  1997, 
Pyle  et  al.  2004).  The  “typical  molt  sequence”, 
which  can  be  incomplete  during  preformative 
molts,  refers  to  a  molt  proceeding  distally  from 
primary  1  and  proximally  from  secondary  1,  as  is 
typical  of  definitive  prebasic  molts. 

Age  classification  follows  the  calendar-based 
system  described  by  Pyle  (1997).  Age  codes 
include  HY  (hatching  year),  indicating  a  bird  in 
the  calendar  year  of  its  hatching;  SY  (second 
year),  indicating  a  bird  in  its  second  calendar  year 
(HY/SY  indicates  a  bird  in  its  first  plumage  cycle, 
being  HY  until  31  Dec  and  SY  after  1  Jan);  TY 
(third  year),  indicating  a  bird  in  its  third  calendar 
year;  AHY  (after-hatching  year),  indicating  a  bird 
in  at  least  its  second  calendar  year;  ASY  (after- 
second  year),  indicating  a  bird  in  at  least  its  third 
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calendar  year;  ATY  (after-third  year),  indicating  a 
bird  in  at  least  its  fourth  calendar  year;  and  U 
(unknown),  indicating  a  bird  that  may  or  may  not 
be  in  the  calendar  year  of  birth.  Month  ranges  in 
parentheses  indicate  the  timing  for  which  ages  can 
be  identified;  e.g.,  “HY/SY  (Oct-Sep)”  indicates 
a  bird  with  indicative  criteria,  usually  based  on  an 
aspect  of  juvenal  or  formative  plumage  and  the 
timing  of  prebasic  molts,  can  be  classified  to  HY 
from  September  to  December  and  SY  from 
January  to  October  (Pyle  1997,  Pyle  et  al. 
2004).  Age-classification  can  be  complicated 
due  to  breeding  seasonality  overlap  with  1 
January;  a  phenomenon  more  commonly  encoun¬ 
tered  in  tropical  latitudes.  Generally,  juveniles  are 
in  the  bottom  2/3  ’s  of  wing  chord  ranges.  Wing 
chord  samples  represent  actual  ranges  (mm) 
recorded  from  field  and  museum  specimens. 
Color  descriptions  within  species  accounts  follow 
recommendations  by  Smithe  (1975).  Question 
marks  indicate  data  uncertainty  expressed  by  the 
authors. 

SPECIES  ACCOUNTS 

Leptotila  cassini  (Grey-chested  Dove;  n  =  32 
specimens,  90  captures).  Breeds:  January-Sep- 
tember.  Molt:  PF  incomplete-complete  (year 
round?),  DPB  incomplete-complete  (year  round 
with  strong  peaks  in  Mar-Oct).  Molt  of  primaries 
during  PF  proceeds  in  typical  sequence  in 
September-May;  both  PF  and  DPB  may  be 
suspended  during  winter.  During  both  PF  and 
DPB,  1-7  secondaries  can  be  retained  (25%  .of 
museum  specimens  had  uniform  secondaries);  PF 
may  be  incomplete  but  confirmation  is  needed. 
Juvenile  primary  10  is  often  blunt-tipped  (tip  5- 
6  mm  wide),  the  formative  primary  10  tends  to 
have  a  moderately  narrow  tip  (4-5  mm  wide),  and 
the  definitive  primary  10  is  thinner  (tip  <4  mm 
wide)  and  distinctly  tipped  cinnamon.  HY/SYs 
(Aug-Jul)  and  AHY/ASYs  (Aug-Jul)  best  sepa¬ 
rated  by  shape  and  color  of  primaries  and 
secondaries,  combined  with  placement  of  retained 
feathers,  as  in  L.  verreauxi  (Pyle  1997).  Gender 
similar  in  all  plumages,  although  AHY/ASYs  with 
bright  purplish  napes  are  invariably  male  and 
wing  chord  enables  identification  of  most  indi¬ 
viduals:  F  =  128-135  mm,  M  =  134-140  mm. 

Glaucis  aeneus  (Bronzy  Hermit;  n  =  22 
specimens,  235  captures).  Breeds:  October-Au¬ 
gust.  Molt:  PF  complete  (?)  (May-Nov),  DPB 
complete  (May-Dec).  Juveniles  (year-round?) 
often  have  buff  in  the  supercillium,  crown,  and 


nape,  and  buff  or  whitish  tipping  to  back  feathers, 
tertials,  and  most  wing  coverts,  absent  in  definitive 
plumage.  More  pointed  rectrices  with  a  deeper 
white  triangle  at  the  tip  (>5  mm  along  shaft)  and 
brownish  along  outer  webs  not  extending  toward 
the  shaft  may  represent  HY/SYs;  more  study 
needed.  Bill  corrugations  present  in  HY/SYs 
year-round.  Gender  is  similar  in  all  plumages. 
Wing:  F  =  48-58  mm,  M  =  50-61  mm. 

Threnetes  ruckeri  (Band-tailed  Barbthroat;  n  = 
29  specimens,  136.  qaptures).  Breeds:  January- 
August  (?).  Molt!  PF  complete  (Sep-Nov),  DPB 
(Sep-Nov)  complete.  Juveniles  (Feb-Sep)  have 
cinnamon  tipping  to  head  and  nape  feathers, 
upper-breast  mostly  blackish  with  small  amounts 
of  tawny  (in  relation  to  uniform  tawny  in  older 
birds)  and  more  pointed  rectrices.  AHY  females 
average  slightly  less  and  paler  tawny  on  breast 
(although  there  is  much  overlap);  this  criteria 
coupled  with  wing-chord  length  can  aid  in 
identification  of  gender  for  some  individuals.  Bill 
corrugations  present  in  HY/SYs  in  January- 
October.  Wing:  F  =  51-59  mm,  M  =  54—62  mm. 

Phaethornis  longirostris  (Long-billed  Hermit;  n 
=  22  specimens,  342  captures).  Breeds:  Novem- 
ber-July  (?).  Molt:  PF  complete  (?)  (Mar-Nov), 
DPB  complete  (Mar-Nov).  Juveniles  (Dec-Aug) 
have  buff-yellow  tipping  to  crown  feathers.  Bill 
corrugation  present  in  HY/SYs,  January-Septem- 
ber  and  November-January.  Gender  similar  in  all 
plumages.  Wing:  F  =  54-66  mm,  M  =  56- 
66  mm.  * 

Phaethornis  striigularis  (Stripe-throated  Her¬ 
mit;  n  =  35  specimens,  19  captures).  Breeds: 
year-round  with  a  major  peak  in  March-July  (?) 
and  a  smaller  peak  in  November-December  (?). 
Molt:  PF  complete  (year  round),  DPB  complete 
(year-round).  Juveniles  (Mar-Oct)  have  dusky 
backs  (greenish  in  older  birds) .  and  cinnamon 
tipping  to  body  feathers,  wing  coverts,  and 
secondaries.  HY/SYs  (Sep-Aug)  appear  to  have 
duskier-based  central  rectrices  and  duskier  and 
cinnamon-tipped  inner  secondaries,  whereas 
AHY/ASYs  (Sep-Aug)  tend  to  have  darker-based 
(more  distinct)  central  rectrices  and  greenish- 
tipped  inner  secondaries  (cinnamon-tipped  sec¬ 
ondaries  occasionally  documented).  Bill  corruga¬ 
tion  criteria  useful  year-round.  AHY/ASY  (at 
least)  females  average  stronger  contrast  between 
duller  cinnamon  breast  and  brighter  cinnamon 
belly  while  males  show  richer  cinnamon  breast 
and  belly;  however,  overlap  occurs  between 
genders.  Wing:  F  =  35-39  mm,  M  =  35^41  mm. 
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Anthracothorax  prevostii  (Green-breasted  Man¬ 
go;  n  =  17  specimens,  156  captures).  Breeds: 
March-November.  Molt:  PF  complete  (Mar- 
Dec),  DPB  complete  (Mar-Dec).  Juveniles 
(Feb-Dec)  have  sides  of  underparts  extensively 
white  with  rufous  extending  from  malar  to  flanks, 
and  relatively  narrow  outer  rectrices  with  indis¬ 
tinct  white  tips.  U/AHY  females  (Sep-Aug)  are 
similar  except  for  absence  of  cinnamon-rufous 
feathering  (or  restricted  amounts)  in  malar  region 
and  broader  outer  rectrices  with  more  distinct 
patterning.  U/AHY  males  (Sep-Aug)  have  dark 
green  flanks  and  purplish  rectrices  with  little  or  no 
white.  No  apparent  differences  between  juvenile 
males  and  females.  Bill  corrugations  present  in 
HY/SYs  April-November  and  appear  to  become 
smooth  shortly  after  completion  of  PF.  Wing:  F  = 
57-70  mm,  F  =  57-71  mm. 

Thalurania  colombica  (Violet-crowned  Wood- 
nymph;  n  =  17  specimens,  73  captures).  Breeds: 
February-October.  Molt:  PF  complete  (Apr-Dee) 
DPB  complete  (Apr-Dee).  Juvenile  female  (Feb- 
Dec)  has  green  crown,  upperparts  uniformly  dull 
green,  throat  and  underparts  with  light  gray,  outer 
rectrices  with  white  tips,  and  tail  fork  (longest 
rectrix  1)  <4.5  mm.  U/AHY  female  (Aug-Jul) 
similar  except  wing  coverts  and  upper  lateral 
scapulars  bright  green  or  turquoise  green,  brighter 
than  rest  of  the  upperparts,  tail  fork  >4.5  mm. 
Juv/HY  male  (Feb-Dec)  has  crown,  throat,  and 
underparts  dusky  with  25  or  fewer  iridescent 
purple  feathers,  outer  rectrices  blackish,  tinged 
purple  without  white  tips,  and  tail  fork  (longest 
rectrix  1)  <12  mm.  U/AHY  male  (Aug-Jul)  has 
crown  and  upperparts  purple,  breast  glittering- 
green,  rectrices  dark  blue,  and  tail  deeply  forked. 
Bill  corrugations  present  in  HY/SYs  March- 
November.  Wing:  F  =  44—54  mm,  M  =  50- 
59  mm. 

Hylocharis  eliciae  (Blue-throated  Sapphire;  n 
=  27  specimens,  22  captures).  Breeds:  Decem- 
ber-July  (?).  Molt:  PF  complete  (Mar-Aug),  DPB 
complete  (Mar-Aug).  Juv/HY  female  (Jan-Jun) 
has  culmen  blackish,  throat  with  moderate 
greenish-blue  spotting,  and  outer  rectrices  usually 
with  cinnamon  tips.  U/AHY  female  (Jun-May) 
has  culmen  dusky  with  red  wash  to  basal  50%,  not 
contrasting  distinctly  with  bill  tip,  throat  with 
more  extensive  dark-blue  spotting,  and  outer 
rectrices  with  or  without  cinnamon  tips.  Juv/HY 
male  (Jan-Jun)  has  culmen  dusky  with  dull  to 
bright  red  coloration  on  basal  75%  contrasting 
distinctly  with  black  bill  tip,  throat  with  extensive 


dark-blue  spotting  and  gray  edges  to  feathers 
creating  scaly  appearance,  and  outer  rectrices 
without  cinnamon  tips.  U/AHY  male  (Jun-May) 
has  culmen  with  bright  red  coloration  on  basal 
75%  contrasting  distinctly  with  black  bill,  throat 
with  extensive  amount  of  large,  dark  blue  spots 
and  feathers  without  gray  edges,  and  outer 
rectrices  lacking  cinnamon  tips.  Bill  corrugations 
present  in  HY/SYs  December-August.  Wing:  F  = 
43-52  mm,  M  =  45-54  mm. 

Amazilia  tzacatl  (Rufous-tailed  Hummingbird; 
n  =  40  specimens,  211  captures).  Breeds: 
February-November.  Molt:  PF  complete  (year- 
round),  DPB  complete  (year-round);  molt  peaks  in 
April-November.  Juv-HY/SY  female  (year- 
round)  'has  upper  mandible  black,  upperpart 
feathers  with  cinnamon  tipping,  green  throat 
feathers  broadly  edged  whitish  creating  scaled 
appearance,  and  belly  and  vent  washed  buff 
yellow.  AHY/U  female  (Oct-Sep)  is  similar 
except  that  upperpart  feathers  lack  cinnamon 
tipping.  HY/SY  male  (Feb-Dec)  has  upper 
mandible  black  gradually  turning  to  red  at  basal 
75%,  bright  green  throat  feathers  with  little  or  no 
whitish  edging  creating  uniform  appearance,  and 
belly  and  Vent  dark  gray,  often  tinged  mauve. 
U/AHY  male  (Oct-Sep)  is  similar  to  HY/SY  male 
except  bill  bright-red  (basal  75%)  with  black  tip. 
Juvenile  rectrices  less  often  show  brownish 
edging  extending  to  feather  tips  (Stiles  and  Skutch 
1989);  variation  occurs  for  at  least  some  rectrices 
within  both  age  groups  as  some  juveniles  have 
complete  brown  tips  and  some  AHY/ASYs  have 
rufous  extending  to  the  tip.  Bill  corrugations  can 
potentially  occur  year-round.  Wing:  F  =  48- 
64  mm,  M  =  48-64  mm. 

Amazilia  amabilis  (Blue-chested  Hummingbird; 
n  =  34  specimens,  57  captures).  Breeds:  Febru- 
ary-July  (?).  Molt:  PF  complete  (Feb-Aug),  DPB 
complete  (year-round?);  AHYs  may  molt  earlier 
than  HYs.  Juv/HY  female  (Feb-Jul)  has  pale  gray 
chin  with  green  spots,  throat  with  0-2  turquoise 
blue  feathers,  crown  dull  green,  and  outer 
rectrices  with  gray  tipping.  U/AHY  female  (Jul- 
Jun)  is  similar  but  throat  with  5-15  bluish  feathers 
and  crown  with  bright  green  coloration.  Juv/HY 
male  (Feb-Jul)  has  dark  green  chin,  throat  with 
15-30  bluish  feathers,  glittering  green  feathering 
of  crown  limited  (often  3-4  feathers  down  center 
of  crown)  and  outer  rectrices  with  little  or  no  gray 
tipping.  U/AHY  male  (Jul-Jun)  has  dark-green 
chin,  glittering-green  crown,  and  outer  rectrices 
without  gray  tips.  Bill  corrugations  recorded  in 
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HY/SYs  in  May.  Wing:  F  =  47-54  mm,  M  =  50- 
57  mm. 

Chloroceryle  aenea  (American  Pygmy  King¬ 
fisher;  n  —  91  specimens,  156  captures).  Breeds: 
March-June  (?).  Molt:  PF  incomplete-complete 
(May-Feb),  DPB  complete  (Apr-Jan).  Up  to  four 
juvenile  middle  secondaries  and  possibly  some 
primary  coverts  retained  during  PF;  occasional 
secondary  retained  during  DPB.  Juv/HYs  (May- 
Sep)  have  paler  underparts  and  an  incomplete 
breast  band  (female)  or  streaks  to  belly  (male). 
Some  HY/SYs  (Sep-Aug)  can  be  classified  to  age 
by  having  retained,  juvenile,  dusky  secondaries 
and  primary  coverts,  contrasting  distinctly  in  wear 
with  greener  back  and  replaced  formative  sec¬ 
ondaries  and  primary  coverts.  U/AHYs  (Aug- 
Jul)  have  uniformly  green  secondaries  and 
primary  coverts.  Some  AHY/ASYs  (Sep-Aug) 
might  be  identified  with  retained  definitive 
secondaries  and  primary  coverts,  dull  greenish, 
contrasting  only  slightly  in  wear  with  replaced 
feathers.  Gender  distinguished  in  all  plumages: 
females  have  distinct  green  chest-band  whereas 
males  lack  this  band.  Wing:  F  =  52-59  mm,  M  = 
52-59  mm. 

Dendrocolaptes  sanctithomae  (Northern  Barred 
Woodcreeper;  n  =  145  specimens,  32  captures). 
Breeds:  February-November  (?).  Molt:  PF  com¬ 
plete  (?)  (Mar-Dec),  DPB  complete  (?)  (Mar- 
Dec).  Juveniles  (Jun-Aug?)  have  slightly  looser 
plumage;  otherwise,  age  classes  similar  and  not 
distinguishable.  Stiles  and  Skutch  (1989)  de¬ 
scribed  juveniles  as  having  crown  more  ochrac- 
eous  and  throat  and  belly  with  reduced,  finer,  and 
less  distinct  barring  but  differences  subtle  if 
consistent.  Gender  similar  in  plumage;  many 
separated  by  wing-chord  length:  F  =  1 17— 
127  mm,  M  =  124-133  mm. 

Lepidocolaptes  souleyetii  (Streak-headed  Wood- 
creeper;  n  =  170  specimens,  22  captures).  Breeds: 
February-September.  Molts:  PF  incomplete-com¬ 
plete  (?)  (May-Oct),  DPB  incomplete-complete  (?) 
(May-Oct).  Dickey  and  van  Rossem  (1938)  report 
retention  of  central  retrices  during  the  PF,  but 
more-worn  rectrices  may  represent  molt  suspem 
sion  (assuming  central  rectrices  are  last  replaced,  as 
in  woodpeckers)  or  wear;  further  study  needed. 
Juveniles  (Mar-Oct)  have  slightly  looser  plumage; 
otherwise,  age  classes  similar  and  not  distinguish¬ 
able.  Stiles  and  Skutch  (1989)  describe  Juveniles  as 
having  denser  yet  less-distinct  streaking,  duller 
throats  with  sooty  fringes,  and  darker  bills  but 
differences  subtle  if  consistent.  Gender  similar  in 


plumage  but  most  separated  by  wing-chord  length: 
F  =  84-94  mm,  M  =  92-99  mm. 

Thamnophilus  doliatus  (Barred  Antshrike;  n  = 
212  specimens,  .85,  captures).  Breeds:  March- 
October.  Molts:  PF  incomplete-complete  (Mar- 
Jan),  DPB  complete  (Mar-Jan).  The  PF  can  be 
eccentric,  with  4-8  inner  primaries  and  outer 
secondaries,  and  most  or  all  primary  coverts 
retained.  Some  can  retain  all  remiges  (except 
tertiaJs)  and  primary  coverts  while  others  may 
have  a  complete,  molt;  rectrices  are  usually 
replaced.  Juv/HY/SY  female  (Sep-Aug)  has 
cinnamon  plumage  and  flight  feathers  with 
eccentric  molt  limits,  the  retained  inner  primaries 
and  outer  secondaries  with  barring.  U/AHY 
female  (Sep-Aug)  similar  except  remiges  uni¬ 
formly  cinnamon  and  lacking  bars.  Juvenile/HY/ 
SY  male  (Jul-Sep)  has  black  and  white  body 
plumage  with  cinnamon  or  buff  wash  to  lower 
underparts,  and  molt  limit  criteria  as  in  HY/SY 
female  (except  replaced  remiges  barred  black  and 
white).  U/AHY  males  (Oct-Sep)  have  black  and 
white  body  plumage  without  cinnamon  or  buff 
wash  and  uniformly  black  and  white  remiges. 
Males  still  molting  flight  feathers  in  September- 
Jantiary  can  be  classified  as  AHY/ASY  if  retained 
outer  primaries  and  middle  secondaries  are  black 
and  white.  Wing:  F  =  63-71  mm,  M  =  65- 
71  mm. 

Thamnophilus  atrinucha  (Western  Slaty  Ant¬ 
shrike;  n  =  213  specimens,  198  captures).  Breeds: 
.February-November  (?).  Molts:  PF*partial  (Mar- 
Dec),  DPB  compete  (Mar-Dec).  The  PF  occa¬ 
sionally  can  include  1-2  tertials  and  central 
rectrices;  possibly  all  rectrices  in  some  individu¬ 
als.  Juveniles  have  loose  textured  plumage  and 
lack  white  patch;  plumage  resembles  AHYs  of 
each  gender  but  upperparts  of  female  washed 
chestnut  and  duller,  male  with  chestnut  feathering 
present  on  back.  HY/SY  female  (Jul-Jun)  has 
brownish  olive  body  plumage,  dusky  primary 
coverts  with  cinnamon  edges,  replaced  greater 
coverts  contrasting  with  retained  primary  coverts 
and  secondaries,  several  tertials  and  rectrices 
occasionally  replaced,  fresher,  and  underparts 
tinged  chestnut.  AHY/ASY  female  (Jul-Jun)  is 
similar  but  primary  coverts  with  pale  tips,  greater 
coverts  uniform  in  quality  with  primary  coverts 
and  secondaries,  rectrices  without  molt  limits,  and 
underparts  brownish  olive  without  chestnut  tinge. 
HY/SY  male  (Aug-Jul)  has  black  and  gray  body 
plumage,  dusky  primary  coverts  and  remiges  with 
cinnamon  edges,  contrasting  distinctly  with  re- 
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placed,  black-and-white  greater  coverts  and  (at 
times)  several  tertials;  underparts  often  tinged 
brownish.  AHY/ASY  male  (Aug-Jul)  has  black 
and  gray  body  plumage,  black  primary  coverts 
with  white  tips,  and  uniformly  black  remiges  with 
whitish  edging,  not  contrasting  in  wear  with 
greater  coverts;  underparts  gray  without  brownish 
tinge.  Wing:  F  =  63-70  mm,  M  =  61-71  mm. 

Myrmeciza  exsul  (Chestnut-backed  Antbird;  n 
=  30  specimens,  98  captures).  Breeds:  March- 
October  (?).  Molts:  PF  partial  (Mar-Dec),  DPB 
complete  (Mar-Dec).  The  PF  includes  body  and 
most  or  all  greater  coverts  but  usually  not  the 
tertials  and  no  other  flight  feathers;  the  alula  may 
rarely  be  replaced.  Juveniles  are  entirely  blackish- 
brown  without  contrast  between  breast  and  throat; 
gender  similar  until  PF  commences.  HY/SY 
female  (Oct-Sep)  has  grayish  head  and  throat, 
upperparts  tawny,  primary  coverts  brownish,  alula 
brownish  with  thin  or  no  tawny  olive  edging 
(occasionally  blackish  with  distinct  pale  edge), 
and  primaries  and  rectrices  relatively  worn; 
individuals  with  replaced  alula  may  best  be 
classified  U/AHY.  AHY/ASY  female  (Oct-Sep) 
is  similar  but  primary  coverts  dusky  with  tawny 
olive  edging,  alula  dusky  with  distinct  whitish 
edge,  and  primaries  and  rectrices  relatively  fresh; 
by  April-July  the  edging  on  adult  alula  often 
wears  off,  however,  primary  covert  condition  can 
still  be  used  for  age  classification.  HY/SY  male 
(Oct-Sep)  has  blackish  head,  throat,  chest,  and 
belly,  alula,  and  flight  feathers  as  in  HY/SY 
female.  AHY/ASY  male  (Oct-Sep)  similar  but 
primary  coverts  black  with  tawny  edging,  alula 
black  with  distinct  white  edge,  and  primaries  and 
rectrices  relatively  fresh.  Wing:  F  =  62-68  mm, 
M  =  61-72  mm. 

Mionectes  oleagineus  (Ochre-bellied  Flycatch¬ 
er;  n  =  32  specimens,  123  captures).  Breeds: 
March-July.  Molts:  PF  partial  (Aug-Feb),  DPB 
complete  (Aug-Feb).  The  PF  includes  a  variable 
amount  of  wing  coverts  but  not  the  alula,  primary 
coverts,  tertials,  rectrices  or  remiges.  Juveniles 
(May-Aug)  have  throat  washed  gray  and  belly 
washed  tawny  olive.  HY/SY  males  and  females 
(Aug-Jul)  have  broad-tipped  and  more  worn 
primaries  8,  9,  and  10,  primary  coverts  brownish 
with  thin,  dull,  green  edging;  and  rectrices  narrow, 
pointed,  brownish,  and  relatively  worn.  The 
primary  covert  and  rectrix  criteria  can  be  subtle. 
AHY/ASY  females  (Aug-Jul)  have  moderately 
tapered  and  fresher  primaries  8,  9,  and  10  with 
primary  8  not  emarginated  (possibly  with  slight 


emargination),  primary  coverts  dusky  with  broad 
green  edging,  and  rectrices  broad,  truncate,  dusky, 
and  relatively  fresh.  AHY/ASY  male  (Sep-Aug) 
similar  except  for  thinner  and  more-pointed 
primaries  10,  9,  and  8  emarginated.  Wing:  F  = 
57-64  mm,  M  =  61-69  mm. 

Manacus  candei  (White-collared  Manakin;  n  = 
26  specimens,  1,525  captures).  Breeds:  March- 
November.  Molts:  PF  partial  (Aug-Jan),  DPB 
complete  (Jul-Jan).  The  PF  includes  a  variable 
number  of  greater  coverts  but  no  flight  feathers. 
Age  and  gender  criteria  similar  to  Pipra  mentalis 
regarding  plumage  of  HY/SYs  of  both  genders 
(Aug-Jul),  green  body  plumage,  molt  limits 
among  wing  coverts,  and  shape  and  color  of  outer 
primaries  and  rectrices  with  differences.  Some 
HY/SY  males  (Sep-Aug)  have  gray  to  light-gray 
throat  and  AHY/ASY  female  (Sep-Aug)  can  lack 
or  have  a  grayish  throat.  Leg  color  may  also  be 
brighter  orange  in  AHY/ASY  females  than  in  HY/ 
SYs  females;  more  study  needed.  AHY/ASY  male 
(Sep-Aug)  has  black  cap,  lower  back,  wings,  and 
tail;  white  throat  and  upper  back,  green  rump  and 
yellow  belly.  Males  molting  in  September  can  be 
classified  to  ASY  if  outer  primary  is  blackish  and 
narrow,  measuring  <2.5  mm  wide  at  the  distal  8- 
10  mm  end  of  the  feather.  SY/TY  males  may  have 
less  white  in  greater  coverts  than  ASY/ATY 
males;  the  second-to-outermost  greater  covert 
should  be  checked  for  smaller  and  more  triangular 
white  patches,  at  times  washed  yellowish  in  SY/ 
TYs.  Wing:  F  =  49-59  mm,  M  =  49-59  mm. 

Pipra  mentalis  (Red-capped  Manakin;  n  =  31 
specimens,  293  captures).  Breeds:  March-Septem- 
ber.  Molts:  PF  partial  (Mar-Oct),  DPB  complete 
(Mar-Oct).  The  PF  includes  a  variable  number  of 
greater  coverts  but  no  remiges  or  rectrices.  Juvenile 
(Apr-Sep)  is  green  with  a  brown  or  olive  wash  over 
loosely  textured  body  plumage.  HY/SY  of  both 
genders  (Aug-Jul)  has  body  and  tertials  entirely 
green,  primary  coverts  brownish-gray  with  little  or 
no  dull  green  edging.  Molt  limits  occur  within 
greater  coverts.  Retained  wing  coverts  and  remiges 
are  duller  and  outer  primaries  dull-brownish, 
narrow,  and  relatively  worn.  Retained  rectrices 
are  narrow,  pointed,  brownish,  and  relatively  worn. 
Some  to  many  HY/SY  males  (Aug-2  Sep)  can  be 
assigned  to  gender  by  dusky  or  blackish  wash  to 
outer  web  of  one  or  more  tertials  (usually 
secondary  9),  one  or  more  body  feathers  blackish, 
and/or  one  or  more  head  feathers  red.  AHY/ASY 
female  (Aug-Jul)  has  entire  body  plumage  green, 
one  or  more  tertials  with  or  without  dusky  or 
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blackish  wash,  primary  coverts  dusky  with  distinct 
bright  green  edging,  back,  wing  coverts,  and 
remiges  uniformly  bright  green,  outer  primaries 
dusky  green,  broad,  and  relatively  fresh.  Rectrices 
broad,  truncate,  dusky  green,  and  relatively 
fresh.  AHY/ASY  male  (Oct-Sep)  has  red  head, 
black  body  (including  wings  and  tail).  SY/TY  age 
criteria  unknown.  Wing:  F  =  51-63  mm,  M  =  51- 
63  mm. 

Hylophilus  decurtatus  (Lesser  Greenlet;  n  =  29 
specimens,  343  captures).  Breeds:  March-Sep- 
tember.  Molts:  PF  partial  (May-Dec),  DPB 
complete  (May-Dec).  PF  includes  most  or  all 
wing  coverts  but  no  remiges.  Juveniles  (Apr-Sep) 
have  loosely  textured  body  plumage,  pale  brown 
crown,  and  brownish  suffusion  to  back.  HY/SY 
(Aug-Jul)  has  brownish-gray  primary  coverts 
with  little  or  no  dull  green  edging,  crown  dull- 
gray,  sometimes  washed  brown  and/or  with  green- 
tinged  feathers,  and  contrasting  indistinctly  with 
back  at  nape  (yellow-green);  rectrices  narrow, 
pointed,  brownish,  and  relatively  worn.  AHY/ 
ASY  (Aug-Jul)  has  pearly  gray  primary  coverts 
with  distinct  green  edging;  crown  pearly  gray 
without  brown  or  green  wash  and  contrasting 
crisply  with  back  at  nape  (yellow-green);  rectrices 
broad,  truncate,  dusky,  and  relatively  fresh. 
Gender  similar  in  all  plumages.  Wing:  F  =  41— 
57  mm,  M  =  48-57  mm. 

Thryothorus  nigricapillus  (Bay  Wren;  n  =  34 
specimens,  201  captures).  Breeds:  March-Octo- 
ber.  Molts:  PF  partial  (Mar-Dec),  DPB  complete 
(Mar-Dec).  The  PF  appears  to  include  all  greater 
coverts  and,  at  times,  the  tertials  and  central 
rectrices  but  no  other  flight  feathers.  Juveniles 
(Feb-Jul)  average  paler  cinnamon  with  thin  chest 
barring,  lacking  spotting  on  lower-underparts. 
HY/SY  (Aug-Jul)  has  brownish-gray  primary 
coverts  with  irregular,  thin,  dull-cinnamon  patch¬ 
es  on  edge,  contrasting  in  quality  with  fresher 
greater  coverts  and,  at  times,  tertials.  Outer 
primaries  relatively  worn  and  brownish;  rectrices 
relatively  worn,  at  times  with  fresher  central 
feathers.  AHY/ASY  (Aug-Jul)  has  dusky  primary 
coverts  with  regular  and  more  square  cinnamon- 
patches  extending  almost  to  the  shaft,  not 
contrasting  in  quality  with  greater  coverts  or 
tertials,  relatively  fresh  and  dusky  outer  primaries, 
and  uniformly  fresh  rectrices.  Genders  are  similar 
in  all  plumages,  although  females  average  slightly 
duller  and  wing  chord  useful  for  classifying 
gender  of  some  individuals:  F  =  60-67  mm,  M 
=  64-70  mm. 


Arremonops  conirostris  (Black-striped  Spar¬ 
row;  n  —  37  specimens,  143  captures).  Breeds: 
March-September.  Molts:  -PF  complete  (Sep- 
Dec),  DPB  complete  (Sep-Dee).  The  PF  may  at 
times  be  partial  (more  study  needed),  and  the  PF 
and  DPB  apparently  can' be  suspended.  Juv/HYs 
(Apr-Sep)  have  underparts  •  washed  yellow  with 
dusky  streaks,  head  pattern  indistinct  and  streaky, 
and  outer  primaries  and  rectrices  narrow  and 
tapered.  U/AHYs  (Oct-Sep)  have  underparts 
without  yellowish  or  dusky  streaks,  head  pattern 
distinct,  and  outer  primary  and  rectrices  broad. 
Some  HY/SY>s  or  AHY/ASYs  may  be  classified  to 
age  in  November-October  by  condition  of 
retained  feathers  during  partial  or  incomplete 
molts;  more  study  needed.  Genders  similar  in  all 
plumages,  although  some  can  be  identified  by 
wing  chord:  F  =  68.-77  mm,  M  =  74-81  mm. 

Ramphocelus  passerinii  (Passerini’s  Tanager;  n 
=  57  specimens,  69  captures).  Breeds:  March- 
November.  Molts:  PF  partial-complete  (Mar- 
Dec),  DPB  complete  (Mar-Dec).  The  PF  is 
variable,  ranging  from  partial  (as  few  as  2  greater 
coverts  replaced)  to  incomplete  in  eccentric 
sequence  (up  to  primary  1-4  and  secondary  1-3 
retained)  to  complete.  All  rectrices  are  often 
replaced  and  primary  coverts  can  be  retained  or 
replaced  with  associated  primaries.  Juveniles 
(Apr-Jul)  have  grayer  head,  paler  throat,  and 
tawny  washed  upperparts  and  underparts.  HY/SYs 
of  both  genders  (Jul-Jun)  have  primarily  olive 
brown  body  plumage  lacking  dusky  or  black 
feathers,  molt  limits  present  among  wing  coverts 
and/or  flight  feathers,  breast  and  rump  usually 
with,  pale  orange  yellow,  lacking  red  feathers. 
Duller  and  browner-winged  HY/SYs  probably 
female,  but  more  study  is  needed.  Gender  of  some 
HY/SY  males  (Jul-Jun)  can  be  assigned  by  having 
one  or  more  black  feathers  on  body  and/or 
contrastingly  red  feathers  in  rump,  later-molted 
flight  feathers  (especially  primary  10,  secondaries 
4-6,  or  several  rectrices),  if  replaced,  washed 
sooty  or  blackish.  U/AHY  female  (Sep-Aug) 
primarily  olive  without  dusky  or  black  feathers, 
wing  coverts,  remiges  and  rectrices  uniformly 
dark-brown,  rectrices  broad  and  truncate,  and 
breast  and  rump  rich  reddish-orange,  sometimes 
washed  red.  Occasional  older  females  may  have 
one  or  more  black  feathers.  AHY/ASY  male  (Jul- 
Jun)  has  mostly  black  body  plumage  and  flight 
feathers,  and  red  rump.  Some  SY/TYs  may  be 
identified  by  having  retained  brownish  juvenal  or 
formative  flight  feathers  (e.g.,  secondary  6)  or 
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body  plumage,  slightly-dusky  remiges  (males), 
and/or  yellowish  to  the  sides  of  the  rump  and 
undertail  region;  more  study  needed.  Wing:  F  = 
69-78  mm,  M  =  72-83  mm. 

Thraupis  episcopus  (Blue-grey  Tanager;  n  =  32 
specimens,  219  captures).  Breeds:  February- 
September.  Molts:  PF  partial  (May-Oct),  DPB 
complete  (May-Oct).  The  PF  includes  most  or  all 
lesser  coverts,  none  to  all  median  coverts,  and  0-9 
greater  coverts;  some  replace  all  greater  coverts  as 
well  as  several  tertials,  and  several  central 
rectrices.  Juveniles  of  both  genders  (Apr-Sep) 
have  body  plumage  washed  grayish.  HY/SY 
female  (Sep-Aug)  has  brownish  primary  coverts 
with  little  or  no  greenish  or  brownish  edging,  molt 
limits  present  in  the  wing  coverts,  replaced 
feathers  contrastingly  brighter  and  greenish-tur¬ 
quoise,  and  rectrices  fresher,  narrow,  brownish, 
and  washed  dull  greenish;  outer  primaries  dull 
brownish,  narrow,  and  relatively  worn.  HY/SY 
male  (Sep-Aug)  is  similar  to  HY/SY  female 
except  that  replaced  formative  greater  coverts 
average  more  blue  and  brighter.  AHY/ASY 
female  (Sep-Aug)  has  blackish  primary  coverts 
with  distinct  turquoise  green  edging;  wing  coverts 
uniform  in  color  and  wear,  rectrices  broad, 
truncate,  dusky,  and  washed  bright  greenish,  and 
outer  primaries  dusky,  truncate,  and  relatively 
fresh.  AHY/ASY  male  (Sep-Aug)  similar  except 
wing  coverts  distinctly  more  blue  and  brighter. 
Wing  coverts  in  all  age/gender  groups  show  a 
cline  from  brighter  and  more  blue  lesser  coverts, 
to  duller  and  more  green  median  coverts,  to  duller 
and  more  green  secondary  coverts.  Wing:  F  =  81- 
88  mm,  M  =  80-92  mm. 

Sporophila  corvina  (Variable  Seedeater;  n  =  40 
specimens,  962  captures).  Breeds:  April-August 
and  November-February.  Molts:  PF  incomplete- 
complete  (year  round?),  DPB  complete  (year 
round),  PA  possible.  Molts  and  plumages  confusing 
and  perhaps  unique;  fledglings  from  April-August 
breeding  season  have  an  incomplete  PF  (outer 
primaries,  some  rectrices,  secondaries  3-6  and/or 
scattered  body  feathers  retained)  whereas  fledglings 
from  November-February  breeding  season  appear 
to  retain  most  or  all  juvenile  plumage  until  May, 
when  a  complete  (PF  or  PB2?)  molt  likely  occurs 
through  the  summer.  Males  (at  least)  may  have  a 
PA1  and  DPA  (Nov-Feb)  including  some  body 
plumage  and  at  times  one  to  several  tertials  and 
central  rectrices;  confirmation  needed.  Juv/HYs 
(Nov-Sep)  or  SYs  (Jan-Sep)  of  both  genders  have 
entirely  gray-brown  body  plumage,  brownish 


primary  coverts,  brown  greater  coverts  with  thin 
buffy  tips,  and  rectrices  narrow  and  brownish.  HY/ 
SY  female  (Apr-Aug)  similar  except  body  plumage 
mixed  olive  and  brown,  molt  limits  occur  among 
wing  coverts  or  flight  feathers.  HY/SY  male  (Feb- 
Nov)  similar  to  HY/SY  female  except  incoming 
body  plumage  and  flight  feathers  black  or  dusky- 
black.  U/AHY  female  (Sep-Aug)  has  entirely 
brownish  olive  body  plumage,  dusky  primary 
coverts  with  distinct  brownish  olive  edging, 
uniformly  brownish  olive  wing  coverts  and  dusky 
flight  feathers,  and  rectrices  broad,  tmncate,  and 
dusky.  U/AHY  male  (Sep-Aug)  has  entirely  black 
body  plumage  and  flight  feathers.  Wing:  F  =  47- 
57  mm,  M  =  47-57  mm. 

Oryzoborus  funereus  (Thick-billed  Seed  Finch; 
n  =  38  specimens,  149  captures).  Breeds:  April- 
September.  Molts:  PF  partial  (Aug-Nov),  DPB 
incomplete-complete  (Aug-Nov).  The  PF  in¬ 
cludes  body  and  most,  or  all  wing  coverts 
(occasionally  up  to  5  juvenile  greater  coverts 
can  be  retained)  but  no  flight  feathers.  The  DPB 
appears  to  be  complete  (most  commonly),  al¬ 
though,  it  apparently  can  also  be  eccentric  (more 
commonly  during  the  PB2?)  with  up  to  four  inner 
primaries  and  primary  coverts,  and  four  outer 
secondaries  retained;  more  study  needed.  Juve¬ 
niles  (Jun-Sep)  have  pale  grayish  brown  body 
plumage  and  loosely  textured  feathers;  genders 
are  similar,  however,  some  juvenile  males  may 
have  slightly  duskier  flight  feathers.  HY/SYs  of 
both  genders  (Aug-Sep)  have  entirely  tawny  body 
plumage  lacking  dusky  centers  to  feathers,  molt 
limits  among  greater  coverts  or  between  these  and 
brown  primary  coverts,  and  rectrices  relatively 
thin  and  worn.  Some  HY/SY  males  (Aug-Nov) 
can  be  identified  by  plumage  averaging  richer 
tawny  and/or  with  one  or  more  dusky  to  blackish 
feathers;  crown  feathers  often  with  dusky  centers, 
and  remiges  and  rectrices  often  washed  dusky. 
AHY/ASY  female  (Sep-Aug)  has  entirely  tawny 
body  plumage,  crown  without  dusky-centered 
feathers,  wing  coverts  uniform  in  wear,  primary 
coverts  dusky,  and  rectrices  relatively  broad  and 
fresh.  AHY/ASY  male  (Oct-Sep)  has  entirely 
black  body  plumage  and  flight  feathers.  Some  SY/ 
TY  males  (Sep-Aug)  may  be  identified  by  having 
black  plumage  except  tawny  wash  on  belly  and 
vent.  AHY/ASYs  showing  eccentric  patterns  may 
be  identifiable  as  TYs  (with  retained  dusky- 
washed  juvenile  feathers)  or  ATYs  (with  black 
retained  feathers);  more  study  needed.  Wing:  F  = 
49-56  mm,  M  =  49-59  mm. 
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FIG.  1.  Breeding  seasonality  for  27  resident  bird  species  captured  in  Tortuguero,  Costa  Rica  from  1994  to  2006. 
Breeding  seasonality  was  inferred  based  on  presence  of  brood  patch,  cl'oacal  protuberance,  juxtaposition  of  the  prebasic 
molt,  and  presence  of  juveniles  coupled  with  a  specimen  review. 


Habia  fuscicauda  (Red-throated  Ant  Tanager;  n 
=  39  specimens,  76  captures).  Breeds:  April- 
October.  Molts:  PF  partial  (Aug-Dec),  DPB 
complete  (Aug-Dec).  The  PF  includes  most  or 
all  lesser  and  median  coverts,  and  a  variable 
number  of  greater  coverts  but  few  or  no  flight 
feathers;  look  for  several  tertials  and  several 
central  rectrices  at  times  to  be  replaced.  Juveniles 
of  both  genders  (Feb-Oct)  have  body  plumage 
washed  tawny,  brownish  olive  upperparts,  and 
brownish  olive  on  sides  and  chest.  HY/SY 
females  (Aug-Jul)  have  upperparts  olive,  throat 
yellow,  molt  limits  among  greater  coverts,  and 
rectrices  tapered,  worn,  and  greenish  (at  times 
reddish),  the  central  feathers  occasionally  re¬ 
placed.  AHY/ASY  female  (Aug-Jul)  has  upper- 
parts  brown,  throat  yellow  to  orange,  uniform 
greater  coverts,  and  rectrices  truncate,  fresh,  and 
washed  olive,  tawny  or  greenish.  HY/SY  males 
(Aug-Jul)  have  upperparts  brown,  throat  bright- 
red,  and  molt  limit  and  rectrix  criteria  as  in  HY/ 
SY  female.  AHY/ASY  male  has  dark  red 


upperparts;  throat  bright-red  and  molt  limit  and 
rectrix  criteria  as  in  AHY/ASY  female.  Some 
older  females  can  resemble  AHY/ASY  males 
except  for  pinkish  throat  and  light-red  back,  while 
some  AHY/ASY  males  can.  have  interspersed 
greenish  feathers.  Wing:  F  =  83-94  mm  and  M  = 
85-104  mm. 

DISCUSSION 

We  provide  molt  patterns,  breeding  seasonality, 
and  age  and  gender  criteria  using  12  years  of 
banding  data  and  a  museum  review  for  27  resident 
birds  in  northeastern  Costa  Rica.  Three  potential 
factors  may  confound  our  data:  (1)  data  presented 
were  collected  by  hundreds  of  volunteers  promot¬ 
ing  observer  bias  and  data-quality  heterogeneity; 

(2)  the  specimen  review  is  largely-based  on 
specimens  collected  outside  the  study  area;  and 

(3)  banding  operations  were  not  sustained  during 
June  and  July.  Continuing  data  collection  will 
further  increase  the  precision  of  our  molt  and 
breeding  accounts.  Potential  complications  asso- 


Wolfe  et  al.  •  MOLT  AND  BREEDING  CYCLES  OF  COSTA  RICAN  BIRDS 


565 


December 

November 

October 

September 

August 

July 

June 

May 

April 

March 

February 

January 


I 


■§ 


£> 

ST 

c: 

o 

co' 

CD 

CD 

CD 

C; 

co 


3 

Q5 

CD 

S 

O 

§ 

CO' 

o 

Q 

CQ 

3 

CO 

3" 

co' 


3 


CD 

CD  ^ 
3!  O 
CO  CO 


3 


o  rr 
®  -® 
3  ^ 

S-  & 


~h  —r 


CD  CD 
CD  co 


Q 

CD 

CD 


CO 

CD 

=3 

O 

S 

o 

3 

CD 

CD 


O 

o 

o 

ST 

~q 

3“ 

CO 

CO 

o 

cB* 


c  c: 

CO  CO 
Q_  CD 

S-  S'- 
S'  g 

§  §* 

CD 


CO  CD 
?  CQ 

Q' 
CD 
Q 
CO 


5 

*0' 


I 

*§ 

I 

& 

o 

Q 

3. 

CD 

3 

Co 


3 

3 

S 

o 

3 

CO 

Q 

CQ- 

Q 

O' 

CD 


7} 

CD 

3 

*CJ 

o 

o 

CD 

3* 

CO 


~o 

_  CD 

o  CO 
Co  CD 

5  3. 

CO  5 


^  -5? 

3  9 


■§ 

O' 


CD  CD 

rN 


CD 

O' 

3' 

3* 

CO 

o 

o' 

CD 

Q 

& 


FIG.  2.  Timing  of  the  prebasic  molt  for  27  resident  bird  species  captured  in  Tortuguero,  Costa  Rica  from  1994  to  2006. 
Darker  portions  of  the  figure  indicate  symmetrical  flight-feather  replacement  of  captured  birds  at  Totuguero.  Banding 
activities  were  suspended  during  June  and  July;  molt  criteria  for  June  and  July  were  based  on  the  juxtaposition  of  molt 
patterns  during  May  and  August,  and  specimen  review.  Symmetrical  flight-feather  replacement  during  June  and  July  was 
based  on  juxtaposition  of  molt  patterns  of  captured  birds  during  May  and  August. 


dated  with  data  collection  exist;  however,  our 
study  provides  novel  information  associated  with 
basic  phases  of  the  avian  life  cycle  and  utilitarian 
data  pertaining  to  age  and  gender  classification. 

Plumage  and  molt-based  criteria  can  be  readily 
used  to  classify  age  in  59%  of  our  study  species 
(in-hand).  Molt-based  aging  criteria  remain  elu¬ 
sive  for  hummingbirds  and  (apparently)  wood- 
creepers  _  due  to  complete  preformative  molts. 
Plumage-based  gender  criteria  can  be  used  for 
70%  of  our  study  species  in  post-juvenile 
plumages.  Ultimately,  molt  and  plumage-based 
criteria  can  be  used  to  place  the  majority  of 
captured  study  species  into  discreet  age  and 
gender  categories. 

Breeding  seasons  (derived  from  TIBMP  band¬ 
ing  data)  differ  in  duration  and,  in  some  cases, 
seasonality  from  other  published  accounts  of 
temperate  and  neotropical  birds  (Skutch  1950, 
Snow  and  Snow  1964,  Snow  1976,  Sinclair  1978, 
Stiles  and  Skutch  1989,  Marini  and  Duraes  2001). 


For  example,  the  breeding  activity  of  avian 
communities  in  Minas  Gerais,  Brazil  peaked  in 
November  while  breeding  activity  in  Costa  Rica 
peaks  in  April  and  May  (Skutch  1950,  Marini  and 
Duraes  2001;  Fig.  1).  The  asynchronous  nature  of 
breeding  among  closely  related  taxa  presents  a 
problem  for  neotropical  field  ornithologists. 
Breeding  season  variability  throughout  the  tropics 
becomes  more  dramatic  in  systems  influenced  by 
stochastic  precipitation  regimes  or  lowland  sys¬ 
tems  near  the  equator  where  birds  may  breed  year- 
round  or  immediately  following  precipitation 
events  (Snow  and  Snow  1964,  Poulin  et  al. 
1992).  The  apparent  variation  in  breeding  seasons 
across  the  Neotropics  complicates  classifying  age 
of  tropical  landbirds;  for  example,  19%  of  our 
study  species  are  believed  to  breed  across  1 
January,  the  definitive  date  used  to  categorize  age 
class.  Applying  temperate  models,  such  as  the 
calendar-year  age-classification  system,  may  not 
be  appropriate  in  tropical  latitudes  due  to 
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asynchronous  breeding  seasons  represented  by 
certain  taxa.  Bimodal  breeding  seasons  are 
another  interesting  phenomenon  best  represented 
by  Sporophila  corvina.  Whether  this  phenomenon 
is  resource-based  or  predator  induced  is  unclear 
and  merits  further  research. 

Our  data  show  that  annual  molt-cycle  season¬ 
ality  is  apparently  less  distinct  in  some  neotropical 
residents,  whereas  most  demonstrate  more  struc¬ 
tured  seasonality  (Fig.  2).  The  majority  (70%)  of 
our  study  species  symmetrically  replaced  flight 
feathers  during  the  absence  of  migrant  birds  (Apr- 
Aug);  this  may  reflect  the  presence  of  protracted 
molts  or  a  strategy  which  potentially  decreases 
resource  competition  during  molt,  an  energetically 
demanding  phase  of  a  bird’s  life  cycle. 

The  data  presented  here  are  important  in 
making  resident  neotropical  bird  age  and  gender 
criteria  readily  available  for  future  researchers. 
We  encourage  other  tropical  banding  efforts  to 
publish  similar  studies.  The  future  synthesis  of 
such  information  will  advance  our  understanding 
of  avian  natural  history  and  promote  further 
research  in  tropical  latitudes. 

ACKNOWLEDGMENTS 

We  thank  all  of  the  volunteer  bird  banders  that  have 
made  the  Tortuguero  Integrated  Bird  Monitoring  Project 
possible,  T.  B.  Ryder  and  M.  D.  Johnson  for  an  initial 
manuscript  review,  and  P.  A.  Herrera  and  Walter  Sakai  for 
their  efforts  in  Tortuguero.  James  Dean.  Christina  Gebhart, 
and  Storrs  Olson  assisted  Pyle  with  specimen  examination 
at  USNM.  This  is  a  contribution  of  the  Tortuguero 
Integrated  Bird  Monitoring  Project  and  is  contribution 
Number  365  of  the  Institute  for  Bird  Populations. 

LITERATURE  CITED 

Aidley,  D.  J.  and  R.  Wilkinson.  1987.  Moult  of  some 
Palaearctic  warblers  in  northern  Nigeria.  Bird  Study 
34:219-225. 

Avery,  M.  L.  1985.  Annual  molt  pattern  in  a  Malaysian 
population  of  Fantail  Warblers  ( Cisticola  juncidis). 
Condor  87:346-349. 

Bancroft,  G.  T.  and  G.  E.  Woolfenden.  1982.  The  molt 
of  Scrub  Jays  and  Blue  Jays  in  Florida.  Ornithological 
Monographs  29. 

Bensch,  S.,  D.  Hasselquist,  A.  Hedenstrom,  and  U. 
Ottosson.  1991.  Rapid  moult  among  Palaearctic 
passerines  in  West  Africa — an  adaptation  to  the 
oncoming  dry  season?  Ibis  133:47-52. 

Cohen,  E.  B.  and  C.  A.  Lindell.  2004.  Survival,  habitat 
use,  and  movements  of  fledgling  White-throated 
Robins  in  a  Costa  Rican  agricultural  landscape.  Auk 
121:404-414. 

Diamond,  A.  W.  1974.  Annual  cycles  in  Jamaican  forest 
birds.  Journal  of  Zoology  173:277-301. 


Dickey,  D.  R.  and  A.  J.  van  Rossem.  1938.  The  birds  of  El 
Salvador.  Field  Museum  Natural  History  Zoological 
Series,  Volume  23.  Chicago,  Illinois,  USA. 

Foster,  M.  S.  1975.  The  overlap  of  molting  and  breeding  in 
some  tropical  birds.  Condor  77:304—314. 

Greenberg,  R.  and  J.  Gradwohl.  1997.  Territoriality, 
adult  survival,  and  dispersal  in  the  Checker-throated 
Antwren  in  Panama.  Journal  of  Avian  Biology 
28:103-110. 

Hemborg,  C.  1999.  Sexual  differences  in  moult-breeding 
overlap  and  female  reproductive  costs  in  Pied 
Flycatchers,  Ficedula  hypoleuca.  Journal  of  Animal 
Ecology  68:429^136. 

Howell,  S.  N.  G„  C.  Corben,  P.  Pyle,  and  D.  I.  Rogers. 
2003.  The  first  basic  problem:  a  review  of  molt  and 
plumage  homologies.  Condor  105:635-653. 

Jones,  P.  J.  1995.  Migration  strategies  of  Palearctic 
passerines  in  Africa.  -Israel  Journal  of  Zoology 
41:393-406.  /'  - 

Marini,  M.  A.  and  R.  Duraes.  2001.  Annual  patterns  of 
molt  and  reproductive  activity  of  passerines  in  south- 
central  Brazil.  Condor  103:767-775. 

Payne,  R.  1972.  Mechanisms  and  control  of  molt.  Pages 
104-155  in  Avian  biology,  Volume  2  (D.  S.  Famer,  J. 
R.  King,  and  K.  ,C.  Parkes,  Editors).  Academic  Press, 
New  York,  USA. 

Poulin,  B.,  G.  Leeebvre,  and  R.  McNeil.  1992.  Tropical 
avian  phenology  in  relation  to  abundance  and 
exploitation  of  food  resources.  Ecology  73:2295-2309. 

Prys-Jones,  R.  P.  1982.  Molt  and  weight  of  some  land- 
birds  on  Dominica,  West  Indies.  Journal  of  Field 
Ornithology  53:352-362. 

Pyle,  P.  1997.  Identification  guide  to  North  American  birds. 
Part  1 .  Slate  Creek  Press,  Bolinas,  California,  USA. 

Pyle,  R,  A.  McAndrews,  P.  Vel£z,  R.  L.  Wilkerson,  R. 
B.  Siegel,  and  D.  F.  Desante.  2004.  Molt  patterns 
and  age  and  sex  determination  of  selected  southeastern 
Cuban  landbirds.  Journal  of  Field  Omfthology  75:136- 
145. 

Ralph,  C.  J.,  G.  R.  Geupel,  P.  Pyle,  T.  E.  Martin,  D.  F. 
Desante,  and  B.  Mila.  1996.  Manual  de  Metodos  de 
Campo  Para  el  Monitoreo  de  Aves  Terrestres.  USDA 
Forest  Service,  General  Technical  Report  PSWGTR- 
159.  Pacific  Southwest  Research  Station,  Albany, 
California,  USA. 

Ralph,  C.  J.,  M.  J.  Widdowson,  R.  I.  Frey,  P.  A. 
Herrera,  and  B.  P.  O’Donnell.  2005.  An  overview 
of  a  landbird  monitoring  program  at  Tortuguero,  on 
the  Caribbean  coast  of  Costa  Rica.  USDA  Forest 
Service,  General  Technical  Report  PSW-GTR-191. 
Pacific  Southwest  Research  Station,  Albany,  Califor¬ 
nia,  USA. 

Ryder,  T.  B.  and  J.  D.  Wolfe.  2009.  The  current  state  of 
knowledge  on  molt  and  plumage  sequences  in  selected 
neotropical  bird  families:  a  review.  Ornitologia 
Neotropical  20:1-18. 

Sandercock,  B.  K.,  S.  R.  Beissinger,  S.  H.  Stoleson,  R. 
R.  Melland,  and  C.  R.  Hughes.  2000.  Survival  rates 
of  a  neotropical  parrot:  implications  for  latitudinal 
comparisons  of  avian  demography.  Ecology  81:1351- 
1370. 


Wolfe  et  al.  •  MOLT  AND  BREEDING  CYCLES  OF  COSTA  RICAN  BIRDS 


567 


Sinclair,  A.  R.  E.  197S.  Factors  determining  the  food 
supply  and  breeding  season  of  resident  birds  and 
movements  of  Palaearctic  migrants.  Ibis  120:480-497. 

Skutch,  A.  S.  1950.  The  nesting  seasons  of  Central 
American  birds  in  relation  to  climate  and  food  supply. 
Ibis  92:185-222. 

Smithe,  F.  B.  1975.  Naturalist’s  color  guide.  Part  I.  Color 
guide.  American  Museum  of  Natural  History,  New 
York,  USA. 

Snow,  D.  W.  1976.  The  relationship  between  climate  and 
annual  cycles  in  the  Cotingidae.  Ibis  118:366-401. 

Snow,  D.  W.  and  B.  K.  Snow.  1964.  Breeding  seasons  and 
annual  cycles  of  Trinidad  land-birds.  Zoologica  (New 
York)  49: 1-39. 


Stiles,  F.  G.  and  A.  S.  Skutch.  1989.  A  guide  to  the  birds 
of  Costa  Rica.  Cornell  University  Press,  Ithaca,  New 
York,  USA. 

Thompson,  B.  C.  and  R.  D.  Slack.  1983.  Molt-breeding 
overlap  and  timing  of  pre-basic  molt  in  Texas 
Least  Terns.  Journal  of  Field  Ornithology  54:187- 
190. 

Wolfe,  J.  D.,  R.  B.  Chandler,  and  D.  I.  King.  2009.  Molt 
patterns,  age,  and  sex  criteria  for  selected  highland 
Costa  Rican  resident  landbirds.  Ornitologia  Neotrop¬ 
ical  20:In  press. 

Zaias,  J.  and  R.  Breitwisch.  1989.  Intra-pair  cooperation, 
fledgling  care,  and  renesting  by  Northern  Mocking¬ 
birds  (Mimus  polyglottos).  Ethology  80:94-110. 


The  Wilson  Journal  of  Ornithology  121  (3):568 — 584,  2009 


VOCAL  REPERTOIRES  OF  AUKLETS  (ALCIDAE:  AETHIINI): 
STRUCTURAL  ORGANIZATION  AND  CATEGORIZATION 

SAMPATH  S.  SENEVIRATNE,1,2  IAN  L.  JONES,1 2  AND  EDWARD  H.  MILLER1 

ABSTRACT. — We  categorized  and  quantified  the  complete  vocal  repertoires  of  breeding  adult  auklets  (Aethiini,  5 
species)  in  their  breeding  areas  to  provide  a  baseline  for  comparative  study  of  the  structure  and  function  of  vocalizations 
within  this  monophyletic  group  of  seabirds.  We  recognized  22  call  types  across  species  and  3-5  call  types  for  each  species. 
Calls  were  characterized  by  one  to  five  frequency  modulated,  harmonically  rich  note  types  arranged  sequentially  in  varied 
combinations.  Frequency  attributes  varied  more  than  temporal  attributes  within  and  across  species.  Repertoires  and  display 
complexity  of  nocturnal  and  diurnal  species  did  not  differ  consistently.  We  recognized  two  major  forms  of  vocal  display: 
alternating  arrangement  of  note  types  (Cassin’s  Auklet  [Ptychoramphus  aleuticus ]  and  Parakeet  Auklet  [Aethia  psittacula])', 
and  sequentially  graded  arrangement  of  note  types  (Least  Auklet  [A.  pusilla]  and  Whiskered  Auklet  [A.  pygmaea]).  One 
species’  repertoire  (Crested  Auklet  [A.  cristatella ])  was  composed  of  a  mix  of  the  two  forms  of  display.  There  were  vocal 
homologies  in  frequency  modulation  of  notes,  arrangement  of  notes,  and  note  type  composition  of  displays.  Our  analysis 
revealed  vocal  similarities  between:  (1)  two  species  not  normally  grouped  together ’(Cassin’s  and  Parakeet  auklets);  and  (2) 
Whiskered  and  Crested  auklets,  which  have  been  suggested  previously  to  be  closely  related.  Received  18  January  2008. 
Accepted  3  February  2009. 


Vocal  and  other  animal  displays  typically  are 
correlates  of  speciation  and  population  divergence 
(Lanyon  1969;  Payne  1986;  Martens  1996;  Price 
and  Lanyon  2002;  Isler  et  al.  2005,  2007),  and  are 
used  routinely  in  modern  species-level  systemat- 
ics  (Cuervo  et  al.  2005,  Athreya  2006,  Gonzaga  et 
al.  2007).  Vocalizations  that  are  not  learned  are 
likely  to  be  especially  informative  in  elucidating 
relationships;  those  vocalizations  are  widespread 
as  they  typify  most  non-passerine  bird  families 
(Baptista  and  Schuchmann  1990,  Farabaugh  and 
Dooling  1996,  Price  and  Lanyon  2002,  Jarvis 
2006).  Some  vocal  traits  likely  represent  conver¬ 
gence  due  to  selection  for  effective  transmission 
in  similar  habitats  (McCracken  and  Sheldon  1 997, 
Seddon  2005),  and  some  vocal  homoplasies  could 
occur  due  to  similar  functions  in  different  acoustic 
environments  (Marler  1955).  Most  studies  of 
vocal  relationships  between  species  have  used 
single  vocal  homologues  (Davis  1962,  1965; 
Winkler  and  Short  1978;  Slabbekoorn  et  al. 
1999;  Seddon  2005;  Shelley  and  Blumstein 
2005),  but  a  few  have  used  entire  repertoires 
(Price  and  Lanyon  2002).  The  latter  approach  is 
preferable  because  analysis  of  at  least  a  few'  sound 
classes  is  necessary  to  understand  acoustic 
differentiation  in  groups  with  complex  vocaliza¬ 
tions  or  large  repertoires  (Price  and  Lanyon  2002, 
Isler  et  al.  2007). 
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The  Alcidae  (subfamily  Alcinae;  Thomas  et  al. 
2004)  diverged  from  the  lineage  leading  to  skuas 
and  jaegers  (Skua  and  Stercorarius',  Paton  et  al. 
2003,  Thomas  et  al.  2004,  Paton  and  Baker  2006, 
Fain  and  Houde  2007)  about  60  My  a  (Pereira  and 
Baker  2008).  Relationships  among  the  auklets 
(tribe  Aethiini)  remain  unclear,  but  it  is  agreed  the 
five  extant  species  constitute  a  monophyletic 
group:  Cassin’s  Auklet  ( Ptychoramphus  aleuti¬ 
cus),  Crested  Auklet  ( Aethia  cristatella),  Least 
Auklet  (A.  pusilla),  Parakeet  Auklet  (A.  psitta¬ 
cula),  and  Whiskered  Auklet  (A.  pygmaea) 
(Strauch  1985,  Mourn  et  al.  1994,  Friesen  et  al. 
1996,  Thomas  et  al.  2004). 

Auklets  are  highly  vocal  at  their  breeding 
colonies,  and  mixed-species  colonies  are  nearly 
universal  in  Alaska.  The  social  environments  of 
auklets  are  similar  across  species:  they  are  colonial 
and  socially  monogamous,  and  males  and  females 
are  nearly  identical  in  plumage  and  body  size.  Only 
Cassin’s  and  (in  most  colonies)  Whiskered  auklets 
are  nocturnally  active.  However,  they  inhabit 
acoustically  diverse  habitats  (Jones  1993a,  b; 
Manuwal  and  Thoresen  1993;  Gaston  and  Jones 
1998;  Jones  1999;  Jones  et  al.  2001),  and  divergent 
■adaptations  to  different  physical  environments  are 
possible  (Endler  1993,  Nicholls  et  al.  2006).  For 
example,  four  auklet  species  breed  in  rocky 
habitats  or  on  cliffs,  but  Cassin’s  Auklets  breed 
on  slopes  with  soft  earth,  covered  with  dense  grass 
and  occasionally  trees  (Thoresen  1964,  Manuwal 
and  Thoresen  1993). 

We  conducted  a  comparative  study  of  auklet 
vocalizations  to  elucidate  vocal  relationships 


568 


Seneviratne  et  al.  •  AUKLET  VOCAL  REPERTOIRE 


569 


among  auklet  species;  this  is  the  first  comparative 
study  for  the  Alcidae.  The  objectives  of  our  study 
were  to:  (1)  quantify  and  characterize  the 
structural  organization  of  vocal  repertoires,  (2) 
relate  vocal  repertoires  to  species  differences  in 
phylogeny  and  ecology,  and  (3)  identify  vocal 
displays  of  significance  to  conservation-restora¬ 
tion  projects.  We  describe  vocalizations  and  vocal 
behavior,  standardize  terminology,  and  identify 
possible  applications. 

METHODS 

Study  Sites  and  Recording  Methods. — Record¬ 
ings  were  made  in  the  Aleutian  Islands,  Alaska: 
Buldir  Island  (52°  22'  N,  175°  54'  E),  25  May  to 
7  June  2005  and  25  May  to  24  July  2006;  and  Egg 
Island  (53°  52'  N,  166°  03'  W),  15  June  to  11 
July  2005.  Both  are  grass-covered,  treeless 
volcanic  islands  with  beach  boulders  and  exposed 
talus  slopes,  and  large  breeding  colonies  of 
auklets  (Byrd  and  Day  1986,  Bradstreet  and 
Herter  1991).  All  five  auklet  species  breed  on 
Buldir  Island;  Cassin’s,  Parakeet,  and  Whiskered 
Auklets  breed  on  Egg  Island. 

Recordings  were  made  opportunistically  during 
times  of  peak  activity:  Cassin’s  Auklet,  0200- 
0500  hrs  (Aleutian  standard  time);  Crested  and 
Least  auklets,  0900-1400  hrs;  Parakeet  Auklet, 
0600-1200  hrs;  and  Whiskered  Auklet,  1800- 
0200  and  0400-0600  hrs.  We  recorded  birds 
separated  by  at  least  10  m  to  minimize  the 
possibility  of  recording  individuals  more  than 
once.  Cassin’s  and  Whiskered  auklets  were 
recorded  at  night  with  the  aid  of  a  red  lithium 
electrode  diode  headlamp  (Zubakin  and  Konyu¬ 
khov  1999).  All  recordings  were  of  undisturbed 
birds. 

Equipment. — We  recorded  birds  with  a  Sony 
TCD-D10PROII  Digital  Audio  Tape  recorder 
(sampling  rates  32,  44.1,  or  44.2  kHz),  or  Fostex 
FR-2  solid-state  recorder  (sampling  rate 
48.1  kHz)  with  Senheiser  MKH  70  or  MKH  816 
directional  microphones  (with  wind  guard  and 
wind  sock)  and  3-30  m  cables.  Microphones  were 
tripod-mounted  or  hand-held.  Recording  sessions 
with  individual  birds  were  30  min  to  3  hrs  in 
duration  and  contained  multiple  continuous  re¬ 
cordings  of  2-10  min  in  duration,  each  accompa¬ 
nied  by  behavioral  observations.  We  recorded 
birds  at  distances  of  —2-6  m  and  recording 
sessions  totaled  —80  hrs. 

All  birds  were  assumed  to  be  breeding  adults  as 
calling  birds  are  mostly  adults,  and  adults 


predominate  at  colony  sites  in  the  early  and  mid 
breeding  season  (Jones  1993a,  b;  Manuwal  and 
Thoresen  1993;  Jones  et  al.  2001;  Zubakin  and 
Konyukhov  2001).  Gender  of  calling  birds  was 
known  only  for  Crested  Auklets,  based  on  the 
distinctive  bill  shape  and  courtship  display  (Jones 
1993c). 

Acoustic  Description  and  Measurement. — We 
selected  recordings  of  good  quality  for  analysis 
with  Raven  1.2.1  (Bioacoustics  Program,  Cornell 
Laboratory  of  Ornithology,  Ithaca,  NY,  USA). 
Blackman  window  was  used  for  all  analyses. 
Other  analytical  settings  for  Cassin’s  and  Parakeet 
auklets  were:  window  size,  800  samples;  3  dB 
filter  bandwidth,  90.5  Hz;  time  grid  overlaps, 
75%;  and  frequency  grid  spacing,  43.1  Hz. 
Corresponding  settings  for  Crested  and  Whiskered 
auklets  were  512  samples,  141  Hz,  90%,  and 
86.1  Hz;  and  for  Least  Auklet  were  250  samples, 
289  Hz,  50%,  and  172  Hz.  The  dominant  har¬ 
monic  was  judged  from  the  spectrogram  slice 
view. 

We  used  a  combination  of  audible  differences, 
overall  visual  impressions  of  vocal  sequences,  and 
constituent  sound  notes  on  spectrograms  (Marler 
and  Pickert  1984,  Jones  et  al.  1989,  Hailman  and 
Ficken  1996,  Marler  and  Slabbekoorn  2004, 
Seddon  2005),  and  explicit  measurements  of 
physical  properties  to  characterize  vocal  reper¬ 
toires.  We  referred  to  classes  of  basic  sound 
elements  as  “notes”  following  Marler  and  Pickert 
(1984),  and  Marler  and  Slabbekoorn  (2004).  We 
recognized  note  types  to  separate  overall  acoustic 
variation,  and  to  characterize  overall  acoustic 
diversity  within  species,  rather  than  to  approxi¬ 
mate  natural  display  classes.  We  pooled  brief 
elements  (e.g.,  the  first  3  in  Fig.  1A  [a,  b,  a])  as  a 
single  note  type  (note  type  V),  separated  graded 
series  into  several  note  types  (e.g.,  note  types  I 
and  III  in  Fig.  1A),  and  pooled  acoustically 
similar  parts  of  different  calls  (e.g.,  note  types  II 
and  III  in  Fig.  1A,  C). 

We  measured  duration,  frequency,  modulation 
of  the  carrier  frequency,  and  harmonic  structure 
(Fn,  frequency  of  nth  harmonic;  F0,  fundamental 
frequency;  F^,  frequency  of  the  most  strongly 
expressed  harmonic  [i.e.,  the  harmonic  with  the 
highest  intensity  in  the  power  spectrum];  CFn, 
carrier  frequency  of  the  n,h  harmonic;  and  FM, 
frequency  modulation  of  CF).  Frequency  was 
estimated  from  spectrograms  by  selecting  the 
beginning,  end,  highest,  and  lowest  points  of  the 
signal.  The  frequency  of  the  signal  is  that  of  the 
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FIG.  1 .  Calls  of  Cassin’s  Auklet.  (A)  Kut-l-eer  (two  panels).  The  last  three  (a,  b,  a)  of  a  long  series  of  introductory  notes 
are  shown.  Some  note  types  (nt-)  are  marked  on  this  and  other  panels.  Introductory  notes  correspond  to  the  beginning  (b*) 
and  end  (a*)  of  each  note  couplet  in  the  high-intensity  portion  of  the  call.  (B)  Kreerr-er.  The  first  faint  note  is  not  shown. 
(C)  Kut-reeah  (section  of  the  high-intensity  portion  of  an  18-sec  long  call).  The  3-kHz  line  is  a  visual  guide. 


selected  rectangle’s  center  (in  Raven).  We 
estimated  FM  by  selecting  the  lowest  and  highest 
frequencies  of  the  signal,  and  taking  the  frequency 
difference  between  these  two  points  from  the 
selection  table  (in  Raven).  Display  types  were 
identified  for  each  species  based  on  the  compo¬ 
sition  of  note  types  and  audile  plus  visual 
characteristics,  most  of  which  were  easily  and 
reliably  distinguishable  in  the  field.  Our  nomen¬ 
clature  partly  follows  previous  published  descrip¬ 
tions  (Thoresen  1964;  Byrd  and  Williams  1993; 
Jones  1993a,  b;  Manuwal  and  Thoresen  1993; 
Jones  et  al.  2001),  but  we  provide  new  names  for 
previously  unrecognized  call  types. 

RESULTS 

Auklet  repertoires  encompassed  22  call  types, 
which  were  built  on  1-5  frequency  modulated  and 
harmonically  rich  note  types  (28  types  across 
species)  arranged  sequentially  in  varied  combina¬ 
tions  (Fig.  1).  Most  notes  were  strongly  harmonic, 
brief,  and  with  pronounced  FM  (Table  1,  Fig.  1). 
Characteristics  of  notes  and  their  organization  in 
displays  were  uniform  within  species. 


Cassin’s  Auklet. — Adults  had  three  kinds  of 
calls,  all  with  harsh  screeching  qualities;  some 
were  long  (—50  sec).  They  ranged  from  2  to 
50  sec  (means  =  4-18  sec).  All  calls  consisted  of 
rhythmically  repeated  notes  or  note  couplets;  the 
latter  appear  to  represent  vocalizations  during 
alternating  inspirations  and  expirations.  The  low 
number  of  call  types  was  paralleled  by  little 
structural  diversity  across  the  five  note  types  we 
recognized  (e.g.,  F^  varied  only  from  2.2  to 
3.1  kHz;  Table  1).  Call  types  differed  little  in 
diversity  (range  =  2^4  note  types). 

Kut-I-eer  (I)  (Fig.  1A;  Tables  1,  2).  This  long 
complex  call  began  and  ended  with  simple  notes, 
which  graded  into  a  more  complex  main  part.  The 
introductory  note  series  at  times  was  long 
(—300  msec);  the  terminal  series  was  brief.  This 
call  was  structured  on  note  couplets,  which  were 
apparent  even  in  the  introductory  and  terminal 
note  series.  The  brief  introductory  notes  marked 
as  “a”  and  “b”  (Fig.  1A,  representing  note  type 
V)  are  structurally  identical  to  the  termination 
(e.g.,  a*)  and  beginning  (e.g.,  b*),  respectively,  of 
the  more  complex  notes  in  the  main  portion  of  the 
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TABLE  2.  Descriptive  statistics  (x  ±  SD,  range,  n)  for  call  duration,  inter-note  interval  (range),  and  note-type  composition  (x,  range)  of  auklet  (Aethiini)  vocalizations.  Two  note 
types  of  Whiskered  Auklet  were  excluded  due  to  small  sample  sizes. 
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TABLE  3.  Occurrence  of  auklet  vocal  displays  : 
occurrence  of  the  display  in  the  given  context:  *** 

in  special,  temporal,  and  behavioral  situations.  Qualitative  score  for  the 
predominant;  **  common;  *rare,  (*)  occurrence  is  likely. 

Auklet  species 

Display 

Occurrence 

Time 

At  the  colony 

At  sea 

In  fligh 

Social  interactions 

Day 

Night 

Surface 

In  crevice 

t  Courting 

Advertisement  Contact/alarm 

Cassin’s 

Kut-l-er 

*** 

* 

*** 

*** 

** 

Kut-reearh 

*** 

*** 

Kree-er 

*** 

sfc  % 

*** 

Parakeet 

Whinny 

*** 

* 

*** 

* 

*** 

*** 

Raft  Whinny 

*** 

* 

*** 

*** 

Short  Whinny 

*** 

** 

*** 

** 

(**) 

(**) 

Chip 

** 

*** 

** 

Squeal 

** 

** 

*** 

*** 

Crested 

Cackle 

*** 

* 

*** 

** 

* 

*** 

Trumpet 

*** 

* 

*** 

** 

* 

** 

*** 

Hoot 

*** 

* 

* 

*** 

*** 

Whine 

** 

** 

*** 

v 

*** 

Bark 

** 

*** 

4c  4* 

*** 

*** 

4-  4-  -t- 

Whiskered 

Duet  Beedoo 

*** 

* 

*** 

** 

*** 

(*) 

Metallic  Beedoo 

*** 

*** 

*** 

** 

*** 

Staccato  Beedoo 

*** 

*** 

(*) 

*** 

Mew 

ijesjc 

*** 

*** 

*** 

* 

4=4=4: 

Bark 

* 

** 

4=4= 

Least 

Chatter 

** 

*** 

** 

*** 

Deep  chatter 

** 

*** 

* 

*** 

Chirp 

*** 

* 

** 

*** 

*** 

4=4=4= 

Chirr-buzz 

** 

* 

*** 

** 

4=4=4= 

call  (broadband,  brief,  tonal  with  variable  noise, 
and  frequency  decreasing  or  increasing).  The  first 
note  of  these  complex  couplets  shifted  from  a 
brief  introduction  (b*)  to  a  frequency  increasing 
tonal  section.  The  second  note  began  after  a  brief 
interval  at  about  the  same  frequency  as  the  first 
note  ended,  as  a  rapidly  modulated  (pulsed) 
frequency  decreasing  tone,  which  shifted  to  the 
terminal  portion  (e.g.,  a*).  The  silent  interval 
within  couplets  decreased  as  the  call  progressed. 
We  interpret  the  Kut  portion  to  occur  on 
expiration,  and  eer  to  represent  inspiration.  Kut- 
I-eer  was  the  most  common  call  and  was  delivered 
as  single  utterances,  as  duets,  or  in  group  displays 
(“Kreek  chorus”)  from  within  the  breeding 
burrow  at  night  (Table  3). 

Kreerr-er  (II)  (Fig.  IB;  Tables  1,  2).  This  fairly 
brief  and  simple  (2  note  types)  call  was  a  series  of 
6-10  notes.  Each  note  consisted  of  5-10  broad¬ 
band  pulses.  It  sounded  like  a  rapid  “kreer... 
er...kreer..er...” .  This  call  at  times  was  performed 
as  a  duet;  single  notes  like  those  in  this  call  type 
were  used  as  flight  calls  at  night,  mostly  by  birds 
departing  the  colony  (Table  3). 

Kut-reeah  (III)  (Fig.  1C;  Tables  1,  2).  This  call 
was  intermediate  in  duration.  Two  alternating 


note  types  were  expressed  (analogized  as  types  II 
and  III)  at  low  to  medium  intensity,  leading  to 
repeated  note  couplets  (first  part,  expiratory; 
second  part,  inspiratory).  The  notes  joined  (e.g., 
right  notes  in  Fig.  1C)  at  high  intensity.  The  first 
note  (or  first  part  of  joined  notes)  was  broadband 
and  of  high  amplitude;  the  second  note  ended 
similarly,  but  began  with  a  long  pulsed  portion, 
increasing  the  similarity  to  the  Kut-I-eer  call 
(marked  “compare”;  Fig.  1).  This  relatively 
uncommon  call  was  delivered  as  an  advertisement 
display  (i.e.,  a  loud,  medium-  to  long-distance 
display)  uttered  singly  or  in  group  displays  from 
breeding  burrows  (Table  3). 

Parakeet  Auklet. — We  recognized  five  call 
types  in  adults,  which  contained  three  to  four 
structurally  diverse  types  of  pulsed,  broadband, 
and  tonal  notes.  Call  duration  was  briefer  than  in 
Cassin’s  Auklet  and  ranged  from  1  to  23  sec 
(means  =  4—12  sec).  The  structure  of  some  call 
types  suggests  phonation  during  successive  expi¬ 
rations  and  inspirations  within  calls,  as  in  Cassin’s 
and  Crested  auklets. 

Chip  (I)  (Fig.  2A;  Tables  1,  2).  This  call  type 
consisted  of  rhythmically  alternating  series  of 
broadband  pulses  and  single  brief  low-frequency 
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FIG.  2.  Calls  of  Parakeet  Auklet.  (A)  Chip  (part  of  longer  series);  first  tonal  note  is  marked  (t).  Some  note  types  (nt-) 
are  marked.  (B)  Whinny ;  the  first  two  tonal  notes  are  marked  (arrow  emphasizes  structural  grading).  (C)  Short  Whinny  (over 
2  panels).  (D)  Parts  of  panel  C  on  different  time  scale.  (E)  Raft  Whinny  (part  of  longer  series).  (F)  Part  of  panel  (E)  on 
different  time  scale.  All  time  scales  are  1.0  sec,  except  as  marked.  The  3-kHz  line  is  a  visual  guide. 


tonal  notes.  A  similar  arrangement  was  present  in 
Whinny  and  Short  Whinny  calls,  suggesting 
alternating  exhalation  (tonal  note)  and  inhalation. 
The  call  sounded  like  “kut..kut..kut.” .  It  was 
delivered  as  a  contact  or  as  an  alarm  call  (Table  3) 
from  inside  crevices  and  in  front  of  entrances  to 
burrows  or  crevices. 

Whinny  (II)  (Fig.  2B;  Tables  1,  2).  This  was  the 
most  common  vocalization.  It  began  and  ended 
with  brief  broadband  notes.  The  last  of  the 
introductory  (i)  notes  (Fig.  2B)  is  followed  by  a 


soft  low-frequency  tonal  note  ( t )  and  a  burst  of 
loud  higher-frequency  pulses  (compare  structural 
similarity  between  note  i  and  first  pulse  in 
Fig.  2B;  the  graded  transition  is  marked  by  an 
arrow).  Two  note  types  alternate:  a  soft,  low- 
frequency  tonal  note  and  a  louder  modulated 
(pulsed)  note.  This  call  sounded  like  a  nasal 
“hiph..pheee..” .  It  was  performed  mainly  as  a 
duet  (Table  3). 

Short  Whinny  (III)  (Fig.  2C,  D;  Tables  1,  2). 
This  call  was  comparatively  brief  (mean  duration 
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=  4  sec),  but  complex  (4  diverse  note  types).  The 
example  (Fig.  2C)  began  with  a  brief  rapid  trill 
(also  “1”  in  Fig.  2D)  followed  by  a  tonal  note  as 
in  the  Whinny  call  (first  t),  another  brief  trill  of 
three  plus  pulses,  and  a  series  of  couplets  of  brief 
tonal  and  broadband  sounds.  The  main  part  of  the 
call  was  a  series  of  alternating  loud  pulsed  trills 
and  tonal  notes.  Dominant  frequency  and  rate  of 
repetition  within  trills  declined  toward  the  end  of 
the  call.  Notes  within  trills  began  with  a  sharp 
downs  weep  in  frequency  and.  ended  with  a  sharp 
upsweep  (Fig.  2D).  This  call  was  delivered  singly 
or  as  a  duet  (Table  3). 

Raft  Whinny  (IV)  (Fig.  2E,  F;  Tables  1,  2).  This 
call  was  about  the  same  duration  as  the  Short 
Whinny,  but  simpler.  It  consisted  of  a  rhythmically 
repeated  series  of  pulsed  trills.  The  notes 
constituting  the  trills  were  brief  and  broadband; 
frequency  attributes  resembled  those  in  the  Short 
Whinny  call.  This  call  was  uttered  only  in  rafts  of 
10-25  birds  swimming  close  together  (Table  3). 

Squeal  (V)  (not  illustrated).  This  call  had  the 
audile  quality  of  a  squeal.  It  was  given  by 
disturbed  birds  taking  flight,  especially  in  the 
presence  of  predators  (primarily  Glaucous-winged 
Gull  [Larus  glaucescens]  at  Buldir  Island,  and 
Peregrine  Falcon  [ Falco  peregrinus]  at  Egg 
Island;  Table  3).  Birds  also  squealed  when  caught 
in  mist  nets. 

Crested  Auklet. — -We  recognized  five  call  types 
for  adults.  They  included  a  variety  of  barking, 
hooting,  and  cackling  sounds,  which  were  briefer 
than  those  of  Cassin’s  and  Parakeet  auklets,  but 
similar  in  duration  to  those  of  Whiskered  Auklets 
(range  =  <1-10  sec;  means  =  0.4-8  sec).  Most 
call  variation  was  expressed  in  harmonic  richness 
and  duration,  and  calls  lacked  complex  note-type 
arrangements  as  for  Parakeet  Auklets.  Only  this 
species  produced  fairly  long  tonal  sounds.  The 
structure  of  some  call  types  suggests  phonation 
during  successive  expirations  and  inspirations 
within  calls  as  in  Cassin’s  and  Parakeet  auklets^ 

Trumpet  (I)  (Fig.  3A,  B;  Tables  1,  2).  This  brief 
call  was  structurally  well  defined.  It  began  with 
several  long,  tonal  notes  with  strong  F0  and  few 
harmonics;  these  notes  increased  successively  in 
duration  and  amplitude.  The  last  of  these  notes 
(kuhoo)  showed  a  distinctive  terminal  rise  in 
frequency.  It  then  shifted  to  a  much  lower  F0 
(from  >2  kHz  to  —650  Hz  in  the  example 
(Fig.  3A),  and  then  changed  to  a  tonal  section 
(F0  —1.4  kHz;  first  t  in  Fig.  3B)  that  resembled 
part  of  the  kuhoo  note.  Subsequently,  these  notes 


alternated  with  harmonically  richer  notes  (pre¬ 
sumed  to  be  inspiratory  by  analogy  with  the 
preceding  species),  whose  amplitude,  frequency, 
and  duration  declined  gradually.  Brief  soft 
broadband  notes  terminated  the  call.  This  was 
one  of  the  most  common  calls.  It  was  delivered 
mainly  by  males  (Table  3)  and  sounded  like 
‘  ‘ahee. .  .hew. .  KUHOO. .  .kuru. .  .kuru. .  .kru. .  .kru” . 

Hoot  (II)  (Fig.  3C-E;  Tables  1,  2).  This  call 
began  with  fairly  brief  (50-100  msec),  repeated, 
broadband  notes  (frequency  descending;  FI  was 
dominant),  which  increased  successively  in  am¬ 
plitude  and  rate  of  delivery.  Intervening  tonal 
sounds  were  evident  between  some  of  these  notes 
(Fig.  3C,  D).  Terminal  notes  resembled  introduc¬ 
tory  notes.  The  introductory  notes  were  followed 
by  the  distinctive  note  type  (nt-V,  Fig.  3D)  for 
which  we  named  this  call.  This  call  was  long 
(median  duration  —7  sec),  noisy,  and  with  much 
energy  in  the  lowest  few  harmonics.  The  carrier 
frequency  (F0  —650  Hz)  decreased  over  note  type 
V  and  expressed  some  rhythmic  FM  (Fig.  3D). 
This  note  grades  into  closely  grouped  notes  in  the 
example,  then  single  notes,  identical  to  those  in 
the  Cackle  (Fig.  3F,  G).  Hoots  were  given  mostly 
from  crevices,  especially  just  after  peak  colony 
activity  in  midday  (Table  3).  They  sounded  like 
“ kuhoo ...  hooo...  ooo...”. 

Cackle  (III)  (Fig.  3Fi  G;  Tables  1,  2).  This  call 
consisted  of  a  rapid  rhythmic  series  of  frequency- 
descending  notes  (inter- note  intervals  —100  msec) 
of  two  distinct  alternating  types.  One  type  (the  first 
note.  Fig.  3F)  began  with  an  apparent  F0  at 
—3  kHz  (note  type  II;  Table  1),  but  this  presum¬ 
ably  resulted  from  harmonic  suppression,  because 
about  halfway  through  the  note,  it  switched  to 
about  half  that  value  (hence  the  appearance  of 
greater  harmonic  richness  in  the  second  part  of  the 
note).  The  other  note  type  was  noisier.  Cackle  calls 
were  given  as  series  of  staccato  metallic-sounding 
notes,  frequently  performed  as  a  loud  duet  by  pairs 
(Table  3).  The  call  sounded  like  “kut-tee...kut- 
tee. . .  kre-  kre-  kree. . 

Whine  (IV)  (Fig.  3H,  I).  The  Whine  was  the 
species’  longest  call.  It  was  similar  to  the  Hoot  in 
several  ways  and  the  two  call  types  may 
intergrade.  The  Whine  began  and  ended  with  brief 
broadband  frequency-descending  notes  resem¬ 
bling  Cackle',  it  varied  greatly  in  duration  (4- 
21  sec).  Low-frequency  tonal  sounds  ( t ),  as  in 
Hoot,  occurred  between  many  of  the  introductory 
notes  (2  are  marked,  Fig.  31).  The  most  prominent 
(and  loudest)  part  of  the  Whine  was  a  repeated 
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FIG.  3.  Calls  of  Crested  Auklet.  (A)  Trumpet.  Two  intervening  tonal  parts  (t)  are  marked.  (B)  Part  of  panel  (A)  on 
different  time  scale.  Some  note  types  (nt-)  are  marked.  (C)  Hoot.  (D)  (E)  Parts  of  panel  (C)  on  different  time  scale.  (F)  Part 
of  panel  (G)  on  different  time  scale.  (G)  Cackle.  (H)  Whine.  (I)  Part  of  panel  (H)  on  different  time  scale.  (J)  Bark.  (K)  Part 
of  panel  (J)  on  different  time  scale.  All  time  scales  are  1 .0  sec,  except  as  marked.  The  3-kHz  line  is  a  visual  guide. 


compound  note  alternating  with  brief  low-fre¬ 
quency  (~1  kHz),  harmonically  weak,  tonal 
sounds.  It  was  delivered  as  a  contact  call  from 
boulders  and  from  within  breeding  crevices 
(Table  3).  The  call  sounded  like  “keew... 
keew. 

Bark  (V)  (Fig.  3J,  K;  Tables  1,  2).  This  was  the 
most  common  and  simplest  call  type.  It  consisted 
of  long  series  of  broadband,  harmonically  struc¬ 
tured  notes  (each  200-400  msec  long;  Tables  1, 
2),  arranged  in  bouts  of  one  to  several  notes. 
Successive  bouts  of  three,  two,  and  four  notes  are 
apparent  (Fig.  3J).  They  were  harmonically  sim¬ 
ilar  to  but  briefer  than  the  harmonically  rich  notes 
in  the  Trumpet  call  (Fig.  3B).  Both  males  and 


females  uttered  this  call  at  the  colony  and  at  sea 
(Table  3).  It  sounded  like  the  yap  of  a  small  dog. 

Whiskered  Auklet. — We  recognized  five  call 
types  for  this  species  (Table  2).  They  were  based 
on  a  ground  plan  of  harmonically  rich,  noise-free 
notes,  lack  of  rapid  pulsing  or  pulsed  trills  with 
some  rhythmic  FM,  and  with  unremarkable 
frequency  shifts.  Harmonic  suppression  was  ap¬ 
parent  in  many  calls.  Whiskered  Auklet  calls 
sounded  high-pitched  compared  with  those  of  other 
species,  except  Least  Auklet.  There  was  no 
suggestion  of  alternating  inspiratory  and  expiratory 
vocal  phases,  unlike  the  preceding  three  species. 
Call  duration  was  similar  to  that  of  Crested  Auklets 
(range  =  1-13  sec;  means  =  1-6  sec). 
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FIG.  4.  Calls  of  Whiskered  Auklet.  (A)  Staccato  Beedoo.  (B)  Parts  of  panel  (A)  on  different  time  scale;  some  note  types 
(nt-)  are  marked.  (C)  Metallic  Beedoo  (some  introductory  and  terminal  notes  are  omitted).  (D)  Parts  of  panel  (C)  on 
different  time  scale.  (E)  Duet  Beedoo.  Segment  between  arrows  is  also  shown  in  panel  (F)  (asterisk  denotes  break  point  on 
right  side  of  following  panel).  (F)  Duet  Beedoo  from  panel  (E)  on  different  time  scale  with  one  bird’s  soft  calls  marked.  (G) 
Bark.  (H)  Mew  (6  examples).  (I)  Parts  of  panel  (H)  on  different  time  scale.  Time  markers  are  1 .0  sec,  except  as  marked.  The 
3-kHz  line  is  a  visual  guide. 


Staccato  Beedoo  (I)  (Fig.  4A,  B;  Tables  1,  2). 
This  call  contained  several  note  types  (Table  2). 
We  distinguish  the  Staccato  Beedoo  from  Metallic 
Beedoo  on  the  basis  of  whether  the  distinctive 
resonant  kirree  note  (note  type  II;  Table  1, 
Fig.  4B)  was  present.  This  call  was  a  series  of 
simple  introductory  notes  (mainly  frequency 
descending;  Fig.  1A),  followed  by  kirree  (Fig.  4B 
1).  Rhythmic  FM  (at  —30  Hz  in  the  example)  on  a 
gradually  rising  carrier  frequency  was  expressed 
throughout  the  note.  This  was  followed  by  a 
graded  series  of  harmonically  rich  notes  that 
lengthened  successively  (to  —380  msec:  note  type 
IV;  Fig.  4B);  some  modulations  of  the  carrier 
frequency  were  apparent.  Several  brief  pulses 
ended  the  call.  The  dominant  frequency  was  F2  or 
F3  in  most  notes.  This  was  the  most  common 


vocalization.  It  was  given  as  an  advertisement 
display  throughout  the  night,  especially  during 
times  of  peak  activity  at  the  colony  (Table  3). 

Metallic  Beedoo  (II)  (Fig.  4C,  D;  Tables  1,  2). 
This  call  type  was  a  long  (—12  sec)  graded  trill 
with  undifferentiated  parts.  It  began  with  brief  (to 
—70  msec)  notes  (Fig.  4C)  in  which  frequency 
descends  slightly  (note  type  I;  Tables  1,  2).  Note 
duration  in  this  example  increased  progressively 
(<90  msec  for  the  first  2  sec,  —120  msec  at 
2.2  sec,  and  —330  msec  at  4  sec)  and  then 
declined;  terminal  notes  were  identical  to  intro¬ 
ductory  notes.  Note  complexity  changed  in 
parallel:  notes  begin  with  a  frequency  drop 
followed  by  a  rise,  which  became  more  pro¬ 
nounced  (e.g.,  Fig.  4D  2)  as  calls  increased 
progressively  in  duration,  amplitude,  and  frequen- 
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cy.  F0  was  —800  Hz  in  introductory  and  terminal 
notes,  and  reached  —1.2  kHz  in  the  middle  of  the 
call.  Dominant  frequency  of  harmonics  usually 
was  Fj  or  F2  and,  at  times,  changed  within  calls 
(e.g.,  Fig.  4D  2).  This  call  was  uttered  predom¬ 
inantly  in  the  colony  before  dawn  (Table  3). 

Duet  Beedoo  (III)  (Fig.  4E,  F;  Tables  1,  2). 
This  call  consisted  of  several  note  types.  All  were 
strongly  harmonic;  long  notes  exhibited  much 
FM.  One  bird  in  the  example  began  the  call  with 
—  12  brief  (—35  msec)  notes  (note  type  I; 
Table  1),  followed  by  a  graded  series  of  long 
(—240  msec)  notes  (note  type  II).  Some  of  these 
notes  gradually  increased  or  decreased  in  carrier 
frequency,  and  had  rapid  rhythmic  FM;  others  had 
frequency  inflections.  One  bird  in  the  example 
uttered  soft,  brief,  frequency-descending  calls, 
beginning  about  1 .5  sec  after  the  first  bird  started 
calling  (marked  in  Fig.  4F);  the  second  bird’s 
calls  continued  after  the  first  had  finished.  Both 
birds  (presumably  mates)  in  many  examples 
uttered  series  of  loud  calls  simultaneously.  This 
call  was  performed  mostly  as  a  duet  from  inside 
crevices  (e.g.,  after  one  mate  entered  the  burrow 
while  the  other  was  present  inside).  It  became 
increasingly  common  over  the  breeding  season. 
The  rhythmic  FM  in  the  kirree  notes  (note  type  II, 
Fig.  4B)  imparted  a  rapid  vibrant  “ kree ... 
kree...kree...”  quality  to  the  display. 

Bark  (IV)  (Fig.  4G;  Tables  1,  2).  This  uncom¬ 
mon  brief  call  was  composed  of  several  harmon¬ 
ically  rich  notes,  marked  by  one  to  several 
frequency  inflections.  This  tremulous-sounding 
display  was  delivered  just  before  departure  from 
crevices  (Table  3);  it  sounded  like  the  bark  of  a  dog. 

Mew  (V)  (Fig.  4H,  I;  Tables  1,  2).  These  calls 
were  uttered  singly,  or  in  sequences  of  up  to  10 
repetitions.  Rapid  rhythmic  FM  was  overlain  on  a 
carrier  frequency  that  usually  increased  then 
decreased  gradually.  Some  calls  ended  with  a 
sudden  frequency  shift  (e.g..  Fig.  41  3),  a  quality 
that  was  absent  in  other  of  this  species’  calls.  Mew 
calls  were  given  by  single  birds,  duetting  birds, 
and  multiple  birds  in  chorus,  mainly  as  contact 
calls  (Table  3).  Sound  quality  varied  from  pulse¬ 
like  single  “kik”,  “ mew ”,  and  tremulous 
“kreew”,  to  nasal  “eew”. 

Least  Auklet. — Adults  uttered  four  kinds  of 
vocalization.  They  represented  a  variety  of  harsh, 
atonal,  chattering,  and  chirp-like  sounds.  Notes 
were  uttered  more  rapidly  (Table  1),  calls  were 
higher  in  frequency,  and  calls  were  briefer  (only 
0-6  sec  long;  means  =  <1-3  sec),  than  in  other 


species.  Call  diversity  was  high;  subjectively,  it 
was  second  to  that  of  Crested  Auklets.  This 
species,  like  the  Whiskered  Auklet,  possessed  no 
apparent  alternating  inspiratory  and  expiratory 
vocalizations. 

Chatter  (I)  (Fig.  5A,  B;  Tables  1,  2).  This  call 
was  a  graded  series  of  high-frequency  (F0  & 
3  kHz),  rhythmically  repeated  notes,  lasting  2- 
6  sec.  The  notes  exhibited  rapid  rhythmic  FM  at  a 
rate  of  —50  Hz  (Fig.  5B).  This  was  the  most 
common  call  type;  it  was  given  only  by  males, 
mainly  as  an  advertisement  display  (Table  3).  It 
sounded  like  “scht-tshhhht-tshhhh-tshhht- 
tshht...” . 

Deep  Chatter  (II)  (Fig.  5C,  D;  Tables  1,  2). 
This  call  was  the  most  structurally  complex  in  the 
repertoire.  It  consisted  of  an  introductory  series  of 
pulsed  notes,  each  —150  msec;  pulse-repetition 
rate  within  these  notes  was  —45-50  Hz.  Broad¬ 
band  noise  characterized  each  pulse  within  these 
notes  and  dominant  frequencies  were  diffuse,  but 
mainly  were  between  2  and  5  kHz.  The  introduc¬ 
tory  notes  graded  into  a  series  of  louder  and  more 
complex  pulses.  These  were  broadband  but  less 
noisy,  and  had  a  clear  dominant  frequency 
(—5  kHz  in  the  middle  of  Fig.  5D  1,  2).  FM  rate 
within  these  notes  was  —55  Hz.  The  beginning 
and  end  of  this  second  note  (note-type  IV)  were 
noisy  (at  times  tonal)  and  of  high  amplitude. 
Notes  declined  in  frequency,  duration,  and 
amplitude  towards  the  end  of  the  call,  and  became 
noisier.  This  vocalization  was  delivered  from  a 
hunched  posture,  as  an  advertisement  display,  and 
during  times  of  peak  colony  activity  (Table  3).  It 
sounded  like  “tchhht.tschhht.tschhht. 

Chirp  (III)  (Fig.  5E;  Tables  1,  2).  This  rela¬ 
tively  uncommon  and  brief  call  was  a  brief  trill, 
often  repeated  several  times  at  intervals  of  —70- 
80  msec  (similar  to  the  Bark  of  Crested  Auklets). 
The  notes  had  strong  harmonic  structure  to 
—9  kHz  (F0  —3  kHz).  This  call  was  delivered  in 
the  colony  or  as  a  flight  call  when  birds  departed 
the  colony  (Table  3).  It  sounded  like  “ scht ”  or 
‘  ‘ scht . .  .schiit’  ’ . 

Chirr-buzz  (IV)  (Fig.  5F;  Tables  1,  2).  This  call 
was  a  brief,  rapidly  modulated  (pulsed)  call 
(duration  0.3-0.5  sec,  FM  —65  Hz).  It  was  noisy 
but  had  clear  harmonic  structure  (F0  —3.5  kHz  in 
examples)  with  carrier  frequency  descending  or 
approximately  constant  throughout  the  call.  This 
call  was  delivered  in  response  to  the  approach  of 
predators.  It  sounded  as  a  rasping,  descending 
“'whisssssst” . 
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FIG.  5.  Calls  of  Least  Auklet.  (A)  Chatter.  (B)  Part  of  panel  (A)  on  different  time  scale;  some  note  types  (nt-)  are 
marked.  (C)  Deep  Chatter  (some  introductory  notes  are  omitted).  (D)  Part  of  panel  (C)  on  different  time  scale.  (E)  Chirp 
(part  of  longer  series).  (F)  Chirr-buzz  (examples  from  2  different  birds).  The  3-kHz  line  is  a  visual  guide. 


DISCUSSION 

Facial  plumage  and  bills  of  breeding  auklets  are 
specialized  as  complex  optical  display  structures 
(Jones  1999).  We  found  comparable  diversity  and 
complexity  in  auklet  vocalizations.  Both  optical 
and  vocal  displays  are  used  extensively  in  sexual 
and  agonistic  contexts,  and  likely  have  been 
shaped  by  social  selection,  including  sexual 
selection.  Sexually  selected  displays  can  evolve 
rapidly  and  can  be  particularly  sensitive  indicators 
of  low-level  divergence,  such  as  between  conspe- 
cific  populations  or  related  species.  Display 
evolution  may  be  more  conservative  than  gener¬ 
ally  thought  (Wenzel  1992),  and  vocal  evolution 
in  Charadriiformes  is  notably  conservative  (Miller 
1996,  Miller  and  Baker  2009).  Thus,  high-level 
relationships  may  be  revealed  through  analysis  of 
multiple  displays. 

Repertoire  Size  and  Composition. — A  descrip¬ 
tive  catalog  of  display  types  may  be  a  poor 
approximation  to  a  species’  functional  repertoire, 
because  variations  within  named  display  classes 
may  serve  different  functions  (Marler  1977, 


Marler  and  Tenaza  1977,  Hailman  and  Ficken 
1996).  Repertoire  structure  was  similar  across 
auklet  species:  the  basic  vocal  units  (i.e.,  note 
types)  were  arranged  in  configurations  to  form 
displays,  and  individual  note  types  appeared  alone 
or  in  different  display  classes.  We  conservatively 
recognized  22  classes  of  adult  vocal  displays 
(including  28  note  types)  across  species.  This  was 
an  underestimate  because:  we  lacked  recordings 
from  outside  the  breeding  season  and  outside  the 
breeding  colony;  chick  and  fledgling  vocaliza¬ 
tions  were  not  sampled;  we  could  not  confirm 
several  previously  described  vocalizations  ( Krick 
and  Kreer  of  Cassin’s  Auklet:  [Thoresen  1964]; 
Chuckling  and  Soft-lure  of  Least  Auklet:  [Jones 
1993b]);  and  we  considered  repetitions  of  single 
note  types  to  constitute  displays. 

Structural  discontinuities  between  notes,  recur¬ 
ring  associations  of  different  note  types,  and  non- 
random  ordering  of  and  changes  in  note  types 
within  displays  (“syntax”;  Hailman  et  al.  1985, 
Sung  et  al.  2005),  enabled  recognition  of  acoustic 
classes  in  all  species.  Number  of  note  types  (4—9) 
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and  repertoire  size  (3-5  display  classes)  were 
similar  across  species.  Whiskered  Auklet  vocali¬ 
zations  were  most  diverse  with  nine  note  types 
and  five  display  types.  Qualitatively,  vocal 
structure  included  pure-tones,  pulses,  rapid  fre¬ 
quency  modulations,  broadband  noise,  smoothly 
rising  and  declining  frequencies,  and  abrupt 
changes  in  frequency.  Acoustic  structure  also 
varied  in  quantitative  terms  and  was  partly  related 
to  body  size.  For  example,  note  duration  ranged 
from  15  to  370  msec  for  Least  Auklets  and  45- 
1,250  msec  for  Parakeet  Auklets;  display  duration 
ranged  from  1  to  3  sec  for  Least  Auklets  and  4— 
19  sec  for  Cassin’s  Auklets;  and  inter-note 
intervals  ranged  from  2  msec  for  Least  Auklets, 
to  1,010  msec  for  Parakeet  Auklets.  Brief,  rapidly 
repeated  notes  characterized  the  smallest  species. 
Frequency  attributes  varied  even  more,  and 
reflected  body  size  more  closely,  as  in  some  other 
groups  (Ryan  and  Brenowitz  1985,  Bretagnolle 
1996,  Badyaev  and  Leaf  1997,  Bertelli  and 
Tubaro  2002). 

Acoustic  Relationships  Among  Auklets. — Har¬ 
monic  structure  and  FM  were  similar  in  reper¬ 
toires  of  Cassin’s  and  Parakeet  auklets.  For 
example;  Cassin’s  Auklet’ s  Krreerr-er  was  struc¬ 
turally  similar  to  Raft  Whinny  of  Parakeet  Auklets. 
The  latter  species’  Chip  call  consisted  of  an 
arrangement  of  short  pulses  similar  to  the  “kut- 
kut”  segments  of  Cassin’s  Auklet’ s  Kut-I-eer. 
Parakeet  Auklet’ s  Whinny  was  similar  to  Kut-I-eer 
of  Cassin’s  Auklets,  and  its  Short  Whinny  was 
similar  to  the  Kreerr-er  of  Cassin’s  Auklets.  The 
structure  and  FM  of  Crested  Auklet  notes  and 
note-type  composition  in  displays  were  most  like 
those  of  Whiskered  Auklets,  but  F^  was  in  lower 
harmonics  in  the  former  species.  However,  in 
Trumpet,  note  types  a  and  d  were  arranged 
alternately  and  repetitively,  as  in  Parakeet  and 
Cassin’s  auklets.  Whiskered  Auklet  displays  were 
similar  to  those  of  Least  Auklets  in  the  predom¬ 
inant  use  of  brief  high-frequency  notes,  and  the 
presence  of  sequentially  graded  note  types  over 
the  display.  The  latter  species’  Deep  Chatter  was 
structurally  analogous  to  the  Cassin’s  Auklet  Kut- 
reeah  (Fig.  1C).  Chirr-buzz  differed  from  all  other 
displays,  but  was  spectrographically  similar  to 
Hoot  of  Crested  Auklets. 

Auklet  species  align  in  two  groups  based  on 
syntactical  arrangement  of  note  types:  (1)  alter¬ 
nate-note  arrangement  of  Cassin’s  and  Parakeet 
auklets,  and  (2)  arrangement  of  sequentially 
graded  note  types  over  the  display  of  Whiskered 


and  Least  auklets.  The  alternate  arrangement  of 
notes  occurred  in  synchrony  with  a  rhythmic,  slow 
rocking  of  the  head,  and  might  correspond  to 
alternating  inhalation  and  exhalation.  The  vocal¬ 
izing  bird  in  group  (2)  species  moves  the  head 
rapidly  and  asynchronously  with  respect  to  the 
temporal  patterning  of  notes.  Crested  Auklets 
were  mainly  in  group  (2);  however,  this  species 
lacked  rapid  head  movements.  Two  note  types  (a 
and  d)  were  arranged  alternately  in  Trumpet  and 
differed  in  FM,  which  is  characteristic  of  group  (1). 
The  Trumpet  of  Crested  Auklets  was  unique 
among  auklet  vocal  displays,,  for  its  accompany¬ 
ing  postural  display  included  ventral  distension  of 
the  throat  in  the  esophageal  region. 

Repertoires  of  Cassin’s  and  Parakeet  auklets 
were  most  similar  to  one  another  in  alternate  and 
repeated  arrangement  of  several  notes,  presence  of 
broadband  noise,  contrasting  harmonic  and  fre¬ 
quency  differences  between  note  types,  preva¬ 
lence  of  brief  pulses,  and  duetting.  Kut-i-eer  and 
Kreerr-er  displays  of  Cassin’s  Auklets  are  likely 
homologous  to  Whinny  and  Raft  Whinny  of 
Parakeet  Auklets  (respectively),  even  though  they 
occurred  in  different  contexts.  Introductions  of 
some  Kut-i-eer  calls  of  Cassin’s  Auklet  were  long 
and  had  brief  pulses,  and  resembled  Chip  of 
Parakeet  Auklets.  Crested,  Least,  and  Whiskered 
auklet  repertoires  were  characterized  by  sequen¬ 
tial  gradation  in  note  complexity,  predominant 
expression  of  trills,  and  absence  of  broadband 
noise.  Notes  of  Whiskered  and  Crested  auklets 
were  similar.  The  Least  Auklet  repertoire  was 
most  similar  to  that  of  the  Whiskered  Auklet.  This 
vocal  comparison  suggests  that  relationships 
might  be  closer  than  currently  recognized  between 
Cassin’s  and  Parakeet  auklets,  and  Whiskered  and 
Crested  auklets.  The  latter  two  species  also  have 
similar  forehead  crests  and  plumage  odor  (Byrd 
and  Williams  1993,  Jones  1993a). 

Acoustic  Relationships  of  Auklets  with  Other 
Alcids. — Six  alcid  clades  are  currently  recognized: 
Alcini  (murres  and  allies);  Cephini  (guillemots); 
Brachyramphini  (brachyramphine  murrelets); 
Synthliboramphini  (synthliboramphine  murre¬ 
lets);  Fraterculini  (puffins  plus  Rhinoceros  Auklet 
[Cerorhinca  monocerata])\  and  Aethiini.  Recent 
molecular  studies  have  clarified  previously  un¬ 
certain  relationships  (Strauch  1985,  Mourn  et  al. 
1994)  of  Aethiini  within  the  family.  The  Alcidae 
arose  in  the  early  Paleocene  and,  soon  thereafter 
(>50  Mya),  split  into  two  branches,  one  contain¬ 
ing  Fraterculini  plus  Aethiini  (Friesen  et.  al  1996, 
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Thomas  et  al.  2004,  Pereira  and  Baker  2008). 
These  two  highly  ornamented  clades  diverged 
from  one  another  —50  Mya,  so  are  both  ancient  in 
their  own  right.  Cassin’s  Auklet  is  the  oldest 
species  in  the  Aethiini,  having  diverged  from 
other  auklets  >20  Mya,  and  Least  Auklet 
branched  off  next  >15  Mya;  relationships  among 
the  remaining  species  have  not  been  resolved. 

Compared  with  Aethiini,  Fratercula  species 
utter  mainly  soft  single  calls  with  simple  FM;  the 
Multinote  Call  of  Homed  (F,  corniculata )  and 
Tufted  (F.  cirrhata)  puffins  seems  to  be  the  only 
compound  call  (Cramp  1989;  Lowther  et  al.  2002; 
Piatt  and  Kitaysky  2002a,  b).  The  Rhinoceros 
Auklet  is  the  most  primitive  fraterculine,  having 
diverged  from  the  Fratercula  lineage  nearly 
30  Mya  (Pereira  and  Baker  2008).  Its  calls  and 
call  repertoire  are  the  most  complex  within  the 
Fraterculini  (Gaston  and  Dechesne  1996).  This 
suggests  the  calls  of  Fratercula  represent  a 
derived  state,  and  the  common  ancestor  of 
Aethiini  plus  Fraterculini  had  complex  calls  and 
call  repertoires,  as  do  extant  Aethiini  and 
Rhinoceros  Auklets.  No  obvious  vocal  homolo¬ 
gies  are  shared  by  these  latter  two  taxa,  but 
Rhinoceros  Auklets  may  possess  one  vocal 
display  ( Mooing  with  Chucks )  characterized  by 
alternating  exhalant  and  inhalant  sounds  similar  to 
some  Aethiini  (Gaston  and  Dechesne  1996).  This 
structural  arrangement,  if  it  is  homologous,  would 
have  originated  at  least  50  Mya,  when  the 
Aethiini-Fraterculini  clade  originated  (Pereira 
and  Baker  2008). 

Repertoires  of  more  distantly  related  alcids 
have  few  vocal  similarities  with  auklets.  Guille¬ 
mot  (Cepphus)  vocalizations  are  mainly  long, 
high-frequency,  whistle-like  notes,  which  are 
unique  within  the  Alcidae  (Nelson  1985,  Butler 
and  Buckley  2002).  Murres  ( Uria )  and  Razorbill 
( Alca  torda )  (Alcini)  mainly  communicate  over 
short  distances  with  brief,  low-frequency,  guttural 
broadband  growls  (Cramp  1989,  Gaston  and  Jones 
1998,  Lefevre  et  al.  2001);  their  calls  are 
syntactically  simple.  The  remaining  member  of- 
this  tribe  (Dovekie,  Alle.alle )  has  complex  calls 
and  a  large  call  repertoire  and,  like  Aethiini,  uses 
long-distance  advertisement  displays  in  the  colo¬ 
ny  (Ferdinand  1969,  Cramp  1989,  Jones  et  al. 
2002).  Similarities  between  Aethiini  and  the 
Dovekie  in  call-note  structure  and  arrangement 
are  most  parsimoniously  explained  by  selection 
for  structurally  discrete  call  types  for  medium-  to 
long-distance  communication  (Marler  1976). 


More  detailed  acoustic  descriptions  may  suggest 
some  vocal  similarities  are  homologous  (Miller 
1996);  however,  some  non-sexually  selected 
sounds  (especially  short  range  sounds),  such  as 
those  used  by  chicks  or  alarmed  adults,  are  more 
likely  to  reveal  ancient  homologies  (Marler  1957). 

Environmental  Selection  on  Vocalization; 
Potential  Applications. — We  interpret  transmis¬ 
sion  distance  as  an  important  selective  pressure  on 
vocalizations  of  Aethiini;  another  factor  that  may 
be  important  is  light.  Nocturnality  makes  optical 
communication  difficult  and  many  nocturnal 
species  rely  heavily  on  acoustic  communication 
(e.g.,  Caprimulgiformes,  Procellariiformes).  Noc- 
turnally  active  breeding  alcids  are  Ancient 
Murrelet  ( Synthliboramphus  antiquus;  Jones  et 
al.  1987,  1989),  Xantus’s  Murrelet  (5.  hypoleucus ; 
Drost  and  Lewis  1995),  and  Marbled  Murrelet 
{fir achy ramphus  marmoratus;  Nelson  1997,  De¬ 
chesne  1998).  We  found  no  differences  between 
nocturnal  (Cassin’s  and  Whiskered  auklets)  and 
diurnal  auklets  in  repertoire  size  or  vocal 
complexity. 

Many  seabird  populations  have  declined  or 
disappeared  because  of  introduced  predators,  and 
the  Aethiini  are  no  exception  (Gaston  and  Jones 
1998).  Seabird  restoration  efforts  have  included 
removing  predators  from  islands,  and  enhancing 
recolonization  through  habitat  restoration  and  call 
playback  to  attract  prospecting  birds  (Kress  1997, 
Miskelly  and  Taylor  2004).  Advertisement  dis¬ 
plays  are  adapted  for  long-distance  transmission, 
and  are  audible  over  long  distances  (Wiley  and 
Richards  1982,  Endler  1993);  some  advertisement 
displays  of  breeding  auklets  at  the  colony  site  are 
candidates  for  playback  efforts.  Use  of  playback 
calls  for  nocturnal  seabirds  may  be  especially 
effective,  because  most  species  are  highly  vocal 
and  use  loud,  long-distance  calls  in  intraspecific 
communication  (Bretagnolle  1996).  This  is  likely 
to  apply  to  nocturnal  Cassin’s  and  Whiskered 
auklets  in  Aethiini.  Playback  of  Kut-reeah, 
Staccato  Beedoo,  and  Metallic  Beedoo  may  be 
useful  for  future  island  restoration  programs.  Raft 
Whinny  and  Duet  Whinny  calls  of  the  diurnally 
active  Parakeet  Auklet  may  be  useful  in  condi¬ 
tions  of  poor  visibility  (e.g.,  fog),  which  is 
prevalent  in  its  breeding  range. 
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FORAGING  BEHAVIOR  OF  TUFTED  TIT-TYRANTS 
c ANAIRETES  PARULUS )  IN  SEMIARID  NORTHCENTRAF  CHILE 

ANDREW  ENGILIS  JR.1-2  AND  DOUGLAS  A.  KELT1 

ABSTRACT. — We  studied  foraging  behavior  of  Tufted  Tit-Tyrants  ( Anairetes  parulus)  in  Matorral  (shrubland)  habitat 
of  northcentral  Chile.  This  species  is  a  generalist  insectivore  feeding  in  most  shrubs  of  Matorral  habitat  at  our  study  site, 
although  they  favored  three  of  the  dominant  plant  species.  Their  foraging  is  typical  of  small  tyrannid  flycatchers,  using 
rapid  perch  gleans  coupled  with  hover  gleans  and  supplemented  by  flycatching.  They  use  relatively  long  search  periods  (3- 
5  sec)  followed  by  rapid  gleans,  which  is  typical  for  small  tyrannids.  Their  active  foraging  (3.1  ±1.8  prey  attacks/min) 
coupled  with  a  longer  search  time  distinguishes  them  from  parids  or  regulids  of  the  Holarctic  with  which  they  often  are 
compared.  They  generally  forage  singly  or  in  pairs  and  aggressively  defend  what  appears  to  be  foraging  territories  in  winter 
and  summer.  Densities  of  Tufted  Tit-Tyrants  at  our  study  site  were  higher  than  reported  in  other  studies  from  Chile  and 
Argentina,  presumably  reflecting  resource  availability.  Received  3  March  2008.  Accepted  18  February  2009. 


The  Anairetes  (Tit-Tyrant)  flycatchers  of  South 
America  inhabit  dense  scrublands  and  forested 
regions  from  southern  Colombia  to  Patagonia;  one 
species  is  endemic  to  the  Juan  Fernandez  Islands 
(Ridgely  and  Tudor  1994).  Six  species  are 
included  in  the  genus  (Ridgely  and  Tudor  1994, 
Roy  et  al.  1998)  in  the  subfamily  Elaeniinae, 
which  is  closely  aligned  with  Serpophaga  tyr- 
annulets  (Birdsley  2002).  Anairetes  have  been 
termed  “titlike  tyrants”  (Goodall  et  al.  1957)  or 
“tit-tyrants”  (de  Schauensee  1966),  reflecting 
behavioral  and  morphological  similarity  with 
Holarctic  parids  (chickadees  and  tits).  Other 
authors  have  compared  the  foraging  behavior  of 
Anairetes  to  Holarctic  regulids  (kinglets)  (Jara- 
millo  2003).  The  most  widespread  species  of  the 
genus  is  the  Tufted  Tit-Tyrant  (A.  parulus),  which 
occupies  diverse  habitats  including  Andean  pre- 
Puna  scrub,  desert  scrub,  Valdivian  forest,  and 
other  shrublands.  It  occurs  in  most  scrublands  and 
forests  in  Chile,  below  2000  m  (Jaramillo  2003). 
This  species  is  insectivorous  and  its  broad  habitat, 
and  latitudinal  and  altitudinal  distributions  sug¬ 
gest  it  is  a  habitat  generalist.  Their  energetic  style 
of  foraging  has  been  described  as  appearing  to  be 
“in  constant  motion,  more  so  than  most  other 
gleaning  tyrannids”  (Smith  1971:  269).  However, 
their  foraging  behavior  and  habitat  preferences 
have  not  been  quantified.  Our  objectives  were  to 
assess:  (1)  abundance,  (2)  foraging  behavior,  (3) 
prey-capture  methods,  and  (4)  plant  associations 
of  Tufted  Tit-Tyrants  in  semi-arid  Matorral 
(shrublands)  in  north-central  Chile.  We  made 
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observations  in  summer  and  winter,  and  compared 
our  results  with  predictions  from  Fitzpatrick’s 
(1981)  models  of  search  strategies  in  tyrant 
flycatchers. 

METHODS 

We  conducted  our  studies  in  the  Quebrada  de 
las  Vacas,  an  interior  valley  in  Parque  Nacional 
Bosque  de  Fray  Jorge  (“Fray  Jorge”).  Fray  Jorge 
comprises  9,959  ha  on  the  coast  of  Chile’s  IV 
Region,  400  km  north  of  Santiago  and  100  km 
south  of  La  Serena  (30°  41'  N,  71°  40'  W) 
(Fig.  1).  The  habitat  is  coastal  steppe  Matorral 
(Gajardo  1993),  characterized  by  dense  (50-60%) 
ground  cover  of  drought-resistant  shrubs  (Gutier¬ 
rez  et  al.  1993).  We  focused  our  efforts  in  and 
around  a  long-term  research  station  established  to 
monitor  ecological  responses  to  abiotic  influences 
(Meserve  et  al.  2003,  Kelt  et  al.  2004).  Avian 
inventories  began  with  initial  surveys  in  2002 
followed  by  quantitative  studies  of  avian  popula¬ 
tions  beginning  in  2004.  We  visited  our  field  site 
twice  annually  for  this  study  and  gathered 
foraging  observations  during  three  trips:  20-28 
February  2002,  21-28  February  2004,  and  28 
July-10  August  2006.  Observations  were  made  by 
both  authors.  The  avian  study  site  is  centered  on 
the  field  station  and  comprises  a  series  of  eight 
transects  spanning  6.5  km  of  Matorral  habitat  in 
Fray  Jorge. 

We  quantified  the  behavior  of  actively  foraging 
adult  Tufted  Tit-Tyrants  and  not  those  resting, 
primarily  singing,  or  involved  in  other  activities 
that  might  affect  foraging  behavior.  Observations 
were  conducted  from  0700  to  1100  hrs  under 
conditions  of  negligible  wind.  We  regularly  and 
repeatedly  traversed  the  study  site.  Once  a  bird 
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was  found,  we  recorded  sequential  behaviors  with 
a  hand-held  stopwatch.  Initially,  we  did  not  record 
the  first  behavior  observed,  as  this  typically  was 
the  behavior  that  cued  us  to  the  bird,  potentially 
introducing  bias  to  our  data  (Franzeb  1984,  Noon 
and  Block  1990).  We  tracked  the  bird  as  long  as 
we  could  record  behavior.  If  the  bird  was  lost 
(usually  due  to  dense  scrub),  we  stopped  the  timer 
until  the  bird  was  relocated,  when  we  would  start 
again  (but  ignoring  the  first  behavior  noted).  The 
sequence  of  observations  recorded  was  considered 
a  single  foraging  bout.  We  recorded  the  species  of 
shrub  used  (multiple  plant  species  could  be 
recorded  per  bout)  as  well  as  all  foraging 
behaviors  during  the  course  of  each  bout.  We 
adjusted  methods  in  2004  to  record  the  first 
behavior  observed  allowing  us  to  test  suggestions 


that  sequential  events  by  an  individual  bird  would 
bias  the  overall  total  data  set  (Rabenold  1978, 
Franzreb  1984).  We  used  behavioral  categories 
outlined  by  Fitzpatrick  (1980);  specifically,  fly- 
catching,  hover  gleaning,  and  perch  gleaning.  We 
also  noted  whether  birds  were  alone,  in  pairs,  or 
family  groups,  and  if  they  joined  mixed-species 
foraging  flocks.  We  recorded  observations  of 
behavior  associated  with  foraging  birds  including 
inter-  and  intraspecific  foraging  associations, 
agonistic  behavior  (chases,  posture  changes, 
vocalizations,  and  physical  attacks),  and  search 
time.  These  data  were  used  to  describe  foraging 
behavior,  supplementing  quantifiable  data.  Most 
foraging  records  were  written  in  field  books,  but 
some  were  documented  using  a  hand-held  cassette 
recorder  and  later  transcribed. 
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We  measured  population  density  using  data 
from  32  point  count  stations  on  eight  transects 
spanning  ~7  km  (north-south)  in  the  Quebrada  de 
las  Vacas.  Estimates  were  based  on  8-min  variable 
distance  estimation  following  Bibby  et  al.  (2000). 
These  data  were  gathered  from  transects  counted 
three  times  a  year  in  August,  October,  and  July 
from  2004  through  2007.  Transects  were  surveyed 
twice  each  sampling  period.  All  surveys  were 
conducted  in  the  morning  (before  —1000  hrs)  and 
were  limited  to  days  with  low  wind  (Beaufort 
scale  <2).  We  estimated  detection  functions  and 
quantified  density  with  program  DISTANCE  5.0, 
Release  2  (Thomas  et  al.  2006). 

We  characterized  the  habitat  using  paired  5  m 
line-intercept  transects  at  each  avian  point  count 
station  (32  sampling  points).  This  method  is  most 
suited  for  shrub  communities  where  cover  and 
structure  are  goals  of  the  assessment  (Bauer  1943, 
Mueller-Dombois  and  Ellenberg  1974).  We  re¬ 
corded  the  species,  length  of  transect  intercepted 
by  the  plant,  and  the  maximum  width  of  the  plant 
perpendicular  to  the  transect  line  for  each 
individual  plant  overlapping  the  transect,  and 
estimated  ground  cover  following  Cox  (1996). 

RESULTS 

We  recorded  94  individual  foraging  bouts, 
comprising  17,788  sec  of  observations  and  709 
prey-captures.  The  time  observing  birds  averaged 
189  sec  (range  =  16-780  sec)  per  individual 
foraging  bout. 

Density  and  Social  Tendencies. — Population 
densities  showed  marked  temporal  variation  with 
no  clear  seasonal  patterns;  summer  densities  were 
not  significantly  higher  than  those  in  winter  ( t - 
test;  t  =  1 .18,  df  =  6,  P  =  0.2842;  Fig.  2).  Tufted 
Tit-Tyrants  were  ubiquitous  on  all  transects  and 
were  recorded  at  nearly  every  point  count  station 
at  least  once  annually.  Birds  were  evenly 
distributed  among  the  Matorral  and  were  not 
observed  in  flocks. 

Tufted  Tit-Tyrants  were  not  social  in  their 
foraging  associations.  We  did  not  observe  Tufted 
Tit-Tyrants  in  mixed-species  foraging  flocks  or  in 
groups  of  more  than  three  individuals  (48,  17,  and 
4  observations  of  1,  2,  and  3  individuals, 
respectively).  Birds  in  pairs  foraged  leapfrog 
style,  and  not  more  than  a  few  shrubs  distant 
from  one  another.  They  maintained  constant 
contact  visually  and  with  a  soft,  rolling  “perr- 
reet”  vocalization.  Birds  generally  approached  a 
shrub  low  to  the  ground,  and  then  foraged  upward 


towards  the  crown.  Once  on  top,  they  called  and 
made  visual  contact  with  their  foraging  partner. 
Foraging  pairs  were  observed  in  summer  and 
winter;  presumed  family  groups  of  three  birds 
were  observed  only  in  the  post-breeding  period 
(Feb  surveys).  Tufted  Tit-Tyrants  also  exhibited 
strong  intraspecific  aggression,  defending  what 
appeared  to  be  foraging  territories.  We  observed 
18  agonistic  interactions  during  summer  (15  in  77 
foraging  bouts)  and  winter  (3  in  17  foraging 
bouts).  Agonistic  behavior  included  rapid  calling 
and  displacement  behavior  (bill  wiping,  wing 
flaring),  crest  raising,  chases  through  shrubs, 
physical  attacks,  and  12  times  involved  a  pair 
defending  their  space.  Once  the  intruder  moved 
away,  the  defending  pair  returned  to  their  foraging 
activities.  We  did  not  observe  interspecific 
aggression  despite  the  presence  of  other  insecti- 
vores  including  the  Chilean  House  Wren  ( Trog¬ 
lodytes  aedon  chilensis)  and  Plain-mantled  Tit- 
Spinetail  ( Leptasthenura  aegithaloides). 

Shrub  Selection  by  Tufted  Tit-Tyrants. — Tufted 
Tit-Tyrants  used  plants  largely  in  proportion  to 
their  availability  (linear  regression;  F  =  16.28,  df 
=  12,  P  =  0.0020;  Fig.  3).  They  were  observed 
foraging  primarily  in  three  species  of  shrubs 
( Adesmia ,  Baccharis,  and  Porlieria),  which  ac¬ 
counted  for  76%  of  foraging  observations  but  only 
58%  of  shrub  cover  (Table  1),  suggesting  a 
moderate  amount  of  selectivity.  The  former  two 
were  selected  during  foraging  activities;  Bac¬ 
charis  and  Ademsia  were  the  focus  of  26  and  24% 
of  foraging  activity,  respectively,  but  comprised 
only  9.2  and  15.5%  of  shrub  cover,  respectively. 
Porlieria  was  under-used  with  26%  of  the 
observations  but  33%  of  shrub  cover  (Table  1). 
A  fourth  shrub,  Chenopodium,  was  moderately 
abundant  (11%  of  shrub  cover)  but  received  <1% 
of  foraging  visits  (Fig.  4). 

We  lacked  sufficient  observations  in  winter  to 
test  for  seasonal  differences,  but  available  data 
strongly  suggested  seasonality  in  foraging.  Sum¬ 
mer  foraging  emphasized  Baccharis  (32%  of 
summer  observations),  Porlieria  (29%),  and 
Adesmia  (17%),  while  winter  foraging  was 
strongly  directed  towards  Adesmia  (52%),  fol¬ 
lowed  by  Porlieria  and  Proustia  (16%  each). 
Baccharis  was  used  only  in  summer,  as  were  a 
number  of  low  growing,  semi-open,  flowering 
plants  (Fig.  4). 

Method  of  Prey  Capture. — Tufted  Tit-Tyrants 
located  insects  with  visual  searching  and  used 
three  methods  to  capture  prey:  perch  gleaning, 
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Interval 

FIG.  2.  Seasonal  density  (birds/ha)  of  Tufted  Tit-Tyrants  at  Parque  National  Bosque  de  Fray  Jorge,  Chile,  2002-2004. 
Estimated  density  (vertical  bars)  and  95%  confidence  limits  (triangles)  using  Program  DISTANCE. 


hover  gleaning,  and  flycatching  (Fig.  5).  They 
averaged  3.1  ±  1.8  (SD)  prey  attacks/min  ( n  =? 
700  prey  capture  attempts).  Perch  gleaning  was 
the  primary  mode  of  prey  capture  (47%  of  total 
captures)  and  was  generally  initiated  from  foliage 
(Fig.  5);  the  typical  foraging  posture  was  an 
upright  position  with  the  wings  dropped  below 
the  tail  and  the  tail  pointing  downward.  They 
frequently  sat  quietly  for  3-5  sec  while  scanning 
upward  into  vegetation. 

Hover  gleaning  comprised  31.5%  of  observed 
prey-capture  events  (Fig.  5);  in  the  most  common 
maneuver,  the  bird  flew  upward  from  a  perch  to 


strike  prey  from  vegetation  surfaces  as  the  bird 
hovered  up  to  2  sec.  Tufted  Tit-Tyrants  usually 
moved  to  a  new  perch  after  a  hover  glean  event. 
They  also  frequently  used  simple  upward  strikes, 
leaping  up  and  gleaning  prey  off  of  a  substrate 
without  hovering. 

Flycatching  was  the  least  used  capture  method 
(21.5%  of  recorded  capture  events)  (Fig.  5),  and 
included  both  short  sallies  (flight  chases  <3  m 
from  perch  usually  resulting  in  flying  back  to  or 
near  the  take-off  point)  and  long  sallies  (flight 
chases  >3  m  from  perch  and  flight  usually 
involving  a  pursuit  of  insect  prey  followed  by 
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FIG.  3.  Number  of  foraging  observations  by  Tufted  Tit-Tyrants  as  a  function  of  aerial  cover  of  focal  plant  species  (>1 
plant  is  generally  visited/foraging  bout,  recorded  as  separate  observations);  plant  species  used  largely  in  proportion  to 
availability  (linear  regression;  F  =  16.28,  df  =  12,  P  =  0.0020). 
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FIG.  4.  Distribution  'of  foraging  observations  by  plant  species  and  season. 
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perching  in  a  different  shrub).  Short  sallies  were 
slightly  more  common  than  long  sallies  (56.2  vs. 
43.8%  of  flycatching  events).  On  one  instance,  a 
pair  was  observed  flycatching  in  a  Baccharis 
shrub  with  a  swarm  of  gnats.  One  bird  quietly 
waited  in  the  interior  of  the  shrub  while  the  other 
repeatedly  sallied  upward  to  capture  gnats  from 
the  swarm.  After  a  dozen  sallies,  the  upper  bird 
retired  into  the  center  of  the  shrub  and  the  other 
bird  took  its  place  at  the  top,  feeding  in  a  similar 
manner. 

Foraging  interpretations  were  not  affected  by 
using  cumulative  observations  rather  than  only 
first  observations;  the  proportion  of  observations 
changed  slightly,  but  the  rank  order  remained  the 
same  with 'each  data  set  (correlation,  r2  =  0.93). 
The  two  dominant  behaviors  comprised  the  vast 
majority  of  observations  in  both  data  sets,  78.0 
and  78.4%  of  observations  using  first  observation 
only  and  cumulative  observations,  respectively. 


DISCUSSION 

Our  data  confirm  the  characterization  of  Tufted 
Tit-Tyrants  as  primarily  a  perch  gleaner  (Wet- 
more  1926,  Smith  1971,  Fitzpatrick  1980).  Tufted 
Tit-Tyrants  procure  prey  predominantly  from 
within  or  along  the  edges  of  shrubs,  and  they 
superficially  resemble  regulids  and  parids,  both  of 
which  are  perch  gleaners  (Austin  and  Smith  1972, 
Robinson  and  Holmes  1982,  Franzreb  1984, 
Kleintjes  and  Dahlsten  1994).  However,  upon 
closer  examination,  they  are  more  variable  in 
foraging  behavior,  and  more  typically  a  tyrannid. 
First,  Tufted  Tit-Tyrant  are  active  but  mostly 
deliberate  foragers,  using  3-5  sec  search  times 
when  hunting  for  prey  items.  Additionally,  their 
prey  attack  frequency  (3.1  ±  1.8/min)  is  compa¬ 
rable  to  those  reported  for  other  small  flycatchers 
(Fitzpatrick  1980,  Robinson  and  Holmes  1982, 
Keast  et  al.  1995),  but  significantly  lower  than 
those  recorded  for  kinglets  (9.3  ±  8.2  attacks/min; 
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Foraging  strategy 

FIG.  5.  Proportion  of  foraging  observations  that  were  perch  glean  (PG),  hover  glean  (HG),  and  both  short  and  long 
flycatching  sallies  (FC-S  and  FC-L,  respectively).  Perch  gleaning  is  segregated  by  substrate  (foliage  vs.  lichen  or  bark). 


Keast  and  Saunders  1991).  Search  time  was  not 
reported  in  these  studies,  but  higher  prey  attack 
rates  coupled  with  high  number  of  hops  per 
minute  indicate  that  kinglets  use  short  search 
periods  between  prey  attacks,  differing  from 
Tufted  Tit-Tyrants  (Robinson  and  Holmes  1982, 
Keast  et  al.  1995).  Parids  are  primarily  perch 
gleaners,  but  differ  in  their  foraging  strategies  by 
frequently  hanging  on  vegetation  tips;  they  rarely 
use  flycatching  or  hover  gleaning  (Austin  and 
Smith  1972,  Robinson  and  Holmes  1982, 
Kleintjes  and  Dahlsten  1994). 

Nearly  all  tyrannids  use  variable  and  sometimes 
lengthy  search  times  as  a  distinctive  component  of 
their  foraging  strategy  (Fitzpatrick  1980,  1981). 
Tufted  Tit-Tyrants,  for  their  size,  use  relatively 
long  search  periods  before  attacking  prey.  Search 
time  is  predicted  to  be  proportional  to  body  size 
among  predators  (Mac Arthur  1972),  and  Fitzpa¬ 
trick  (1981)  confirmed  this  for  tropical  tyrannids. 
Tufted  Tit-Tyrants  are  small  birds  (6.1  g  at  our 
study  site;  n  =11),  and  our  findings  of  search  time 
(3-5  sec)  and  foraging  strategy,  predominately 
perch  gleaning  and,  when  hawking,  using  pre¬ 
dominantly  short-sally  flycatching,  fit  Fitzpa¬ 
trick’s  (1981)  model  predictions  for  a  bird  of  this 
size. 

Tufted  Tit-Tyrants  have  a  large  geographical 
range,  within  which  they  occur  in  a  variety  of 
habitats,  suggesting  generalist  foraging  habits. 
Our  data  support  this  categorization  in  two  ways. 
First,  foraging  was  highly  correlated  with  plant 
availability  in  Fray  Jorge,  as  quantified  by  aerial 
cover  (Table  1).  Second,  the  species  is  able  to 


move  and  shift  foraging  preferences  based  on 
.flowering  and  vegetative  phenology  (e.g.,  summer 
preference  for  Baccharis).  This  shift  in  response 
to  flowering  phenology  was  also  documented  for 
Tit-Tyrants  and  other  insectivores  in  semi-arid 
scrubland  in  Argentina  (Blendinger  2005).  Tufted 
Tit-Tyrants  show  a  preference  for  denser  shrubs 
and  can  move  quickly  to  avoid  detection  (Hilty 
and  Brown  1986).  Our  observations  indicate  their 
small  size  and  short  wings  make  them  agile  and 
capable  of  moving  in  tight  places,  thus  exploiting 
the  interior  of  dense  shrubs  characteristic  of 
Matorral.  Tufted  Tit-Tyrants  forage  in  summer 
extensively  amongst  Baccharis,  which  grows 
densely  in  washes  where  water  remains  close  to 
the  surface.  These  dense  thickets  are  visible  from 
great  distances  and  appear  to  be  preferred 
foraging  sites  for  many  insectivorous  birds  (A. 
Engilis  Jr.,  pers.  obs.).  Tufted  Tit-Tyrant  foraging 
during  winter  was  largely  confined  to  the  three 
most  common  shrubs  at  Fray  Jorge,  and  focused 
primarily  on  Adesmia,  a  deep-rooted  plant  that 
flowers  both  in  winter  and  summer. 

Our  observations  of  foraging  associations 
indicate  this  species  at  Fray  Jorge  feeds  primarily 
in  pairs  or  small  family  groups  (the  latter  during 
the  post-breeding  period).  We  did  not  observe  the 
species  in  mixed  species  flocks  in  the  Park.  In 
south-central  Chile,  the  Tufted  Tit-Tyrant  is 
reported  to  join  mixed  flocks,  particularly  with 
Thorn-tailed  Rayadito  ( Aphrastura  spinicauda), 
sometimes  in  numbers  of  30  individuals  in  a  flock 
(C.  F.  Estades,  pers.  comm.). 

Population  densities  at  our  site  were  much 
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TABLE  1.  Dominant  plant  composition  of  the  Matorral  habitat  in  the  Quebrada  de  las  Vacas,  Parque  National  Fray 
Jorge,  Chile.  Aerial  coverage  is  summed  across  all  32  point  count  stations. 


Scientific  name 

Chilean  name 

Coverage,  m2 

%  Cover 

Porlieria  chilensis 

Guayacan 

190,525 

33.42 

Adesmia  bedwelli 

Adesmia 

88,181 

15.47 

Chenopodium  petiolare 

Chenopodium 

61,703 

10.82 

Proustia  pungens 

Proustia 

49,201 

8.63 

Baccharis  linearis 

Romerillo 

52,469 

9.20 

Bahia  ambrosioides 

Bahia 

32,253 

5.66 

Fluorencia  thurifera 

Incienso 

17,469 

3.06 

Heliotropium  spp. 

Helitropo 

13,179 

2.31 

Anisomeria  littoralis 

Pircun 

11,088 

1.95 

Senna  cummingii 

Alcaparra 

9,853 

1.73 

Others  (19  taxa) 

53,134 

9.32 

higher  than  those  reported  elsewhere  in  Chile. 
Gonzales-Gomez  et  al.  (2006)  reported  densities 
in  fragmented  Valdivian  forests  of  southern  Chile 
ranging  from  0.18  to  0.60  birds/ha,  and  Estades 
and  Temple  (1999)  reported  2.9  birds/ha.  The 
latter  authors  reported  1.1  birds/ha  in  Valdivian 
open  scrubland.  These  study  sites  were  below  40° 
South  latitude  in  a  cooler  and  wetter  climate; 
densities  reported  were  from  a  single  breeding 
season  and  did  not  account  for  annual  variation  in 
numbers. 

Tufted  Tit-Tyrants  appear  to  forage  as  other 
small  tyrannid  flycatchers.  It  is  a  generalist 
species  in  terms  of  habitat  selection  and  foraging 
activities,  and  occurs  at  relatively  high  densities  in 
semi-arid,  northern  Chile  where  our  study  was 
conducted.  Further  observations  should  strive  to 
clarify  seasonal  shifts  in  plant  use,  foraging  in 
relation  to  flowering  phenology,  and  effects  of 
climate  (e.g.,  El  Nino  Southern  Oscillation)  at  this 
semi-arid  site.  The  apparent  defense  of  foraging 
territories  year  round  also  requires  additional 
study.  Tufted  Tit-Tyrants  remain  a  conspicuous, 
focal  species  in  Matorral  shrublands;  well  suited 
for  further  attention  in  ecological  studies. 
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WINTERING  YELLOW-BELLIED  SAPSUCKER  TIME  ACTIVITY 
BUDGETS  IN  EAST  TEXAS  BOTTOMLAND  HARDWOOD  FORESTS 

JASON  R.  SPEIGHTS1-2  AND  WARREN  C.  CONWAY1-3 


ABSTRACT. — We  developed  time-activity  budgets  for  286  Yellow-bellied  Sapsuckers  ( Sphyrapicus  varius)  from 
October  2005/2006  to  March  2006/2007  in  east  Texas  bottomland  hardwood  forests.  Behaviors  were  similar  between 
genders  and  study  sites  (P  >  0.05),  but  varied  (P  =  0.008)  between  years.  Sapsuckers  spent  more  time  foraging  upon  arrival 
in  wintering  areas  and  during  morning  throughout  the  study  periods.  Deviation  from  monthly  average  low  temperature  was 
an  important  (. P  =  0.038)  covariate  during  the  second  study  year,  when  sapsuckers  increased  time  spent  foraging  during 
colder  than  average  temperatures  and  increased  time  perching  on  days  with  warmer  than  average  temperatures.  Sapsuckers 
partitioned  about  half  their  time  foraging  (early  in  the  day)  and  half  their  time  perching  (later  in  the  day).  Sapsuckers  may 
have  little  physiological  need  for  drastic  behavioral  adjustments  to  successfully  meet  nutritional  demands  during  winter  in 
areas  with  mild  climates.  Received  28  June  2008.  Accepted  28  January  2009. 


The  Yellow-bellied  Sapsucker  ( Sphyrapicus 
varius)  is  a  migratory  woodpecker  that  winters 
in  the  southeastern  United  States,  through  east  and 
south  Texas,  Mexico,  the  West  Indies,  and  south 
to  northern  South  America  (Walters  et  al.  2002). 
Yellow-bellied  Sapsuckers  excavate  and  maintain 
horizontal  rows  of  sap  wells  on  tree  trunks 
throughout  the  year  (Erdmann  and  Oberg  1974, 
Eberhardt  2000).  Northernmost  (i.e.,  regions  that 
regularly  freeze)  wintering  individuals  forage 
mainly  on  arthropods  in  tree  bark,  frozen  fruit, 
and  sap.  Further  south  (i.e.,  regions  that  irregu¬ 
larly  freeze),  individuals  drill  and  forage  upon  sap 
wells  (Tate  1973,  Williams  1980)  on  hickories 
( Carya  spp.),  oaks  ( Quercus  spp.)  (Speights 
2007),  and  elms  ( Ulmus  spp.)  (Wilkins  2001). 

Yellow-bellied  Sapsuckers  have  an  estimated 
minimum  energetic  requirement  of  140-150  kJ/ 
day  (Tate  1969).  If  sapsuckers  consumed  only  one 
of  the  following  during  winter,  they  would  require 
291  ml  of  sap,  2,079  g  of  phloem,  or  8.8  g  of 
cellulose  (if  digestible)  per  day  to  satisfy  daily 
energetic  needs  (Wilkins  2001).  Perturbations  in 
food  availability  or  quality,  particularly  when 
combined  with  inclement  or  extended  periods  of 
cold  weather,  may  increase  energy  requirements 
(Wilkins  2001).  Time  spent  in  different  behaviors 
during  winter  may  be  related  to  temperature,  food 
type  and  availability,  habitat,  and  host  tree 
morphology,  quality,  physiology,  or  location  on 
the  landscape  (Hohman  and  Rave  1990).  Time- 
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activity  budgets  quantify  time  spent  in  an  array  of 
behaviors,  and  are  useful  for  indirect  assessment 
of  habitat  quality.  For  example,  time  spent 
foraging  and  actually  consuming  food  items  can 
be  inversely  related  to  habitat  quality  (Godfrey 
2003),  particularly  during  winter,  when  food 
quality  and  quantity  may  be  limited.  Understand¬ 
ing  how  species  partition  time  into  different 
behaviors  is  relevant  to  estimating  current  and 
future  ecophysiological  demands  and  require¬ 
ments.  We  developed  Yellow-bellied  Sapsucker 
time-activity  budgets  in  bottomland  hardwood 
forests  in  east  Texas  to  examine  how  sapsuckers 
partition  time  behaviorally  during  winter  as 
related  to:  (1)  host  tree  selection,  (2)  position  in 
host  trees,  (3)  time  during  winter,  and  (4) 
deviations  from  average  temperatures. 

METHODS 

Study  Area. — The  study  was  conducted  on 
122  ha  within  the  Stephen  F.  Austin  Experimental 
Forest  (SFAEF)  (31°  29'  N,  94°  47'  W)  and  the 
347  ha  Naconiche  Creek  mitigation  site  (Naco- 
niche)  (31°  29'  N,  94°  50'  W)  in  Nacogdoches 
County,  Texas.  The  SFAEF  contains  1,038  ha  of 
bottomland  hardwoods,  of  which  650  ha  are  in  the 
floodplain  of  the  Angelina  River  (Conner  et  al. 
1994).  Dominant  overstory  species  include  over¬ 
cup  oak  ( Quercus  lyrata),  green  ash  ( Fraxinus 
pennsylvanica),  willow  oak  ( Q .  phellos),  sweet- 
gum  ( Liquidamhar  styraciflua),  water  oak  ( Q . 
nigra),  laurel  oak  ( Q .  laurifolia),  water  hickory 
( Carya  aquatica),  and  blackgum  ( Nyssa  sylvatica) 
(Chambless  1971,  Conner  et  al.  1994,  Speights 
2007).  This  area  is  frequently  inundated;  water 
may  reach  1.5  m  in  depth  and  persist  for  up  to 
2  months  (Conner  et  al.  1994).  The  Naconiche 
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site  is  also  on  the  Angelina  River  at  the 
Nacogdoches/Houston  County  line.  The  Natural 
Resource  Conservation  Service  (NRCS)  has 
delineated  this  area  as  deciduous  forested  wetland. 
This  site  has  three  basic  sections:  (1)  a  recently 
harvested  west  end  dominated  by  sweetgum, 
water  oak,  willow  oak,  green  ash,  birch  ( Betula 
allegheniensis ),  and  blackgum;  (2)  a  northern 
portion,  containing  small  sawtimber  size  trees, 
dominated  by  sweetgum,  water  oak,  willow  oak, 
hickory,  elm,  and  red  maple  ( Acer  rubrum );  and 
(3)  the  southern  portion,  characterized  by  wet, 
poorly  drained  flats  and  sloughs  dominated  by 
overcup  oak,  green  ash,  water  hickory,  and  elm 
(Speights  2007;  R.  R.  Stoner,  pers.  comm.).  There 
is  little  herbaceous  vegetation  and  shrub  crown 
canopy,  low  forest  size  class,  excessive  basal  area, 
and  excessive  overstory  crown  canopy  (Speights 
2007). 

Time  Activity  Budgets. — We  collected  behavior 
data  using  the  focal  individual  sampling  technique 
(Altmann  1974)  from  23  October  2005  to  22 
March  2006  and  1 1  October  2006  to  30  March 
2007  on  a  randomly  rotating  schedule  between 
study  areas  among  three  diurnal  periods:  sunrise- 
1059,  1100-1359,  and  1400  hrs-sunset  (Altmann 
1974).  We  located  sapsuckers  within  each  study 
site  during  >2  visits  per  week.  We  randomized 
entry  location  and  travel  azimuth  prior  to  entering 
study  areas  to  ensure  thorough  sampling  of  each 
study  area,  and  to  prevent  resampling  areas  during 
successive  visits.  Azimuths  were  traveled  until 
study  area  borders  were  reached  at  which  point  no 
further  focal  samples  were  collected.  All  behavior 
data  were  collected  by  the  same  individual  (JRS). 
We  recorded  each  focal  individual’s  gender  and 
method  of  detection  (i.e.,  heard  foraging,  move¬ 
ment,  or  calling).  We  did  not  begin  recording 
behavior  data  for  any  focal  individual  until  at  least 
10  sec  after  detection  to  prevent  incorporating 
activity  budget  bias  towards  more  conspicuous 
behaviors  (Altmann  1974).  We  continuously 
recorded  the  following  behaviors  into  a  digital 
voice  recorder  for  a  minimum  of  30  sec  and  a 
maximum  of  300  sec:  perching  (i.e.,  no  active 
foraging  or  movement),  hitching  (i.e.,  pecking 
while  moving  up  or  down  the  side  of  the  tree),  sap 
well  foraging  (i.e.,  well  excavation  by  pecking  or 
sap  drinking),  scaling  (i.e.,  feeding  on  inverte¬ 
brates  by  removing  layers  of  bark),  flying, 
unknown  (i.e.,  bird  not  observable),  and  other 
(i.e.,  maintenance  behaviors,  displays,  or  vocali¬ 
zations)  (Wilkins  2001).  We  terminated  and 


discarded  that  focal  sample  if  a  bird  was  lost 
from  view  prior  to  30  sec.  We  recorded  the 
following  data  at  the  last  position  each  focal 
individual  was  observed:  bird  height  (m)  in  tree, 
location  (i.e.,  lower,  middle,  or  upper  portion  of 
tree),  tree  species  and  height  (m),  and  position  in 
tree  (i.e.,  trunk  below  first  living  branch,  interior 
of  the  crown  above  first  living  branch,  or  outer 
branches  of  crown). 

Statistical  Analyses. — We  developed  time  ac¬ 
tivity  budgets  for  each  focal  individual  using  the 
proportion  (%)  of  time  (sec)  spent  in  each 
behavior  as  related  to  total  time  that  individual 
was  observed.  We  calculated  used  tree  species 
frequency  (%)  and  position  frequency  (%)  for  all 
focal  samples  based  upon  the  last  observation  of 
each  focal  individual.  Focal  samples  were  not 
evenly  distributed  among  months  and  we  separat¬ 
ed  all  behavior  data  into  6-week  intervals,  starting 
on  10  October  and  ending  on  27  March,  to 
examine  how  sapsucker  behavior  changed  over 
time  during  winter.  We  calculated  daily  deviation 
(±  °C)  from  average  monthly  high  and  low 
temperatures  for  each  focal  sample  using  daily 
temperatures  obtained  from  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  weath¬ 
er  station  at  Stephen  F.  Austin  State  University 
(31°  37'  N,  94°  39'  W). 

We  developed  three  focal  sample  duration 
categories  (i.e.,  short:  30-89  sec;  intermediate: 
90-179  sec;  and  long:  >180  sec)  and  used 
multivariate  analysis  of  variance  (MANOVA)  to 
verify  lack  of  observation  biases  in  Yellow- 
bellied  Sapsucker  behaviors  associated  with  focal 
sample  duration  and  its  interaction  with  diurnal 
period.  We  used  multivariate  analysis  of  covari¬ 
ance  (MANCOVA)  to  examine  differences  in 
Yellow-bellied  Sapsucker  behavior  between 
males  and  females,  among  diurnal  periods,  among 
6-week  sampling  periods,  between  study  sites,  and 
between  years.  Daily  deviation  from  average  low 
and  high  temperatures  was  the  covariate.  We 
performed  follow  up  analyses  using  analysis  of 
covariance  (ANCOVA)  if  differences  (P  <  0.05) 
occurred  in  MANCOVA.  We  used  least  squares 
mean  separation  if  differences  (P  <  0.05) 
occurred  in  ANCOVA  (Zar  1996).  We  used 
MANCOVA  throughout  as  behaviors  within  an 
individual  activity  budget  are  not  independent 
(Davis  and  Smith  1998).  We  considered  each 
activity  budget  independent  replicates  ( sensu 
Davis  and  Smith  1998)  because  we  separated 
sampling  temporally  and  spatially  by  traveling 
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TABLE  1. 

Host  trees  in  which  Yellow-bellied  Sapsuckers  were 

last  observed  during  focal  individual  sampling  in  the 

Stephen  F.  Austin  Experimental  Forest  and  the  Naconiche  Mitigation  Site,  east  Texas,  23  October  2005- 

-22  March  2006  and 

1 1  October  2006-30  March  2007. 

Observations  ( n  =  286) 

Family 

Species 

n 

Proportion  of  total  (%) 

Host  tree  (%)b 

Altingiaceae 

Liquidambar  styraciflua 

16 

5.6 

33.3 

Fagaceae 

Quercus  laurifolia 

2 

0.7 

0 

Q.  lyrata 

204 

71.3 

81.9 

Q.  nigra 

24 

8.4 

16.6 

Q.  p hellos 

23 

8.0 

68.4 

Juglandaceae 

Carya  aquatica 

1 

0.4 

0 

C.  ovata 

3 

1.0 

0 

Oleaceae 

Fraxinus  pennsylvanica 

7 

2.4 

0 

Sapindaceae 

Acer  rubrum 

4 

1.4 

0 

Other" 

2 

0.7 

0 

3  Other  includes  snags  and  vines. 

b  Host  tree  defined  as  those  with  >100  sap  well  bands.  Percent  calculated  from  total  number  of  last  observations  on  that  tree  species. 


different  routes  within  study  areas  in  successive 
visits  and  maintaining  a  minimum  of  2  days 
between  sampling  within  a  study  area.  We  did 
not  transform  percent  data,  as  multivariate 
normality  tests  are  lacking  for  greater  than  two 
dependent  variables  (Johnson  and  Wichern 
1988:146),  normality  does  not  affect  the  MAN- 
OVA  test  criterion  (i.e.,  Wilks’  lambda)  (Olson 
1976),  and  MANOVA  is  robust  to  heterogeneity 
in  dispersion  matrices  (i.e.,  variance-covariance 
matrix)  (Ito  and  Schull  1964,  Ito  1969). 

RESULTS 

We  used  286  focal  samples  (269  males  and  17 
females)  collected  on  77  of  170  survey  days  to 
develop  time-activity  budgets  for  individual 
Yellow-bellied  Sapsuckers.  Days  sampling  during 
year  1  were  colder  (average  low  temperature  = 
2°  C,  average  high  =  17°  C)  than  days  sampled 
during  study  year  2  (average  low  temperature  = 
8°  C,  average  high  =  20°  C).  Focal  sample 
duration  averaged  218  sec;  86%  of  all  focal 
samples  lasted  between  90  and  300  sec.  Focal 
individuals  were  detected  by  movement  (59%), 
heard  foraging  (26%),  or  calling  (15%).  Yellow- 
bellied  Sapsuckers  were  last  observed  foraging  on 
10  species  of  trees  and  on  vines  and  snags;  most 
frequently  (71%)  on  overcup  oak,  of  which  81% 
were  established  host  trees  (i.e.,  >100  sap  well 
bands)  (Table  1).  Sapsuckers  foraged  most  often 
on  the  bole  (>43%)  and  inner  branches  of  the 
lower  third  of  the  crown  (>32%)  (Table  2). 

Yellow-bellied  Sapsucker  behaviors  were  sim¬ 
ilar  among  duration  categories  (Wilks’  X  =  0.96; 


df  =  12,  492;  P  =  0.597)  and  no  interactions 
occurred  among  duration  categories  and  diurnal 
time  periods  (Wilks’  X  =  0.88;  df  =  24,  859;  P  = 
0.129).  No  observation  or  activity  budget  bias 
occurred  due  to  focal  sample  duration  or  its 
interaction  with  time  of  day.  Yellow-bellied 
Sapsucker  behaviors  were  similar  between  males 
and  females  (Wilks’  X  =  0.99;  df  =  6,  277 ;  P  = 
0.720);  all  subsequent  analyses  used  only  males  as 
females  accounted  for  6%  of  all  observations. 
Male  sapsucker  behavior  was  similar  between 
study  sites  (Wilks’  X  =  0.99;  df  =  6,  260;  P  = 


TABLE  2.  Tree  position  where  Yellow-bellied  Sapsu¬ 
ckers  were  last  observed  foraging  during  focal  individual 
sampling  in  the  Stephen  F.  Austin  Experimental  Forest  and 
the  Naconiche  Mitigation  Site,  east  Texas,  23  October 
2005-22  March  2006  and  1 1  October  2006-30  March  2007. 


Observations11  (n 

=  240) 

Position 

n 

% 

Bole 

Below  crown 

105 

43.8 

Crown  lower  third 

Inner  branches 

75 

32.5 

•  Outer  branches 

6 

2.5 

Crown  middle  third 

Inner  branches 

34 

14.2 

Outer  branches 

7 

2.9 

Crown  upper  third 

Inner  branches 

8 

3.3 

Outer  branches 

2 

0.8 

3  Number  of  focal  individual  samples  in  which  last  observation  was  foraging. 
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TABLE  3.  Univariate  analysis  of  covariance  for  male  Yellow-bellied  Sapsucker  behavior  among  three  diurnal  periods 
(i.e.,  morning:  sunrise-1059  hrs;  midday:  1100-1359  hrs,  and  afternoon:  1400  hrs-sunset)  in  the  Stephen  F.  Austin 
Experimental  Forest  and  the  Naconiche  Mitigation  Site,  east  Texas,  23  October  2005-22  March  2006. 


Diurnal  period 


Behavior 

Morning  ( n 

=  55) 

Midday  ( n 

=  28) 

Afternoon  ( n 

=  25) 

F 

P 

X 

SE 

X 

SE 

X 

SE 

Perching,  % 

27.05 

2.55 

38.77 

4.12 

43.51 

5.28 

1.32 

0.171 

Sap  well  foraging,  % 

48.18 

3.65 

34.67 

4.84 

26.67 

5.39 

0.71 

0.492 

Scaling,  % 

2.02 

0.83 

1.71 

0.73 

6.89 

3.52 

0.16 

0.853 

Hitching,  % 

16.29 

1.61 

18.25 

2.80 

13.94 

2.20 

0.47 

0.629 

Flying,  % 

1.86 

0.32 

1.74 

0.45 

1.84 

0.50 

0.17 

0.846 

Other,  % 

2.21 

1.13 

1.32 

0.81 

5.15 

3.28 

0.12 

0.887 

Unknown,  % 

2.39 

0.46 

3.54 

1.27 

1.98 

0.89 

0.09 

0.913 

0.859),  but  behaviors  varied  between  years 
(Wilks’  X  =  0.93;  df  =  6,  249;  P  =  0.004); 
subsequent  analyses  were  performed  within  year 
with  study  sites  combined. 

We  collected  108  male  focal  samples  during 
2005-2006.  Behaviors  were  similar  among  diur¬ 
nal  periods  (Wilks’  X  =  0.95;  df  =  12,  178;  P  = 
0.970)  and  6-week  sampling  periods  (Wilks’  X  = 
0.86;  df  =  18,  252;  P  =  0.724).  Deviation  from 
average  low  temperature  (Wilks’  X  =  0.94;  df  = 
6,  89;  P  =  0.502)  and  deviation  from  average  high 
temperature  (Wilks’  X  =  0.94;  df  =  6,  89;  P  = 
0.485)  were  not  important  covariates.  Perching 
generally  increased  during  the  day,  sap  well 
foraging  generally  decreased  throughout  the  day, 
and  hitching  was  generally  greatest  during  midday 
(Table  3).  Sapsuckers  foraged  more  upon  arrival 
(i.e.,  first  6-week  period),  and  time  spent  foraging 
decreased  through  winter  into  early  spring  (Ta¬ 
ble  4).  Conversely,  less  time  was  spent  perching 


during  the  first  6-weeks,  but  increased  throughout 
winter  and  early  spring  (Table  4). 

We  collected  161  male  focal  samples  during 
2006-2007.  Behaviors  varied  among  diurnal 
periods  (Wilks’  X  =  0.71;  df  =  12,  284;  P  < 
0.001),’ 6-week  sampling  periods  (Wilks’  X  = 
0.78;  df  =  18,  402;  P  =  0.006),  and  a  diurnal 
period  X  6-week  period  interaction  occurred 
(Wilks’  X  =  0.70;  df  =  36,  626;  P  =  0.038). 
Deviation  from  average  low  temperature  was  an 
important  covariate  (Wilks’  X  =  0.90;  df  =  6, 
142;  P  =  0.018),  but  deviation  from  average  high 
temperature  was  not  (Wilks’  X  =  0.95;  df  =  6, 
142;  P  =  0.269).  Sapsuckers  spent  more  time 
foraging  in  morning,  and  perched  more  in  the 
afternoon  (Table  5).  Deviation  from  average  low 
temperature  was  an  important  covariate  for 
perching  (F  =  8.12;  df  =  13,  160;  P  =  0.005) 
and  sap  well  foraging  (F  =  11.41;  df  =  13,  160;  P 
=  0.009),  as  sapsuckers  spent  less  time  foraging 


TABLE  4.  Univariate  analysis  of  covariance  for  male  Yellow-bellied  Sapsucker  behavior  among  6- week  periods  in  the 
Stephen  F.  Austin  Experimental  Forest  and  the  Naconiche  Mitigation  Site,  east  Texas,  23  October  2005-22  March  2006. 


Period 


10  October-21  22  November-2  3  January- 14  15  February-27 

November3  (n  =  14)  January  (n  =  17)  February  (n  =  32)  March  (n  =  45) 


Behavior 

X 

SE 

X 

SE 

X 

SE 

X 

SE 

F 

P 

Perching,  % 

19.79  bb 

4.15 

34.53  ab 

5.86 

39.62  a 

4.30 

3'3.89  a 

3.17 

2.86 

0.041 

Sap  well  foraging,  % 

47.07  a 

7.64 

42.48  a 

5.71 

32.04  a 

5.1  1 

41.80  a 

4.21 

2.08 

0.108 

Scaling,  % 

3.62  a 

1.67 

1.21  a 

0.53 

5.68  a 

2.38 

1.73  a 

1.38 

0.82 

0.488 

Hitching,  % 

19.94  a 

3.61 

16.97  a 

3.78 

15.53  a 

1.86 

15.35  a 

1.86 

0.56 

0.642 

Flying,  % 

2.37  a 

0.62 

1.57  a 

0.49 

2.20  a 

0.44 

1.48  a 

0.37 

0.31 

0.817 

Other,  % 

4.33  a 

3.01 

0.67  a 

0.42 

2.87  a 

2.22 

'  2.74  a 

1.47 

0.12 

0.950 

Unknown,  % 

2.86  a 

1.18 

2.55  a 

0.74 

2.06  a 

0.80 

2.90  a 

0.81 

0.32 

0.809 

“  Six-week  periods  defined  using  the  earliest  and  latest  date  in  which  focal  samples  were  collected  during  2005-2006. 
Means  followed  by  the  same  letter  in  the  same  row  are  not  different  (P  >  0.05). 
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TABLE  5.  Univariate  analysis  of  variance  for  male  Yellow-bellied  Sapsucker  behaviors  among  three  diurnal  periods 
(i.e.,  morning:  sunrise-1059  hrs;  midday:  1100-1359  hrs,  and  afternoon:  1400  hrs-sunset)  in  the  Stephen  F.  Austin 
Experimental  Forest  and  the  Naconiche  Mitigation  Site,  east  Texas,  1 1  October  2006-27  March  2007 . 

Diurnal  period 

P 

Morning  (/? 

=  68) 

Midday  (n 

=  61) 

Afternoon  ( n  =  32) 

Behavior  x 

SE 

X 

SE 

X 

SE 

F 

Perching,  %  31.39  ba 

2.20 

48.27  a 

3.04 

54.56  a 

3.90 

10.30 

<0.001 

Sap  well  foraging,  %  49.69  a 

2.78 

37.91  b 

3.24 

24.77  c 

4.31 

7.01 

0.001 

Scaling,  %  2.46  a 

1.32 

0.12  a 

0.09 

1.67  a 

1.27 

1.09 

0.340 

Hitching,  %  12.34  a 

1.40 

9.87  a 

1.21 

13.57  a 

1.54 

2.50 

0.086 

Flying,  %  2.56  a 

0.45 

0.84  b 

0.16 

1.63  ab 

0.32 

6.22 

0.003 

Other,  %  0.37  a 

0.20 

1.79  a 

1.13 

1.19  a 

1.14 

0.31 

0.737 

Unknown,  %  1.20  b 

0.27 

1.19  b 

0.32 

2.60  a 

0.64 

4.95 

0.008 

a  Means  followed  by  the  same  letter  in  the  same  row  are  not  different  (P  >  0.05). 


during  warmer  weather  and  more  time  perching 
during  colder  weather  (Table  5).  Behaviors  varied 
among  6-week  sampling  periods,  but  there  was 
little  variability  in  sapsucker  behavior  (P  >  0.05). 
Yellow-bellied  Sapsuckers  foraged  more  upon 
arrival  and  decreased  foraging  during  winter  into 
early  spring,  while  perching  behavior  increased 
over  time  (Table  6). 

DISCUSSION 

Behaviors  of  Yellow-bellied  Sapsuckers  were 
relatively  consistent,  despite  subtle  differences 
between  years.  Sapsuckers  spent  more  time 
foraging  upon  arrival  (Oct-Nov;  ~47%),  and 
gradually  decreased  time  foraging  from  late  fall 
(36.4-42.5%),  through  winter  (33.CM-2.1%),  and 
early  spring  (38.6^12.4%).  This  may  be  typical  of 
most  temperate  migrants,  where  birds  increase 
foraging  activity  upon  arrival  in  wintering  areas  to 
recover  from  migration  and  replenish  fat  stores 
prior  to  onset  of  inclement  weather  during  winter 
(Koenig  et  al.  2005).  Birds  are  hypothesized  to 
maintain  body  fat  levels  through  maintenance 
foraging  and  “winter  fattening”  (Koenig  et  al. 
2005),  and  increase  time  foraging  prior  to  onset  of 
spring  migration.  Migratory  behaviors  are  not 
well  documented  for  sapsuckers  and  they  are  not 
thought  to  travel  long  distances  over  short 
temporal  scales,  but  rather  .  exhibit  step-stone 
migration,  which  would  not  necessitate  the 
dramatic  recovery  period  upon  arrival.  Body 
condition  estimates  are  unavailable  during  migra¬ 
tion  or  upon  arrival  in  winter,  and  their  physio¬ 
logical  status  upon  arrival  is  unknown.  Moreover, 
sapsuckers  exploit  a  specific  foraging  niche  and 
have  diets  vastly  different  from  most  insectivo¬ 


rous,  frugivorous,  or  granivorous  birds  (Walters  et 
al.  2002).  Thus,  sapsuckers  may  not  necessarily 
exhibit  typical  migrant  recovery  upon  arrival. 
They  may  increase  time  spent  foraging  upon 
arrival  as  they  settle  into  winter  habitat,  and  either 
discover  or  relocate  previously  used  host  trees  and 
initiate  sap  flow  through  sap  well  foraging.  Once 
host  trees  are  discovered,  assessed,  and  sap  flow  is 
initiated,  sapsuckers  may  not  need  to  devote  as 
much  time  to  foraging  over  time. 

Yellow-bellied  Sapsuckers  spent  about  50%  of 
their  time  foraging  during  morning  and  about 
50%  of  their  time  perching  in  afternoon  and  early 
evening.  This  diurnal  foraging/perching  trend  was 
consistent,  indicating  a  fairly  static  approach  to 
partitioning  time  foraging  and  perching  during 
winter.  Increased  foraging  in  early  diurnal  periods 
may  be  associated  with  sap  well  construction  and 
not  necessarily  related  to  immediate  food  acqui¬ 
sition  (Caraco  1979).  Increases  in  perching  and 
decreases  in  foraging  following  sap  well  estab¬ 
lishment  may  be  a  result  of  daily  sap  well 
establishment  and  subsequent  maintenance  and 
foraging  bouts.  We  observed  few  agonistic  or 
territorial  behaviors.  Diurnal  decreases  in  time 
foraging  and  subsequent  increases  in  perching 
(resting)  may  indicate  that  energetic  deficits  of 
sap  well  construction  were  offset  via  feeding  in 
the  morning,  and  sapsuckers  could  afford  to 
decrease  time  foraging  during  most  days. 

The  only  deviation  from  the  typical  pattern  of 
foraging  early  and  resting  late  during  each  day 
occurred  when  temperatures  were  colder  (i.e., 
when  they  deviated  from  monthly  average  low 
temperatures).  Temperature  is  negatively  corre¬ 
lated  with  time  spent  foraging  for  some  species 
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TABLE  6.  Univariate  analysis  of  covariance  for  male  Yellow-bellied  Sapsucker  behaviors  among  6-week  periods  in 
the  Stephen  F.  Austin  Experimental  Forest  and  the  Naconiche  Mitigation  Site,  east  Texas,  1 1  October  2006-27  March  2007. 

Behavior 

Period 

F 

P 

10  October-21 
November3  (n  =  41) 

22  November-2 
January  ( n  =  46) 

3  January- 
February  (n 

-14 
=  22) 

15  February-27 
March  ( n  =  52) 

X 

SE 

X 

SE 

X 

SE 

X 

SE 

Perching,  % 

34.33  ab 

2.94 

47.57  a 

3.25 

41.17  a 

5.38 

44.69  a 

3.50 

1.91 

0.131 

Sap  well  foraging,  %  46.35  a 

4.07 

36.06  a 

3.72 

39.99  a 

5.77 

39.32  a 

3.49 

1.32 

0.269 

Scaling,  % 

3.58  a 

2.17 

1.05  a 

0.88 

0.00  a 

0.00 

0.63  a 

0.28 

0.93 

0.427 

Hitching,  % 

11.44  a 

1.70 

9.52  a 

1.39 

16.65  a 

2.97 

11.57  a 

1.14 

1.82 

0.146 

Flying,  % 

2.34  a 

0.60 

1.51  a 

0.30 

1.20  a 

0.33 

1.65  a 

0.36 

0.74 

0.528 

Other,  % 

0.22  a 

0.12 

2.29  a 

1.49 

0.02  a 

0.02 

1.11  a 

0.74 

0.27 

0.844 

Unknown,  % 

1.74  b 

0.47 

2.00  a 

0.49 

0.98  b 

0.46 

1.01  b 

0.26 

3.01 

0.032 

*  Six-week  periods  defined  using  the  earliest  and  latest  date  in  which  focal  samples  were  collected  during  2006-2007. 
Means  followed  by  the  same  letter  in  the  same  row  are  not  different  ( P  >  0.05). 


(Fischer  and  Griffin  2000).  Resting  behaviors 
have  been  reported  to  be  positively  related  to 
temperature  in  passerines,  where  birds  tend  to  rest 
more  when  temperatures  increase  (Schartz  and 
Zimmerman  1971).  Sapsuckers  may  need  to  spend 
more  time  foraging  at  lower  temperatures  to 
account  for  slower  sap  flow  as  compared  to 
typical/warmer  days  (Gall  et  al.  2002).  Time  spent 
perching  should  increase  on  warmer  days,  as  less 
time  is  needed  to  forage  when  sap  flow  rates  are 
normal,  and  thermoregulatory  costs  would  be  less 
severe.  A  generally  mild  winter  climate  in  east 
Texas  may  induce  consistent  early  foraging  and 
late  perching  with  little  need  for  seasonal 
adjustment.  Sapsuckers  fit  both  scenarios  where 
time  spent  foraging  increased  on  comparatively 
colder  days  and  time  spent  perching  increased  on 
comparatively  warmer  days. 

Foraging  locations  recorded  during  this  study 
are  similar  to  previous  studies,  most  often  on  the 
lower  portions  of  the  tree  (Erdmann  and  Oberg 
1974,  Eberhardt  1994,  Wilkins  2001).  Sapsuckers 
appear  to  select  host  tree  species  that  occur  in 
areas  with  elevated  densities  of  that  species, 
compared  to  forest  species  composition  in  both 
winter  and  summer  areas  (Erdmann  and  Oberg 
1974,  Wilkins  2001,  Speights  2007).  Consistency 
in  foraging  location  (i.e.,  lower  portion  of  tree)  is 
also  similar  across  its  range  (Erdmann  and  Oberg 
1974,  Eberhardt  1994,  Wilkins  2001). 

Winter  food  limitations  decrease  winter  surviv¬ 
al  in  small  bodied  passerines  that  forage  on  patchy 
prey  items  (Desrochers  et  al.  1988);  however, 
areas  with  plentiful  potential  host  trees  (at  study 
sites  in  this  study;  Speights  2007)  provide 
consistent  foraging  opportunities  and  consistent 


behavior  throughout  winter.  Physiological  differ¬ 
ences  in  trees  used  by  sapsuckers  during  winter 
(Speights  2007)  may  explain  why  time  activity 
remains  consistent  during  an  individual  winter, 
but  varies  from  year  to  year. 
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HIGH  MOUNTAIN  LAKES  PROVIDE  A  SEASONAL  NICHE  FOR 
MIGRANT  AMERICAN  DIPPERS 

JUSTIN  M.  GARWOOD, IA5  KAREN  L.  POPE,2'3 * 5  RYAN  M.  BOURQUE,2  AND 

MONTY  D.  LARSON1-2 

ABSTRACT. — We  studied  summer  use  of  high  elevation  lakes  by  American  Dippers  ( Cinclus  mexicanus)  in  the  Trinity 
Alps  Wilderness,  California  by  conducting  repeated  point-count  surveys  at  16  study  lakes  coupled  with  a  5-year  detailed 
survey  of  all  available  aquatic  habitats  in  a  single  basin.  We  observed  American  Dippers  during  36%  of  the  point-count 
surveys  and  found  birds  at  10  of  16  study  lakes.  Over  90%  of  the  American  Dipper  sightings  were  in  lentic  habitats  in  Deep 
Creek  Basin.  Bird  presence  at  a  lake  was  positively  correlated  with  steep  rocky  littoral  zones  and  high  densities  of  caddisfly 
(Trichoptera)  larvae.  We  also  observed  numerous  successful  foraging  bouts  on  juvenile  life  stages  of  lentic-breeding 
amphibians.  We  did  not  find  any  nests  at  the  lakes  but  did  observe  juvenile  dippers.  American  Dippers  are  highly  adapted  to 
flowing  waters,  and  our  findings  coupled  with  incidental  observations  from  the  literature  and  other  researchers  suggests  that 
high  elevation  lentic  waterbodies  have  been  largely  overlooked  as  a  seasonal  niche  for  migrant  dippers.  Received  8 
September  2008.  Accepted  2  February  2009. 


Study  of  avian  migratory  strategies  has  been  of 
intense  interest  to  ornithologists,  especially  when 
bird  species  exhibit  broad  variation  in  seasonal 
habitat  use  (Alerstam  1990).  Many  species  of 
passerines  make  seasonal  altitudinal  migrations  to 
high  elevation  habitats  during  spring  and  summer 
to  exploit  resources  when  the  climate  is  mild  and 
productivity  is  high  (Dixon  and  Gilbert  1964, 
Rabenold  and  Rabenold  1985,  Hahn  et  al.  2004, 
Hollenbeck  and  Ripple  2007).  Birds  that  use  this 
migratory  strategy  can  take  advantage  of  the  early 
spring  bounty  available  at  low  elevations,  move 
up  in  the  mountains  for  the  summer  to  exploit 
delayed  seasonal  resources  after  snow  has  melted 
and  temperatures  increase,  and  move  down  in  fall 
before  the  onset  of  harsh  winter  conditions. 

The  American  Dipper  ( Cinclus  mexicanus),  is 
an  example  of  a  highly  aquatic  passerine  that 
commonly  migrates  upstream  from  low  elevation 
wintering  areas  along  rivers  to  higher  elevation 
habitats  (Dixon  1943,  Packard  1945,  Price  and 
Bock  1983,  Morrissey  et  al.  2004,  Willson  and 
Hocker  2008).  Morrissey  et  al.  (2004)  found  the 
majority  (79-90%)  of  a  marked  American  Dipper 
(hereafter  ‘dipper’)  population  in  British  Colum¬ 
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bia  completed  seasonal  migrations  from  a  low 
elevation  river  to  completely  segregated  higher 
elevation  tributaries  in  spring.  Most  migrants 
returned  to  low  elevation  rivers  during  fall  prior 
to  the  onset  of  winter.  Several  studies  report 
migrant  dippers  readily  bred  at  higher  elevation 
tributaries  (Morrissey  2004,  Middleton  et  al. 
2006,  Willson  and  Hocker  2008).  Studies  by 
Packard  (1945)  and  Price  and  Bock  (1983)  in 
Colorado  identified  ice  formation  at  higher 
elevations  as  the  ultimate  cause  for  dippers  to 
exhibit  downstream  migration  in  fall. 

Characteristic  habitat  for  dippers  has  been 
described  as  fast-moving,  clear,  unpolluted 
streams  with  cascades,  riffles,  and  waterfalls 
(Price  and  Bock  1983,  Kingery  1996).  Dippers 
dive  for  a  variety  of  aquatic  prey  in  these  habitats, 
including  invertebrates,  fish  (salmonid  eggs  and 
juveniles,  cottids),  and  amphibians  (Ehinger  1930, 
Bakus  1959,  Sullivan  1973,  Kingery  1996, 
Morrissey  and  Olenick  2004).  Nest  locations  vary, 
but  are  usually  on  cliffs,  banks,  boulders,  woody 
debris,  and  bridges  in  direct  association  with  the 
stream  channel  (Hann  1950,  Morrissey  2004, 
Loegering  and  Anthony  2006).  Thus,  dippers  are 
primarily  considered  an  obligate  stream  species 
(Price  and  Bock  1983,  Middleton  et  al.  2007). 

Dippers  have  been  recorded  foraging  in  both 
low  elevation  ponds  and  lakes  during  winter 
(Willson  and  Hocker  2008),  and  high  elevation 
lakes  during  summer  (Palmer  1927,  McEneaney 
2002).  We  predicted  lentic  waterbodies  provide  a 
significant  seasonal  habitat  for  migrant  dippers. 
Breeding  in  California  occurs  between  March  and 
June  depending  on  elevation  (Wheelock  1904, 
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Dawson  1923,  Beedy  and  Granholm  1985,  Harris 
1991)  and  birds  usually  fledge  by  late  June  in 
higher  elevation  regions  (Cogswell  1977).  We 
predicted  that  both  adult  and  juvenile  dippers 
forage  at  high  elevation  lakes  but  that  breeding 
does  not  occur  since  lakes  are  often  frozen  into 
late  May  or  early  June.  No  study  has  assessed  the 
potential  importance  of  these  Stillwater  habitats 
for  migrant  dippers. 

Our  objectives  were  to:  (1)  describe  the 
prevalence  of  American  Dippers  in  lakes  and 
correlate  dipper  occurrence  with  lake  resources  in 
the  Trinity  Alps  Wilderness,  California,  USA;  (2) 
describe  foraging  behavior  on  prey  unique  to 
lentic  waters  in  the  region;  and  (3)  summarize 
published  and  confirmed  observations  of  dippers 
using  lakes  throughout  western  North  America. 
We  focused  on  characteristics  of  lakes  where 
dippers  were  found,  frequency  of  occurrences, 
duration,  and  specific  foraging  behaviors  that  may 
indicate  which  high  elevation  lakes  could  be 
important  to  this  species. 

METHODS 

Study  Area. — The  Trinity  Alps  Wilderness 
(212,713  ha)  is  in  a  glacially  characterized  portion 
(Sharp  1960)  of  the  Klamath  Mountains  of 
northern  California  (Fig.  1)  with  many  mountains 
in  this  sub-alpine  region  exceeding  2,300  m. 
Lakes,  ponds,  and  meadow  systems  are  common 
aquatic  features  and  are  predominantly  in  mixed 
conifer  to  sub-alpine  habitats  at  terminal  positions 
in  drainages.  High  gradient  outlet  streams  of  most 
lentic  waterbodies  provide  aquatic  corridors  to 
lower  elevation  streams.  Deep  winter  snow  accu¬ 
mulation  in  this  region  causes  lentic  waterbodies  to 
remain  completely  frozen  from  late-November 
until  June  during  average  precipitation  years. 

We  surveyed  16  headwater  lakes  throughout 
the  eastern  half  of  the  wilderness.  We  chose  lakes 
that  had  low  recreation  use,  occurred  at  similar 
elevations,  and  were  relatively  small.  Lakes  were 
between  1,896  and  2,210  m  in  elevation,  ranged 
from  0.3  to  1 .98  ha  in  size,  and  were  between  2.4 
and  11.3  m  deep.  We  also  conducted  a  repeated 
basin-wide  survey  for  dippers  to  examine  high 
elevation  lotic  and  lentic  habitat  use.  Deep  Creek 
Basin  is  a  medium  size  (342  ha)  glacial  cirque  in 
the  southeast  portion  of  the  wilderness  (Fig.  1). 
Aquatic  habitats  included  a  lake,  several  perma¬ 
nent  ponds,  a  matrix  of  12  wet  meadows,  and  5.8 
linear  km  of  perennial  streams.  Aquatic  habitats 
ranged  in  elevation  from  1,960  to  2,279  m. 


Bird  Counts. — Each  of  the  16  lakes  was  sur¬ 
veyed  every  2  weeks  between  June  and  Septem¬ 
ber  2003-2006  with  six  survey  periods  in 
summers  2004  and  2005,  and  five  in  2003  and 
2006.  We  conducted  5-min  double-observer  point 
counts  (Nichols  et  al.  2000)  around  each  lake 
during  each  survey  period  on  two  consecutive 
mornings  starting  within  15  min  of  dawn.  Points 
were  within  25M-0  m  of  shore  and  were  separated 
by  at  least  100  m.  The  number  of  points  per  lake 
depended  on  lake  size  and  ranged  from  three  to 
six.  Number,  distance,  and  method  of  identifica¬ 
tion  (sight  or  sound)  of  all  dippers  observed  were 
recorded.  The  maximum  number  of  birds  ob¬ 
served  at  one  time  during  one  point  count  on 
either  day  of  the  survey  was  considered  the 
number  of  birds  for  that  survey  at  the  lake.  We 
followed  the  point  count  with  a  directed  search  for 
nests  along  the  shoreline  and  inlets  and  outlets 
when  dippers  were  found  at  a  lake. 

We  conducted  50  basin- wide  censuses  ( — 10/ 
year)  of  all  aquatic  habitats  in  Deep  Creek  Basin 
over  5  years  (2003-2007).  The  only  lake  in  the 
basin  (Echo  Lake)  was  included  in  the  16  lakes 
study,  but  habitat  comparisons  were  limited  to 
observations  during  basin- wide  censuses  to  ensure 
equal  search  effort  among  available  habitats. 
Surveyors  systematically  searched  all  aquatic 
habitats  within  the  basin  from  June  through 
October  noting  the  location,  date,  and  number  of 
dippers  seen.  Foraging  behavior  was  noted  in 
2005  and  2006  at  two  lentic  waterbodies  (Echo 
Lake  and  Snowmelt  Pond)  where  dippers  were 
frequently  encountered.  We  observed  dippers 
foraging  on  invertebrates  (e.g.,  larval  caddisflies, 
Trichoptera)  on  occasion,  but  we  limited  foraging 
descriptions  to  amphibian  predation  due  to  its 
prevalence  at  these  two  waterbodies  and  absence 
in  the  literature.  Amphibian  prey  was  identified  to 
species  at  close  range  with  binoculars  when 
conditions  allowed.  We  recorded  feeding  behav¬ 
ior,  prey  type,  and  time  spent  foraging  when  birds 
were  encountered  at  these  sites. 

We  recorded  the  number  of  individual  dippers 
observed  incidentally  outside  of  the  primary  study 
lakes  but  in  the  wilderness  on  a  particular  date  at  a 
given  lake  from  2001  to  2008.  These  observations 
were  summarized  and  added  to  the  total  number 
of  lakes  having  dipper  observations  but  were  not 
included  in  statistical  tests. 

Food  Resources. — Aquatic  invertebrates  were 
sampled  from  the  benthos  of  the  littoral  zone  of 
each  of  the  16  lakes  on  every  survey  trip  in  2006. 
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FIG.  1.  American  Dipper  sightings  within  the  Trinity  Alps  Wilderness,  California.  White  circles  represent  all 
headwater  lakes  >0.5  ha  within  the  wilderness  in  —  101).  Black  circles  represent  18  individual  lentic  waterbodies  where 
American  Dipper  observations  occurred  between  2001  and  2008. 


Three  D-net  sweeps  were  taken  at  —0.1,  0.5,  and 
1 .0  m  deep  at  four  equally  spaced  transects 
around  the  lake  shore.  Invertebrates  >4  mm  were 
sorted  in  the  field,  identified  to  Order  and 
counted.  Counts  of  each  taxon  were  averaged 
across  the  season. 

Amphibians  were  sampled  during  each  survey 
trip  at  the  16  study  lakes  using  visual  encounter 
surveys  (VES),  (Crump  and  Scott  1994).  Crews 
counted  all  life  stages  (egg  masses,  larvae, 
juveniles,  and  adults)  during  each  VES  for  each 
amphibian  species  seen  while  searching  shoreline 
and  littoral  habitats,  looking  under  banks  and  logs 
and  in  the  littoral  zone  substrate.  We  used  the 
mean  number  of  larval  amphibians  counted  during 
each  year  per  site  as  the  amphibian  larval 
abundance  for  the  lake. 

Habitat  Characteristics. — Littoral  zone  habitat 
characteristics  were  measured  by  sampling  from 
—25  evenly  spaced  transects  around  the  perimeter 
of  each  study  lake.  Depth  and  substrate  at  each 
transect  were  recorded  at  three  distances  from 
shore  (0.1,  0.5,  and  1.0  m).  Littoral  zone  slope 
was  calculated  by  obtaining  the  slope  of  a  least- 
squares  line  through  the  locations  of  the  three 
depth  measurements.  The  slopes  for  each 
transect  were  averaged  to  obtain  a  mean  littoral 
zone  slope  for  each  lake.  Littoral  zone  substrate 


categories  were  defined  by  dominant  particle  size. 
We  pooled  substrate  categories  with  average 
particle  sizes  >75  mm  into  a  rock  category  for 
analyses. 

Statistical  Analyses. — We  used  a  binomial 
nonparametric  regression  with  a  LOESS  smooth¬ 
ing  function  (Cleveland  and  Devlin  1988)  to  relate 
dipper  presence  with  survey  period  (where  survey 
1  =  12-30  Jun  and  survey  6  =  3-16  Sep 
depending  on  the  lake  and  year).  The  LOESS 
smoothing  function  relaxes  the  assumption  of 
linearity  between  dependent  and  predictor  vari¬ 
ables  by  fitting  a  series  of  local  quadratic  curves 
using  weighted  least  squares  (Cleveland  and 
Devlin  1988).  We  used  multiple  regression  with 
the  mean  number  of  dippers  seen  per  lake  during 
count  surveys  as  the  dependent  variable  and  lake 
characteristics  and  food  resources  as  the  predictor 
variables.  The  continuous  variables:  littoral  zone 
slope,  amount  of  rock  substrate,  abundance  of 
caddisfly  larvae,  and  density  of  amphibian  larvae 
were  selected  a  priori  based  on  existing  literature 
or  field  observations  that  suggested  their  impor¬ 
tance  in  affecting  dipper  occurrence.  Most  results 
reported  were  significant  at  P  <  0.05,  but  we  also 
present  trends  to  avoid  excessive  Type  II  error. 
Regression  analyses  were  conducted  using  S-  Plus 
4.5  (S-Plus  1997). 
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TABLE  1 .  Physical  characteristics  and  number  of  American  Dipper  observations  for  1 8  lentic  waterbodies  within  the 
Trinity  Alps  Wilderness,  California,  2001-2008. 


Waterbody 

Elev 

(m) 

Size 

(ha) 

Max  depth 
(m) 

Dominant  littoral 
zone  substrate 

Years 

surveyed 

Years  birds 
detected 

Total 

detections 

Max 

birds* 

Adamsb 

1,873 

0.5 

5.8 

Silt 

5 

4 

17 

3 

Big  Boulder 

1,851 

3.2 

8.3 

Silt 

1 

1 

2 

2 

Boulder  Creek 

1,760 

1.4 

5.0 

Silt/Boulder 

2 

2 

3 

1 

Deer" 

2,177 

1.3 

5.5 

Silt/Boulder 

4 

4 

20 

3 

Edenc 

2,136 

0.03 

1.3 

Silt/Boulder 

3 

1 

1 

1 

Echo6 

2,215 

1.1 

5.3 

Silt/Boulder 

7 

7 

121 

5 

Forbidden 

1,870 

0.8 

2.9 

Silt 

1 

1 

1 

1 

Foster 

2,209 

2.7 

5.9 

Boulder/Silt 

1 

1 

1 

1 

Lionb 

2,133 

1.5 

11.6 

Bedrock/Boulder 

4 

4 

19 

2 

Little  Caribou6 

2,180 

1.0 

5.2 

Silt/Bedrock 

4 

2 

11 

2 

Lower  Canyon 

1,720 

5.7 

33.2 

Silt/Bedrock 

1 

1 

1 

1 

Luellab 

2,111 

0.9 

3.2 

Silt/Boulder 

3 

2 

4 

1 

Mavis6 

2,049 

1.7 

5.0 

Silt 

4 

1 

2 

1 

Salmon6 

2,180 

0.7 

5.2 

Silt 

4 

3 

13 

2 

Snowmelt6 

2,226 

0.2 

1.5 

Silt/Boulder 

5 

3 

14 

3 

Ward6 

2,171 

2.0 

7.5 

Silt 

5 

4 

7 

2 

Upper  Canyon 

1,730 

10.1 

26.2 

Silt/Bedrock 

1 

1 

1 

1 

260626, 6 

2,055 

0.3 

3.2 

Silt 

4 

3 

12 

2 

3  Maximum  number  of  individual  American  Dippers  detected  during  a  given  survey. 
b  Waterbody  part  of  the  systematic  16-lake  study. 
c  Pond  (<0.5  ha). 


RESULTS 

We  recorded  250  individual  sightings  of 
American  Dippers  from  2001  to  2008  at  18  lentic 
waterbodies  in  the  Trinity  Alps  Wilderness 
(Fig.  1,  Table  1).  Both  adults  and  juveniles  were 
observed  but  no  nests  were  found.  Observation 
dates  ranged  from  14  June  to  10  October.  Ninety 
of  these  sightings  (36%)  were  of  individuals,  45 
(36%)  were  of  two  individuals,  13  (16%)  were  of 
three  individuals,  four  (6%)  were  of  four  individ¬ 
uals,  and  three  (6%)  were  of  five  individuals.  The 
18  waterbodies  varied  in  elevation  (1,720- 
2,226  m),  surface  area  (0.03-10.1  ha),  and  max¬ 
imum  depth  (1.3-33.2  m)  (Table  1).  Fifteen  were 
lakes  and  three  were  ponds  less  than  0.5  ha  in 
size.  All  waterbodies  had  outlet  streams,  but  six 
had  outlets  that  dried  completely  in  midsummer 
each  year. 

Dippers  were  found  at  10  of  the  16  study  lakes 
(Table  1)  and  observed  35.5%  of  the  time  during 
the  214  point-count  surveys  conducted  over 
4  years.  They  were  observed  in  all  4  years  at 
three  lakes,  3  of  4  years  at  four  lakes,  2  years  at 
two  lakes,  and  only  1  of  the  4  survey  years  at  one 
lake.  Dippers  were  most  often  observed  after  the 
first  survey  in  mid-June  with  no  difference  in  the 
probability  of  occurrences  during  the  rest  of  the 
surveys  in  July  through  mid-September  (Fig.  2). 


Dipper  occurrence  at  a  lake  was  related  to 
habitat  and  food  variables  (adjusted  R2  =  0.70,  P 
=  0.001,  Table  2).  Lakes  frequented  by  dippers 
had  steeper  littoral  zone  slopes,  more  caddisfly 
larvae,  and  tended  to  have  more  rocky  substrate 
than  lakes  without  dippers  (Table  2).  Density  of 
amphibian  larvae  was  not  related  to  dipper 
occurrence  ( P  =  0.95). 

Dippers  were  most  commonly  encountered  in 
lentic  waterbodies  within  Deep  Creek  Basin. 
Individuals  were  observed  as  early  as  30  June 
and  as  late  as  10  October.  Echo  Lake  had  70.6% 
of  the  total  observations  in  the  basin  with  2-5 
dippers  detected  every  year.  Snowmelt  Pond  had 
fewer  observations  (20%)  with  1-3  dippers 
detected  in  3  of  5  years.  Observations  of  dippers 
away  from  these  waterbodies  were  rare  with  six 
(8%)  occurring  in  streams  and  one  at  a  small 
isolated  pond. 

Dippers  were  observed  foraging  on  both  larval 
and  recently  metamorphosed  amphibians  on  six 
occasions  at  Echo  Lake  or  Snowmelt  Pond. 
Dippers  preyed  on  47  individual  amphibians  (44 
larvae  and  3  froglets  [metamorphosed  young  of 
the  year])  during  the  observations.  Seven  prey 
items  were  confirmed  as  Cascades  frog  ( Rana 
cascadae )  (4  larvae  and  3  froglets)  and  four  were 
Pacific  treefrog  ( Pseudacris  regilla)  larvae.  We 


604 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  VoL  121,  No.  3,  September  2009 


FIG.  2.  Estimated  probability  of  American  Dipper  occurrence  by  survey  period.  The  first  survey  occurred  in  mid-June 
each  year.  Additional  surveys  followed  every  2  weeks  with  the  sixth  survey  conducted  in  early-  to  mid-September.  Dashed 
lines  on  either  side  of  the  response  curve  represent  95%  confidence  intervals.  Probability  of  occurrence  is  significantly 
lower  when  the  response  curve  and  the  confidence  intervals  are  completely  below  the  average  effect  line. 


were  unable  to  identify  prey  species  for  most 
(77%)  predation  events,  but  Cascades  frogs  and 
Pacific  treefrogs  were  the  only  anuran  species 
present  at  the  two  waterbodies.  The  maximum 
predation  rate  for  an  individual  dipper  was  21 
anuran  tadpoles  consumed  in  13  min. 

DISCUSSION 

American  Dippers  have  long  been  considered 
unique  among  passerines  by  having  a  life  history 
primarily  dependent  on  lotic  environments.  Dip¬ 
pers  are  highly  adapted  to  flowing  water,  but 
some  birds  successfully  use  high  elevation  lakes 
for  summer  habitat.  Previous  detailed  studies  on 
the  spatial  ecology  of  dippers  have  focused  solely 


on  populations  in  single  watersheds  covering 
large  linear  transects  (Price  and  Bock  1983, 
Morrissey  et  al.  2004).  The  designs  of  these 
studies  were  sufficient  in  revealing  seasonal 
migration  patterns  of  dippers  in  stream  environ¬ 
ments  but,  by  design,  could  not  reveal  whether 
alternative  high  elevation  habitats  were  also 
seasonally  used. 

Our  findings  suggest  headwater  lakes  are 
frequently  used  by  dippers  during  the  summer. 
Dippers  were  found  at  10  of  16  study  lakes  and 
were  detected  during  a  third  of  all  point-count 
surveys  at  the  lakes.  We  found  dippers  using  the 
majority  of  the  study  lakes  over  multiple  years 
and  throughout  the  summer.  Previous  studies 


TABLE  2.  Results  of  the  multiple  regression  analysis  relating  dipper  occurrence  at  the  16  study  lakes  with  caddisfly 
abundance,  amphibian  larval  abundance,  littoral  zone  slope,  and  percent  rock  in  the  littoral  zone. 


Source 

df 

SS 

MS 

F-ratio 

P 

Model 

i 

0.77 

0.77 

9.71 

0.001 

Residual 

n 

0.18 

0.0016 

Terms 

Trichoptera 

i 

0.17 

0.17 

10.12 

0.009 

Amphibian  larvae 

i 

0.0001 

0.0006 

0.004 

0.95 

Slope 

i 

0.11 

0.11 

6.69 

0.03 

%  rock 

i 

0.06 

0.06 

3.78 

0.08 
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using  marked  dipper  populations  showed  individ¬ 
uals  can  have  high  annual  fidelity  to  both  winter 
(67%)  (Morrissey  et  al.  2004)  and  breeding  (70%) 
territories  (Middleton  et  al.  2006).  We  suspect 
individual  dippers  return  annually  to  specific 
lakes  in  our  study  area  during  the  summer 
months.  We  did  not  identify  and  mark  individual 
birds  and  this  hypothesis  warrants  further  inves¬ 
tigation. 

Ninety-two  percent  of  all  dipper  observations 
over  5  years  in  Deep  Creek  Basin  occurred  at 
lentic  waterbodies.  It  remains  unclear  why  few 
dippers  used  the  available  lotic  habitats  in  the 
basin.  One  explanation  may  be  that  some  high 
elevation  lentic  habitats  contained  more  aquatic 
prey  than  streams  since  Stillwater  habitats  have 
higher  habitat  stability.  Surface  water  discharge 
increases  to  raging  torrents  during  peak  snowmelt 
in  these  high  gradient  streams,  likely  making  them 
inhospitable  to  many  invertebrate  and  amphibian 
species.  Macroinvertebrate  communities,  which 
provide  an  important  prey  source  for  dippers,  can 
have  lower  species  richness  (Brewin  et  al.  1995, 
Jacobsen  et  al.  1997)  and  relative  abundance 
(Sandin  and  Johnson  2000)  in  high  elevation 
versus  low  elevation  streams.  We  did  not  quantify 
aquatic  invertebrate  densities  in  Deep  Creek 
Basin,  but  their  densities  appeared  to  be  low  in 
streams  and  high  in  lentic  habitats.  In  addition,  we 
observed  numerous  large-bodied  caddisfly  larvae 
grazing  on  exposed  boulders  in  lentic  habitats  but 
rarely  in  lotic  waters.  The  two  streams  in  Deep 
Creek  Basin  where  dippers  were  observed  con¬ 
tained  populations  of  larval  tailed  frogs  ( Ascaphus 
truei)  (J.  M.  Garwood,  unpubl.  data),  a  known 
prey  species  of  dippers  (Daugherty  and  Sheldon 
1982,  Morrissey  and  Olenick  2004). 

We  found  24  references  from  1870  to  2008  that 
noted  dippers  on  at  least  48  occasions  at  montane 
lakes  across  seven  states  in  western  USA  and  five 
regions  in  British  Columbia,  Canada  (Table  3). 
Sixteen  of  these  references  were  prior  to  1970. 
Lake  elevations  ranged  from  580  m  in  Olympic 
National  Park,  Washington  to  3,537  m  in  the 
Sangre  de  Cristo  Mountains,  New  Mexico  (mean 
=  2,180  m).  Observations  of  dippers  at  Crater 
Lake  in  Oregon  (Farner  1952)  demonstrate 
individuals  can  fly  at  least  1.6  km  overland  to 
summer  at  lakes  completely  isolated  from 
streams. 

Eighteen  of  the  28  occasions  that  recorded  the 
number  of  individuals  detected  noted  one  bird,  six 
noted  two  birds,  two  noted  three  birds,  one  noted 


4  birds,  and  one  noted  5  birds  at  individual 
waterbodies.  Thirty-one  (79%)  of  the  39  obser¬ 
vations  that  provided  dates  were  from  July  to 
September,  one  occurred  in  October,  four  oc¬ 
curred  in  June,  two  in  April  and  one  in  May. 
Dippers  were  recorded  foraging  at  lakes  on  four 
occasions  (Cooper  1870,  Muir  1894:  219-220, 
Palmer  1927,  McEneaney  2002).  Juvenile  dippers 
were  recorded  at  lakes  on  12  occasions  (Table  3). 
One  reference  reported  a  dipper  nest  along  the 
shoreline  of  a  2,966  m  elevation  lake  in  Wyoming 
(Pattie  and  Verbeek  1966);  however,  the  nest  was 
considered  old  and  not  used  that  year. 

Our  model  that  correlated  lake  resources  to 
dipper  occurrence  offers  an  explanation  for 
favorable  lake  conditions.  It  appears  that  dippers 
select  specific  lakes  based  on  both  physical 
habitat  characteristics  and  the  abundance  of  food 
resources.  For  example,  boulders  from  surround¬ 
ing  steep  talus  fields  characterize  the  steep  littoral 
zones  of  many  lakes,  creating  small  “islands” 
and  intermittent  complex  shorelines.  We  com¬ 
monly  observed  dippers  resting  and  singing  on 
boulder  islands  between  foraging  sessions.  Lakes 
with  shallow  littoral  zones  and  a  minimal  amount 
of  large  rock  were  presumably  used  less  because 
of  their  lack  of  perches. 

Aquatic  insects  are  known  to  be  important  prey 
for  dippers  in  stream  habitats  (Price  and  Bock 
1983,  Kingery  1996)  and  also  seem  to  influence 
their  distribution  in  lake  habitats.  The  density  of 
amphibian  prey  did  not  influence  dipper  distribu¬ 
tion,  but  we  suggest  waterbodies  containing 
amphibians  likely  serve  as  an  important  seasonal 
lake-derived  resource  for  dippers,  especially  just 
prior  to  onset  of  winter.  Larvae  of  lentic-breeding 
amphibians  have  been  shown  to  provide  a  rich 
food  source  to  avian  predators  in  other  systems 
(Beiswenger  1981,  Crump  and  Vaira  1991,  Pilliod 
2002),  as  well  as  in  the  Trinity  Alps  where  Clark’s 
Nutcrackers  ( Nucifraga  Columbiana)  and  Ameri¬ 
can  Robins  ( T urdus  migratorius)  have  been 
observed  consuming  both  R.  cascadae  and  P. 
regilla  larvae  in  the  same  lentic  habitats  used  by 
dippers  in  this  study  (Garwood  2006). 

Nests  of  American  Dippers  have  been  found  in 
streams  up  to  3,049  m  in  elevation  (Hann  1950) 
and  one  nest  has  been  reported  along  a  lakeshore 
in  Wyoming  at  2,966  m  (Pattie  and  Verbeek 
1966).  We  did  not  find  any  evidence  of  breeding 
after  thorough  nest  searches  each  year  at  lakes 
where  we  found  dippers.  We  were  less  likely  to 
find  dippers  early  in  the  season  but  did  find 


TABLE  3.  American  Dipper  observations  at  montane  lentic  waterbodies  throughout  their  range  in  western  North  America. 
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several  juvenile  dippers  with  adults,  and  surmise 
that  fledgling  dippers  follow  their  parents  to  high 
elevation  lake  habitats  from  lower  elevation 
stream  nest  locations. 

Middleton  et  al.  (2007)  investigated  provi¬ 
sioning  rates  by  adult  dippers  to  young  during 
the  post-fledging  period  and  found  food  delivery 
rates  declined  significantly  during  the  second 
week.  We  did  not  observe  begging  juvenile 
dippers  or  food  provisioning  behavior  by  adult 
dippers  when  observed  together  at  lakes.  This 
strongly  suggests  lakes  are  used  primarily  as  post¬ 
breeding  habitats.  This  migratory  strategy  is 
also  evident  in  our  literature  review  where  most 
observations  occurred  from  July  through  Septem¬ 
ber.  Adult  and  fledgling  dipper  observations 
at  high  altitudes  continued  throughout  the 
summer  similar  to  observations  in  the  Sierra 
Nevada  Mountains,  California  (Gaines  1988),  and 
in  the  Rocky  Mountains,  Colorado  (Packard 
1945). 

We  demonstrated  that  dippers  use  high  eleva¬ 
tion  lentic  habitats  frequently  throughout  the 
summer  months  in  the  Trinity  Alps  Wilderness. 
These  observations,  coupled  with  those  from  our 
literature  review,  suggest  lakes  have  been  largely 
overlooked  as  a  seasonal  niche  for  migrant 
dippers.  Understanding  the  full  complement  of  a 
species’  resource  use  is  essential  to  understanding 
its  ecology.  We  recommend  future  studies  of 
American  Dippers  consider  high  elevation  lentic 
waterbodies  as  potential  seasonal  habitat  during 
the  annual  cycle.  For  example,  assumptions  of 
capture-mark-recapture  analysis  need  to  be  care¬ 
fully  considered  for  lower  elevation  studies  of 
dipper  populations  in  watersheds  containing  an 
abundance  of  high  elevation  lake  habitats.  Future 
studies  assessing  both  seasonal  and  annual  site 
fidelity,  as  well  as  general  behavioral  and 
foraging  ecology  of  dippers  at  lakes  should  offer 
valuable  insight  into  explaining  why  some  dippers 
migrate  to  these  habitats. 
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SURVIVAL  RATES  AND  LIFETIME  REPRODUCTION  OF  BREEDING 
MALE  COOPER’S  HAWKS  IN  WISCONSIN,  1980-2005 

ROBERT  N.  ROSENFIELD,1-6  JOHN  BIELEFELDT,2  LAURA  J.  ROSENFIELD,3 
TRAVIS  L.  BOOMS,4  AND  MICHAEL  A.  BOZEK5 


ABSTRACT. — There  are  few  published  data  on  annual  survival  and  no  reports  of  lifetime  reproduction  for  breeding 
Cooper’s  Hawks  ( Accipiter  cooperii).  Breeding  males  (n  =  105)  in  central  and  southeastern  Wisconsin  had  an  annual 
mortality  rate  of  19%,  or  a  survival  rate  of  81%  for  birds  <10  years  of  age.  We  did  not  detect  significant  differences  in 
mortality  rates  between  urban  and  rural  habitats,  nor  between  the  earlier  13  years  and  later  13  years  of  this  study.  Male 
Cooper’s  Hawks  produced  from  zero  to  32  nestlings  during  their  lifetimes.  Body  mass  or  size  appeared  unrelated  to  annual 
survivorship  and  lifetime  reproduction,  although  lifetime  reproduction  was  correlated  strongly  with  longevity  of  breeding 
males.  Fifteen  of  66  males  (23%)  produced  most  (53%)  of  the  nestlings.  Our  studies  occurred  in  an  area  where  breeding 
populations  may  be  increasing  with  some  of  the  highest  reported  productivity  indices  and  nesting  densities  for  this  species. 
Habitat  used  for  nesting  on  our  Wisconsin  study  areas  may  be  less  important  for  survivorship  and  lifetime  reproduction  than 
acquisition  of  a  nesting  area  in  which  a  male  will  breed  throughout  his  life.  Received  10  November  2008.  Accepted  11 
March  2009. 


Survival  is  a  fundamental  attribute  in  under¬ 
standing  population  ecology  of  avian  species  as 
well  as  trade-offs  that  may  exist  among  other  life 
history  traits,  including  increased  reproduction 
versus  decreased  survival  (Ricklefs  1973).  Infor¬ 
mation  on  survival  is  difficult  to  obtain  (Newton 
1989)  and  there  are  few  estimates  of  survivorship 
for  Cooper’s  Hawks  ( Accipiter  cooperii )  (Rosen- 
field  and  Bielefeldt  1993).  Early  studies  of 
survival  of  Cooper’s  Hawks  were  based  on 
banding  data  in  which  geographic  affiliations 
and  breeding  status  of  marked  individuals  were 
vague  or  unknown  (Henny  and  Wight  1972). 
More  recently,  using  telemetry,  Mannan  et  al. 
(2004)  reported  6-month  survival  rates  for  post¬ 
fledgling  Cooper’s  Hawks  in  an  urban  environ¬ 
ment  in  Arizona,  and  Roth  et  al.  (2005)  described 
winter  survival  for  both  immature  and  adult 
Cooper’s  Hawks  in  rural  and  urban  settings  in 
Indiana  and  Illinois.  Only  one  study  in  an  urban 
setting  in  Arizona  has  reported  survival  rates  of 
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breeding  adult  Cooper’s  Hawks  (Mannan  et  al. 
2008). 

Urban  environments  are  relatively  new  habitats 
for  Cooper’s  Hawks  and  other  breeding  raptors, 
and  these  populations  are  poorly  studied  (Love 
and  Bird  2000,  Stout  et  al.  2007,  Rutz  2008). 
Raptors  in  urban  landscapes  may  have  increased 
mortality  rates  because  of  collisions  with  anthro¬ 
pogenic.  obstacles  (e.g.,  Sweeney  et  al.  1997)  or 
diseases  (Mannan  et  al.  2008).  There  are  no 
reports  of  relative  survivorship  of  breeding 
Cooper’s  Hawks  in  urban  versus  rural  habitats. 

We  conducted  cross-generational,  mark-recap¬ 
ture  studies  of  nesting  Cooper’s  Hawks  in  both 
urban  and  rural  settings  in  Wisconsin  starting  in 
1980  and  have  shown  that  age  of  adult  males 
appears  to  be  unrelated  to  brood  size  (Rosenfield 
and  Bielefeldt  1997).  Other  aspects  of  reproduc¬ 
tion,  including  brood  size,  are  correlated  with 
body  mass  of  males  and  females  (Rosenfield  and 
Bielefeldt  1999).  Adult  males  on  our  Wisconsin 
study  areas  have  lifetime  nesting  area  fidelity 
(Rosenfield  and  Bielefeldt  1996),  and  new  males 
in  nesting  areas  indicate  deaths  of  previous 
occupants,  in  turn  allowing  for  estimates  of 
replacement  male  survivorship  (Jenkins  and  Jack- 
man  2006). 

We  used  a  26-year  data  set  to:  (1)  report  annual 
survival  rates  of  breeding  male  Cooper’s  Hawks, 
(2)  examine  the  possibility  of  temporal  variation 
in  annual  male  survival,  (3)  investigate  the 
possibility  of  differences  in  male  survival  between 
rural  and  urban  breeding  habitats,  (4)  explore  the 
possibility  that  male  survival  is  related  to  body 
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mass  or  size,  and  (5)  report  lifetime  reproduction 
of  adult  male  Cooper’s  Hawks. 

METHODS 

Study  Areas. — We  studied  breeding  Cooper’s 
Hawks  during  1980-2005  at  two  principal  areas  in 
central  and  southeastern  Wisconsin  as  described 
by  Murphy  et  al.  (1988),  Rosenfield  et  al.  (1995), 
and  Rosenfield  and  Bielefeldt  (1996).  Our  central 
Wisconsin  area  included  the  abutting  municipal¬ 
ities  of  Stevens  Point,  Whiting,  and  Plover  with  a 
predominately  urban  human  population  of 
—38,000,  and  a  human  density  of  —600/km2 
(U.S.  Department  of  Commerce  2000).  Our 
southeastern  Wisconsin  area  involved  rural  envi¬ 
rons  of  the  Kettle  Moraine  State  Forest,  South 
Unit.  These  study  sites  were  chosen  without 
preconceptions  about  their  suitability  for  nesting 
Cooper’s  Hawks  (Bielefeldt  et  al.  1998). 

A  nesting  area  was  defined  as  an  area  800  m  in 
diameter  that  was  occupied  by  a  breeding  adult 
male  in  one  or  more  years;  a  nesting  area  was 
considered  reoccupied  when  we  found  a  new  nest 
in  a  subsequent  year  within  400  m  of  the  original 
nest  in  the  area  (Rosenfield  and  Bielefeldt  1996). 
Most  occupied  nesting  areas  (>  90%)  were  found 
before  egg-laying  by  listening  for  dawn  vocaliza¬ 
tions  (Rosenfield  and  Bielefeldt  1991,  Rosenfield 
et  al.  1996)  or  by  searching  for  partially 
constructed  nests  during  the  pre-incubation  stage, 
—mid-March  through  late  April  in  Wisconsin 
(Bielefeldt  et  al.  1998). 

Field  Procedures. — Breeding  adult  male  Coo¬ 
per’s  Hawks  were  trapped  and  re-captured  (or 
remotely  identified  via  color  marks)  in  later  years 
near  their  nests  during  pre-incubation  or  incuba¬ 
tion  stages,  but  mostly  during  the  nestling  period 
using  a  variety  of  techniques  (Rosenfield  and 
Bielefeldt  1993,  1999;  Rosenfield  et  al.  2007a). 
We  classified  age  of  adult  male  Cooper’s  Hawks 
at  initial  capture  following  Rosenfield  and 
Bielefeldt  (1997);  birds  were  banded  with  USGS 
lock-on  aluminum  leg  bands  as  well  as  colored, 
alpha-numerically  coded  leg  bands  (Rosenfield 
and  Bielefeldt  1996).  Initial  captures  of  unbanded 
breeding  males  usually  involved  ASY.  (after 
second  year)  •  birds  >2  years  of  age;  breeding 
SY  (second  year)  males  were  rare  on  our  study 
areas  (Rosenfield  et  al.  2007b).  We  measured 
body  mass  of  adult  males  to  the  nearest  1  g  with  a 
balance-beam  scale.  Age-related  inter-year  varia¬ 
tion  in  body  mass  at  the  nestling  stage  was 
negligible  for  individually  marked  birds,  and  body 


mass  was  a  reliable  index  to  size  (Rosenfield  and 
Bielefeldt  1999).  We  use  body  mass  at  initial 
capture  of  an  individual  male  during  the  nestling 
stage  as  an  index  to  size,  but  not  body  mass 
obtained  from  captures  during  pre-incubation  or 
incubation  stages  because  those  masses  are 
significantly  greater  than  those  at  nestling  stage 
in  breeding  males  (Rosenfield  and  Bielefeldt 
1999). 

Analyses. — We  compared  body  mass  of  re¬ 
captured  or  re-identified  adults  in  relative-age 
categories  of  maximum  age  attained  when 
examining  male  survival  in  relation  to  size:  A3Y 
(after  third  year  individual  at  least  3  years  of  age), 
A4Y,  A5Y,  and  to  obtain  adequate  sample  sizes 
per  category,  A6Y-A7Y,  and  A8Y-A10Y.  The 
maximum  age  of  S:  10  years  was  attained  by  only 
one  male  on  our  study  areas  (RNR,  unpubl.  data). 
Birds  of  known  age  were  included  in  appropriate 
categories  (e.g.,  3-year-old  birds  were  placed  in 
the  A3Y  category).  Known-age  birds  ( n  =  17) 
comprised  16%  of  104  individual  birds  used  in 
this  analysis  and  occurred  among  all  age  catego¬ 
ries. 

We  made  at  least  two  visits  to  nests  to  assess 
reproduction  of  individual  adult  males  and/or  the 
presence  of  <  1 -week-old  hatchlings  (or  to 
document  nest  failure).  We  later  climbed  to  nests 
when  nestlings  were  about  18  days  of  age,  or  70% 
of  fledging  age  (—25  days)  to  derive  brood  size 
and  band  young.  This  schedule  avoided  the  80% 
of  fledging  age  metric  suggested  for  other  raptor 
species  by  Steenhof  and  Newton  (2007),  which 
could  result  in  premature  fledging  of  some 
nestlings  and/or  inaccurate  counts  of  young 
(Rosenfield  et  al.  2007a).  Brood  size  averaged 
—3.6  young  on  our  study  areas  (Rosenfield  and 
Bielefeldt  1997,  Rosenfield  et  al.  2007b). 

Lifetime  reproduction  for  purposes  of  this  study 
is  the  total  number  of  nestlings  that  survive  to 
>18  days  of  age  during  the  total  number  of  years 
in  which  a  male  was  known  to  be  breeding,  until 
that  male  was  not  found  in  its  nesting  area  and 
was  assumed  to  be  dead.  Breeding  male  Cooper’s 
Hawks  in  Wisconsin  exhibit  lifetime  nesting  area 
fidelity  (Rosenfield  and  Bielefeldt  1996),  and  we 
assumed  that:  (1)  adult  males  that  disappeared 
from  a  nesting  area  were  dead,  (2)  a  male  was  a 
first-time  breeder  when  initially  found  in  a  nesting 
area  that  had  been  re-surveyed  each  year  follow¬ 
ing  disappearance  of  a  previous  occupant,  and  (3) 
an  adult  male  in  a  given  nesting  area  was  the 
father  of  the  young  produced  on  that  nesting  area. 
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TABLE  1.  Number  of  new  males  per  nesting  area,  and  annual  mortality  and  survival  estimates  for  breeding  male 
Cooper’s  Hawks  in  Wisconsin,  1980-2005. 


Number  of  years  surveyed 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

Totals 

Mortality 

Survival 

Number  of  nesting  areas 

10 

19 

6 

n 

10 

2 

4 

5 

5 

7 

2 

3 

3 

87 

Number  of  new  males 

2 

7 

5 

7 

12 

3 

7 

12 

11 

12 

8 

9 

10 

105 

Number  of  nesting  years 

20 

57 

24 

55 

60 

14 

32 

45 

50 

77 

24 

42 

45 

545 

19.3% 

80.7% 

Our  estimates  of  lifetime  reproduction  involve  a 
subsample  of  males  ( n  =  66)  whose  nests  were 
found  in  all  successive  years  of  their  known  or 
presumed  lives  and  from  which  all  young 
produced  were  counted  in  each  year. 

We  followed  Jenkins  and  Jackman  (2006)  and 
calculated  percent  adult  annual  mortality  by 
dividing  the  total  number  of  new  adult  males  by 
the  total  number  of  years  in  which  all  marked 
adult  males  bred  in  their  nesting  areas.  An  annual 
survival  estimate  for  adult  males  was  the  remain¬ 
der  of  100  minus  percent  mortality.  We  examined 
the  possibility  of  temporal  variation  in  annual 
male  survival  by  dividing  the  26-year  data  set  into 
those  nesting  areas  providing  data  exclusively 
from  1980  to  1992  ( n  =  31),  and  those  yielding 
data  only  during  1993-2005  ( n  =  32);  these 
temporally  exclusive  sample  sizes  represent  72% 
of  the  total  87  nesting  areas  in  this  investigation. 
We  classified  urban  nesting  areas  as  those 
occurring  within  the  municipal  limits  of  Stevens 
Point,  Whiting,  and  Plover;  all  other  nesting  areas 
were  in  rural  forested  tracts  >16  ha,  usually  with 
£3  houses  within  0.4  km  of  a  nest. 

Non-parametric  statistical  procedures  were 
used  where  appropriate  (e.g.,  small  samples  sizes 
and  proportions),  and  all  statistical  procedures  and 


tests  follow  Zar  (1999).  We  calculated  probability 
values  using  StatXact  Turbo  (Mehta  and.  Patel 
1992).  Significance  was  accepted  at  P  <  0.05. 

RESULTS 

We  captured  and  individually  marked.  192 
breeding  male  Cooper’s  Hawks  in  87  separate 
nesting  areas  during  1980-2005  on  two  principal 
study  areas  (one  urban,  one  rural)  in  Wisconsin. 
Estimated  annual  mortality  rates  of  breeding  adult 
males  at  combined  urban  and  rural  sites  was 
19.3%  (Table  1)  for  105  males  re-captured  or 
otherwise  re-identified  in  subsequent  breeding 
seasons  on  the  same  nesting  areas  ( n  =  545  nest- 
years). 

Mortality  estimates  did  not  differ  (P  >  0.05) 
between  1980-1992  (19.2%)  and  1993-2005 
(14.0%)  (Table  2),  nor  between  urban  (16.5%) 
and  rural  (20.6%)  habitats  (Table  3).  There  were  no 
differences  (P  >  0.05,  Fishers  Exact  Test)  in  annual 
male  mortality  rates  at  urban  nesting  areas  in  1980- 
1992  (3  jnales/22  nest-years  =  13.6%)  versus 
1993-2005  (17/1 17  =  14.5%,  P  =  1.0),  or  at  rural 
nesting  areas  during  earlier  (28/141  =  19.9%) 
versus  later  years  (7/57  =  12.3%,  P  =  0.30). 

There  was  a  lack  of  statistically  significant 
variation  in  mortality  estimates  among  habitats 


TABLE  2.  Number  of  new  males  per  nesting  area,  and  annual  mortality  and  survival  estimates  for  breeding  male 
Cooper’s  Hawks  in  Wisconsin  during  1980-1992  vs.  1993-2005. 


Number  of  years  surveyed 


Time  period 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Totals 

Mortality" 

Survival 

1980-1992 

Number  of  nesting  areas 

4 

9 

3 

3 

5 

2 

2 

1  ■ 

2 

31 

Number  of  new  males 

0 

5 

3 

2 

5  ' 

3 

6 

2 

4 

30 

Number  of  nesting  years 

8 

27 

12 

15 

30 

14 

18 

10 

22 

156 

19.2% 

80.8% 

1993-2005 

Number  of  nesting  areas 

6 

8 

2 

5 

2 

2 

1 

2 

3 

l 

32 

Number  of  new  males 

2 

1 

1 

4 

1 

4 

0 

3 

4 

4 

24 

Number  of  nesting  years 

12 

24 

8 

25 

12 

16 

9 

20 

33 

12 

171 

14.0% 

86.0% 

There  was  no  significant  difference  in  annual  mortality  estimates  between  the  two  time  periods  (X2  =  1.14,  df  =  1 ,  P  =  0.31). 
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TABLE  3.  Number  of  new  males  per  nesting  area,  and  annual  mortality  and  survival  estimates  for  breeding  male 
Cooper’s  Hawks  in  rural  and  urban  habitats  in  Wisconsin,  1980-2005. 


Number  of  years  surveyed 


Habitat 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

Totals 

Mortality3  Survival 

Rural 

Number  of  nesting  areas 

9 

13 

4 

7 

9 

2 

2 

3 

4 

5 

l 

2 

i 

62 

Number  of  new  males 

2 

6 

4 

4 

12 

3 

3 

9 

10 

9 

4 

5 

5 

76 

Number  of  nesting  years 

18 

39 

16 

35 

54 

14 

16 

27 

40 

55 

12 

28 

15 

369 

20.6%  79.4% 

Urban 

Number  of  nesting  areas 

1 

6 

2 

4 

1 

2 

2 

1 

2 

1 

1 

2 

25 

Number  of  new  males 

0 

1 

1 

3 

0 

4 

3 

1 

3 

4 

4 

5 

29 

Number  of  nesting  years 

2 

18 

8 

20 

6 

16 

18 

10 

22 

12 

14 

30 

176 

16.5%  83.5% 

There  was  no  significant  difference  in  annual  mortality  estimates  between  the  two  habitats  (X2  =  0.89,  df  =  1,  P  =  0.36). 


and  years.  Thus,  we  used  the  overall  mortality 
estimate  of  19.3%  (Table  1)  to  calculate,  by 
subtraction,  an  annual  survival  rate  of  80.7%  for 
breeding  adult  male  Cooper’s  Hawks  on  our  two 
Wisconsin  study  areas  during  1980-2005. 

Median  mass  of  breeding  males  captured  at  the 
nestling  stage  ( n  =  104)  was  similar  and  did  not 
vary  significantly  among  five  categories  of 
relative  maximum  age,  A3Y  to  A10Y  (Table  4). 
Relative  longevity  and  its  effects  on  lifetime 
reproduction  were  unrelated  to  body  mass  of 
younger,  mid-age,  or  older  males. 

Lifetime  reproduction  among  66  individual 
males  with  complete  annual  nesting  histories 
ranged  from  zero  to  32  nestlings  (mean  =  8.5, 
median  =  7.0)  at  age  of  banding  (Fig.  1).  A  few 
males  ( n  =  15,  23%)  with  lifetime  production  of 
>14  nestlings  produced  most  (53%)  of  562  total 
nestlings;  males  at  or  above  the  median 
produced  83%  of  all  nestlings.  Lifetime  repro¬ 
duction  of  individual  breeding  males  was 
strongly  and  positively  correlated  with  longevity 

(Fig.  2). 


DISCUSSION 

There,  are  few  published  data  on  annual  survival 
and  no  reports  of  lifetime  reproduction  in 
breeding  male  Cooper’s  Hawks.  Breeding  male 
(n  =  105)  Cooper’s  Hawks  had  an  annual  survival 
rate  of  81%  in  Wisconsin  in  1980-2005  across 
relative  ages  A2Y  to  A10Y;  an  estimate  allowed 
by  lifetime  nesting  area  fidelity  among  males  on 
our  study  areas.  Survival  did  not  vary  significantly 
in  the  earlier  (13)  versus  latter  (13)  years,  nor 
between  urban  versus  rural  habitats.  Body  mass 
appeared  unrelated  to  annual  survivorship  and 
lifetime  reproduction,  although  lifetime  reproduc¬ 
tion  was  strongly  correlated  with  longevity  of 
breeding  male  Cooper’s  Hawks. 

Our  empirical  technique  to  estimate  survivor¬ 
ship  depends  directly  and  critically  on  the 
probability  that  detecting  marked  males  is  1.0, 
and  on  our  assumption  that  adult  males  exhibit 
lifetime  nesting  area  fidelity.  This  assumption  and 
the  conclusion  that  a  male  that  disappears  from  a 
nesting  area  is  dead,  are  founded  on  a  16-year  data 
set  in  which  several  potential  ways  to  detect 


TABLE  4.  Body  mass  (g)  of  breeding  male  Cooper’s  Hawks  of  maximum  relative-age  attained  per  individual  ( n  = 
104)  in  Wisconsin,  1980-2005. 


Age3bc 

n 

.  Mean  ±  SE 

Range 

Median 

A3Y 

42 

334  ±  2.63 

301-390 

332 

A4Y 

26. 

331  ±  3.44 

291-360 

333 

A5Y 

13 

342  ±  6.23 

322-397 

336 

A6Y-A7Y 

16 

342  ±  6.37 

308-387 

335 

A8Y-A10Y 

7 

'329  ±4.09 

315-349 

327 

a  Relative  ages  are  A3Y  (after  third  year)  A4Y,  A5Y,  etc. 

b  Birds  of  known  maximum  age  ( n  =  17)  were  placed  into  categories:  A3Y  ( n  =  6,  mean  =  334),  A4Y  ( n  =  2,  mean  =  331),  A5Y  (n  =  3,  mean  —  370),  A6Y  ( n 
—  2,  mean  =  337),  A7Y  ( n  =  2,  mean  =  34(5)  into  A6Y-A7Y,  A8Y  (n  =  1,  315),  and  A9Y  (n  =  1,  mean  =  327). 
c  There  was  no  significant  difference  in  body  mass  among  age  categories  (Kruskall-Wallis  =  2.97,  df  =  4,  P  =  0.56). 
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Young  produced  In  lifetime  ( n  ■  562) 


FIG.  1.  Total  young  produced  in  the  lifetime  of  individual  male  Cooper’s  Hawks  nesting  in  Wisconsin,  1980-2005. 


breeding  dispersal  in  males  failed  to  do  so 
(Rosenfield  and  Bielefeldt  1996).  In  addition, 
eight  new  males  appeared  in  nesting  areas  the  year 
following  known  deaths  of  the  former  occupants 
and  three  nesting  areas  were  unoccupied  in  the 
year  following  documented  deaths  of  the  sites’ 
previous  resident  males  (RNR,  unpubl.  data). 

We  began  searches  of  prior  nesting  areas  in 
each  year  during  the  pre-incubation  stage.  If 


presence  and  identification  of  breeding  adults 
were  not  verified  during  the  pre-incubation 
period,  we  again  searched  nesting  areas  through¬ 
out  the  breeding  season  to  assure  that  we  had  not 
missed  occupancy  by  nesting  adults  and/or  to 
identify  individual  birds  (Rosenfield  and  Biele¬ 
feldt  1993,  Bielefeldt  et  al.  1998).  No  colleague  or 
other  observer  ever  reported  to  us  the  presence  or 
possible  presence  of  a  nest  that  we  had  missed  on 


Years  in  nesting  area 


FIG.  2.  Relationship  between  lifetime  reproduction  and  years  of  occupancy  of  nesting  areas  by  individual  male 
Cooper's  Hawks  in  Wisconsin,  1980-2005. 
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an  area  we  had  already  searched.  Our  search  of 
nesting  areas  was  rigorous,  and  we  believe 
detection  of  marked  males  was  at  or  near  1.0. 

Our  estimate  of  annual  survival  of  81%  for 
breeding  male  Cooper’s  Hawks  in  combined  study 
areas  and  years  is  similar  to  the  80%  value  for 
adult  male  Cooper’s  Hawks  for  an  urban  popula¬ 
tion  in  Arizona,  where  breeding  birds  occupy  high 
quality  habitat  in  high  nesting  densities  and  with 
high  reproductive  rates  (Mannan  et  al.  2008).  Our 
estimate  of  annual  survival  for  Cooper’s  Hawks  is 
also  similar  to  those  reported  for  congeners:  —80- 
84%  for  adult  (male  and  female)  Northern 
Goshawks  (A.  gentilis)  in  Europe  (Kenward  et 
al.  1999,  Tornberg  and  Colpaert  2001)  and  North 
America  (Squires  and  Reynolds  1997),  and  —70% 
for  male  and  female  Eurasian  Sparrowhawk  (A. 
nisus)  (Newton  1986). 

Roth  et  al.  (2005)  suggested  there  could  be 
differences  in  causes  of  mortality  and  survivor¬ 
ship  for  Coopers’  Hawks  in  rural  versus  urban 
habitats.  The  non-significant  differences  in  survi¬ 
vorship  rates  of  males  breeding  in  rural  (79%) 
versus  urban  (84%)  habitats  in  our  Wisconsin 
study  areas  do  not  support  this  suggestion.  Causes 
of  mortality  of  breeding  males  in  these  two 
habitats  in  Wisconsin  were  usually  unknown. 

Only  23%  of  breeding  male  Cooper’s  Hawks 
produced  most  (53%)  nestlings  among  a  pool  of 
66  males  (Fig.  1).  Newton  (1986)  reported 
lifetime  reproduction  and  longevity  for  females 
rather  than  males  in  the  congeneric  Eurasian 
Sparrowhawk,  and  also  found  a  minority  of 
individuals  produced  a  majority  of  nestlings  over 
their  lifetimes.  Disproportionate  reproduction  by  a 
minority  of  breeding  adults  has  also  been  reported 
for  other  raptorial  and  non-raptorial  birds  (e.g., 
Newton  1989,  Jenkins  and  Jackman  2006). 

We  previously  reported  a  significant  positive 
relationship  between  an  individual  male’s  body 
mass  and  his  brood  size  for  Cooper’s  Hawks 
within  a  given  year  (Rosenfield  and  Bielefeldt 
1999).  Body  mass  may  contribute,  in  part,  to  a 
male’s  lifetime  reproduction,  but  there  appears  to 
be  no  relationship  between  mass  and  longevity  in 
contrast  to  findings  for  the  congeneric  Eurasian 
Sparrowhawk  in  which  body  size,  as  indexed  by 
wing  chord,  was  related  to  longevity  (Newton 
1986).  However,  longevity  was  strongly  correlat¬ 
ed  with  lifetime  production  in  male  Cooper’s 
Hawks  in  Wisconsin,  as  with  several  other  raptor 
species  (e.g.,  Newton  1986,  Gehlbach  1989, 
Postupalsky  1989,  Marti  1997).  The  findings  of 


our  earlier  investigations,  coupled  with  results 
reported  in  this  paper,  suggest  there  is  no 
difference  in  production  among  categories  of 
males  of  maximum  relative  age  (Table  4)  based 
solely  on  body  mass.  We  conclude  that  body  mass 
is  subordinate  to  longevity  as  a  factor  in  lifetime 
reproduction  in  male  Cooper’s  Hawks  on  our 
Wisconsin  study  areas. 

Cooper’s  Hawks  are  breeding  birds  throughout 
the  northern  conifer-deciduous  and  southern 
prairie-forest  floristic  provinces  of  Wisconsin 
(Trexel  et  al.  1999,  Rosenfield  and  Bielefeldt 
2006).  Our  study  areas  exhibit  some  of  the  highest 
reported  reproductive  indices  and  nesting  densi¬ 
ties  for  the  species  (Rosenfield  et  al.  1995, 
Bielefeldt  et  al.  1998)  and  the  state’s  breeding 
population  appears  to  be  at  least  stable  and 
perhaps,  increasing  (Rosenfield  and  Bielefeldt 
2006,  Stout  et  al.  2007).  We  have  previously 
shown  that  reproductive  success  in  breeding 
Cooper’s  Hawks  in  Wisconsin  did  not  differ 
among  nesting  areas  in  urban  versus  rural  habitats 
or  coniferous  versus  deciduous  woodlands  (Ro¬ 
senfield  et  al.  1995,  1996,  2000).  We  have 
demonstrated  that  male  survival  seems  to  be 
unrelated  to  the  use  of  urban  and  rural  habitats  as 
nesting  areas.  Habitat  used  for  nesting  in  Wis¬ 
consin  may  be  less  important  for  survival  and 
lifetime  reproduction  than  acquisition  of  a  nesting 
area,  and  associated  foraging  area  in  which  a  male 
Cooper’s  Hawk  will  breed  throughout  his  life. 
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Nomenclatural  History  and  a  New  Name  for  the  Blue-winged  Warbler 

(Aves:  Parulidae) 

Storrs  L.  Olson1'3  and  James  L.  Reveal2 


ABSTRACT. — Linnaeus  (1766)  proposed  Certhia 
pinus  based  on  two  different  entities,  the  Blue-winged 
Warbler  ( Vermivora  pinus)  and  the  Pine  Warbler 
(Dendroica  pinus).  The  confusion  was  noted  by  Wilson 
(1808-1814)  who  restricted  Latham’s  (1790)  Sylvia 
pinus ,  based  on  C.  pinus,  to  the  Pine  Warbler  (in  1811) 
and  proposed,  as  a  new  species  (in  1810),  S.  solitaria, 
for  the  Blue-winged  Warbler.  Wilson’s  effective 
lectotypification,  long  ignored,  following  which  Bona¬ 
parte  (1824)  unequivocally  restricted  C.  pinus  to  the 
Pine  Warbler,  has  resulted  in  misapplication  of  C.  pinus. 
The  correct  name  of  the  Pine  Warbler  should  be 
Dendroica  pinus  (Linnaeus)  and  not  D.  pinus  (Wilson) 
as  in  modern  lists.  Wilson’s  Sylvia  solitaria  is 
unfortunately  preoccupied  by  Sylvia  solitaria  Lewin 
1808  (=  Origma  solitaria,  the  Rockwarbler  of  Aus¬ 
tralia).  A  new  scientific  name  is  provided  here  for  the 
Blue-winged  Warbler  because  no  other  is  available. 
Received  6  January  2009.  Accepted  10  March  2009. 


This  convoluted  tale  begins  in  the  pre-Linnean 
times  of  Mark  Catesby  (1731:  plate  61  and  its 
text),  who  described  and  illustrated  what  he  called 
“The  Pine  Creeper,”  with  the  descriptive  Latin 
phrase  Parus  americanus  lutescens.  His  illustra¬ 
tion,  probably  drawn  from  birds  obtained  near 
Charleston,  South  Carolina,  has  been  deprecated 
as  poor  but  in  combination  with  habits  and  habitat 
is  quite  sufficient  to  establish  that  his  bird  is  what 
is  now  known  as  the  Pine  Warbler  ( Dendroica 
pinus).  George  Edwards  (1760:  plate  277)  re¬ 
ceived  a  specimen  brought  to  London  from 
Philadelphia  by  William  Bartram.  Edwards 
(1760:219)  illustrated  the  specimen  and  assigned 
the  phrase  name,  Certhia  pinus  to  the  species;  he 
also  referred  to  Catesby  using  the  common  name 
“The  Pine-Creeper.”  Linnaeus  (1766:187)  pro¬ 
posed  the  binomial  C.  pinus  based  on  these  two 
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earlier  illustrations  plus  a  description  given  by 
Brisson  (1760:576)  taken  from  Catesby. 

Unfortunately,  Linnaeus  failed  to  take  into 
account  Edwards’s  footnote  (1760:141)  that  “On 
a  stricter  examination  I  think  it  [the  bird  he 
received  from  Bartram]  a  species  different  from 
Catesby’s.”  The  problem  arises  from  Edwards’s 
illustration  being  clearly  identifiable  as  the 
species  now  known  as  the  Blue-winged  Warbler 
{Vermivora  pinus).  Thus,  the  Linnaean  name 
Certhia  pinus  is  a  composite  of  two  species  and 
its  modern  application  must  depend  upon  a 
subsequent  reviser  to  decide  to  which  of  the  two 
species  the  name  pinus  should  apply,  in  effect,  to 
designate  a  lectotype. 

LECTOTYPIFICATION  OF  CERTHIA  PINUS 

Latham  (1790:537),  followed  by  Vieillot  (1807, 
Volume  2:44),  applied  the  name  Sylvia  pinus  to 
both  the  Pine  Warbler  and  the  Blue-winged 
Warbler,  as  he  unequivocally  based  his  name  on 
Linnaeus’s  Certhia  pinus.  Alexander  Wilson 
(1810-181 1)  was  aware  of,  and  admirably  sorted 
out,  the  confusion  between  the  two  species.  The 
name  pinus  being  inappropriate  for  the  Blue¬ 
winged  Warbler,  he  applied  the  name  Sylvia  pinus 
to  what  he  called  the  “Pine-creeping  Warbler” 
(Wilson  1811:25).  There  was  no  name  available 
for  the  “Blue-winged  Yellow  Warbler”  when 
pinus  was  used  for  the  Pine  Warbler.  Wilson 
(1810:109),  in  the  previous  year,  had  described 
that  bird  as  a  new  species  giving  it  the  name 
Sylvia  solitaria,  saying  that  it  ‘  ‘has  been  mistaken 
for  the  Pine  Creeper  of  Catesby.  It  is  a  very 
different  species.” 

Wilson  illustrated  the  two  species  anew  in 
resolving  their  classification  and  cited  specimens 
in  the  Peale  Museum  (#s  7307  and  7312,  neither 
now  extant).  His  figures  (plate  15,  figure  4  for 
Sylvia  solitaria  and  plate  19,  figure  4  for  S.  pinus) 
are  clearly  identifiable  as  the  species  npw  known 
as  the  Blue-winged  and  Pine  warblers.  Wilson 
also  cited  a  Bartram  (1791:292)  phrase  name 
{Parus  aureus  alls  ceruleis)  and  that  is  the  basis  of 
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Wilson’s  common  name  “Blue- winged  Yellow 
Warbler”. 

Bonaparte  (1824:189-190)  accepted  Wilson’s 
Sylvia  solitaria  as  a  good  species,  and  confirmed 
that  it  “is  not  that  of  Catesby.”  Bonaparte 
(1824:194)  wrote  under  S.  pinus,  that  “Wilson 
is  very  accurate  in  noting  the  numerous  errors  of 
his  predecessors  relative  to  this  species,  and 
judicious  in  correcting  them.”  Bonaparte  then 
unequivocally  cited  Linnaeus’s  Certhia  pinus  in 
synonymy,  noting  that  while  the  Catesby  figure 
“though  very  bad,”  it  was  indeed  S.  pinus  while 
the  Edwards  illustration  was  S.  solitaria. 

Whereas  it  might  be  argued  that  Wilson’s 
actions,  describing  Sylvia  solitaria  and  accept¬ 
ing  Latham’s  Sylvia  pinus,  without  a  direct 
reference  to  Linnaeus,  were  not  sufficient  for  an 
effective  lectotypification  of  Certhia  pinus  on  the 
Catesby  illustration,  there  is  no  question  that 
Bonaparte  lectotypified  C.  pinus  on  Catesby 
(1731:  plate  61). 

THE  SOURCES  OF  CONFUSION 

For  nearly  half  a  century,  authors,  including 
Audubon  (1834:102),  followed  Wilson  in  adopt¬ 
ing  Sylvia  pinus  for  the  Pine  Warbler  and  S. 
solitaria  for  the  Blue-winged  Warbler.  In  fact,  S. 
solitaria  Wilson  was  designated  as  the  type  of 
Vermivora  when  Swainson  (1827)  established  that 
genus,  and  as  long  as  the  Blue-winged  Warbler  is 
not  subsumed  into  a  genus  with  an  older  name  it 
will  remain  in  the  genus  Vermivora.  Baird 
(1858:254,  277),  in  the  combination  Helmintho- 
phaga  pinus,  was  the  first  to  use  pinus  exclusively 
for  the  Blue-winged  Warbler,  stating  (page  254) 
that  ‘  ‘this  species  is  unquestionably  Certhia  pinus 
of  Linnaeus.”  The  Pine  Warbler  he  referred  to 
(page  277)  as  Dendroica  pinus,  giving  Wilson  as 
the  author  and  regarding  Wilson’s  name  as  being 
different  from  that  of  Linnaeus  or  Latham, 
implying  that  Wilson  had  described  the  species 
anew. 

Stejneger  (1885:343)  noted  that  Wilson  had 
“demonstrated  that  the  birds  figured  by  Edwards 
and  by  Catesby  are  different  species.  Well  aware 
of  the  term  Sylvia  pinus,  he  did  not  intend  it  as  a 
new  name,  but  he  simply  restricted' it  to  Catesby’ s 
bird.  In  this  he  was  wrong  ...”  This  conclusion  of 
erroneous  procedure  on  Wilson’s  part  evidently 
stemmed  from  Stejneger’ s  concern  that  Lin¬ 
naeus’s  description  was  based  primarily  on 
Edwards’s  (1760)  plate  but  ignores  the  fact  that 
both  Linnaeus’s  name  and  that  of  Latham  were 


composites.  Stejneger  considered  that  “it  is 
evident  that  Sylvia  pinus  Wilson  1811,  nec 
Latham  1790,  cannot  stand  under  any  circum¬ 
stance”  and  he  chose  to  adopt  Audubon’s 
(1834:153)  name  Syvia  vigorsii,  now  considered 
a  synonym  of  the  Pine  Warbler. 

Stone  (1921:280),  directly  contrary  to  Stejne¬ 
ger,  argued  that  because  Wilson  nowhere  “men¬ 
tions  Certhia  pinus  Linn,  nor  Sylvia  pinus  Lath.” 
that  he  was  naming  Catesby’ s  figure  anew  and 
that  the  Pine  Warber  should  be  “known  as 
Dendroica  pinus  (Wils.).”  Since  then  and  up  to 
the  present,  the  A.O.U.  Check-list  (AOU  1931, 
1998)  has  carried  the  Pine  Warbler  as  Dendroica 
pinus  (Wilson). 

If  Wilson  actually  had  intended  to  name  a  new 
species,  as  Stejneger  explicitly  stated  that  he  did 
not,  then  Sylvia  pinus  Wilson  simply  becomes  an 
unavailable  junior  homonym  of  Sylvia  pinus 
Latham,  in  which  case  it  would  have  to  be 
replaced,  presumably  with  Audubon’s  S.  vigorsii. 
There  is  no  possible  way  to  accommodate  the 
rules  of  nomenclature  and  have  both  the  Blue¬ 
winged  and  Pine  warblers  take  the  specific  name 
pinus. 

Wilson  (1808-1814)  did  not  give  the  authors 
of  the  binomials  that  he  used,  even  when 
these  were  new  names  of  his  own  invention, 
but  he  was  most  assuredly  aware  of  Latham’s 
works.  On  29  April  1807  he  wrote  to  William 
Bartram  to  express  his  dissatisfaction  with  some 
specific  epithets  adopted  by  Latham  and  inquired 
whether  he  “should  hazard  a  new  nomenclature, 
or,  by  copying  [the  names  of  others],  sanction 
what  I  do  not  approve  of”  (Hunter  1983:272). 
Soon  thereafter  he  stated  that  he  was  following  the 
generic  “arrangements  of  Latham”  at  least  for 
“the  water  birds”  (Wilson  1808,  Volume  1:  lix). 
Ord  (1828,  Volume  1:  iv)  stated  that  the 
“classification  of  Latham  having  been  adopted 
by  Wilson,  has  been  followed  by  the  editor 
[Ord]”  after  having  established  that  Wilson’s 
only  access  to  Latham’s  volumes  was  at  the 
Philadelphia  Library,  as  Wilson  did  not  own  the 
work  himself  (page  clxxviii).  Wilson  makes  it 
clear  in  his  account  of  the  Blue-winged  Warbler 
that  the  species  had  been  mistaken  for  Catesby’ s 
Pine  Creeper  and  that  it  had  been  illustrated  as 
such  by  Edwards.  There  is  no  reason  whatever  to 
consider  that  Wilson  did  anything  other  than  to 
use  Latham’s  name  Sylvia  pinus  in  a  restricted 
sense  to  apply  solely  to  the  Pine  Warbler,  thereby 
becoming  first  reviser. 
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A  NEW  NAME  FOR  THE  BLUE¬ 
WINGED  WARBLER 

Certhia  pinus  Linnaeus  1766,  the  basis  for 
Sylvia  pinus  Latham  (1790),  was  a  composite  of 
the  Pine  Warbler  and  Blue-winged  Warbler.  We 
interpret  Wilson  (1810-1811)  to  have  acted  as 
first  reviser  in  restricting  the  name  pinus  to  the 
Pine  Warbler  while  describing  the  Blue-winged 
Warbler  anew  as  Sylvia  solitaria.  Bonaparte 
(1824)  even  more  explicitly  restricted  C.  pinus 
to  the  Pine  Warbler.  Sylvia  solitaria  Wilson 
should  have  stood  until  now  as  the  correct  specific 
epithet  for  the  Blue-winged  Warbler  but  for  one 
more  problem.  Sylvia  solitaria  Wilson  1810  is  a 
junior  homonym  of  Sylvia  solitaria  Lewin  1 808, 
currently  in  use  for  the  Rockwarbler  ( Ori'gma 
solitaria).  Because  there  is  no  other  name 
available  for  the  Blue-winged  Warbler  we  pro¬ 
pose  the  following: 

Vermivora  cyanoptera  Olson  &  Reveal, 

nomen  novum, 

pro  Sylvia  solitaria  Wilson  (1810:109)  nec  Sylvia 
solitaria  Lewin  (1808:20). 

The  name  is  derived  from  Greek  kyanos,  blue, 
and  pteron,  wing,  so  that  now  the  English  and 
scientific  names  of  both  the  Blue-winged  Warbler 
and  Pine  Warbler  are  equivalent. 
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Additional  Data  on  the  Occurrence  of  the  Plantaris  Muscle  in  the 
Hawaiian  Finches  (Carduelinae:  Drepanidini) 

Storrs  L.  Olson1 


ABSTRACT. — New  data  are  presented  on  the 
phylogenetically  informative  plantaris  muscle  in  the 
Drepanidini.  The  primitive  condition  (presence)  corrob¬ 
orates  the  basal  placement  of  the  creepers  of  the  genera 
Oreomystis  and  Paroreomyza.  The  derived  condition  of 
the  plantaris  (absence)  was  found  in  the  Hawaii  Creeper 
( Loxops  mana),  previously  considered  by  some  to  be 
congeneric  with  Oreomystis ,  and  agrees  with  other 
evidence  placing  that  species  in  Loxops.  The  Hawaii 
Akepa  (L.  coccineus),  Anianiau  (L.  parvus),  and  Kauai 
Amakihi  ( L .  stejnegeri)  also  lack  the  plantaris.  This 
condition  still  appears  to  define  a  monophyletic  group 
within  the  Drepanidini.  Received  28  December  2008. 
Accepted  18  March  2009. 


Raikow  (1976;  1977a,b;  1978)  found  great 
uniformity  in  the  appendicular  musculature  of 
the  Hawaiian  finches,  or  honeycreepers,  of  the 
tribe  Drepanidini,  subfamily  Carduelinae,  which 
he  interpreted  as  providing  strong  evidence  for  a 
monophyletic  origin  of  the  group.  The  only 
consistent  variation  within  the  tribe  that  appeared 
to  have  phylogenetic  significance  was  the  loss  of 
the  plantaris  muscle  in  some  species. 

The  plantaris  is  a  slender  muscle  in  the  shank 
that  originates  on  the  medial  side  of  the  head  of 
the  tibiotarsus  and  gives  rise  to  a  long  tendon  that 
inserts  on  the  tibial  cartilage  on  the  posterior 
portion  of  the  intertarsal  joint.  Elsewhere  in  the 
Carduelinae,  the  plantaris  is  present  in  some 
genera  and  absent  in  others,  and  it  is  variable 
among  species  within  Serinus  (Raikow  1978). 
Both  conditions  are  present  in  the  Drepanidini  and 
Raikow  postulated  that  the  muscle  was  present  in 
the  ancestral  form  and  was  lost  only  once  within 
the  group.  Thus,  the  absence  of  the  plantaris  was 
used  to  identify  a  monophyletic  subgroup  within 
the  Drepanidini. 

The  condition  of  this  muscle  becomes  espe¬ 
cially  critical  in  the  convoluted  history,-  summa¬ 
rized  by  Lepson  and  Woodworth  (2002),  of  the  six 
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taxa  of  so-called  “creepers.”  These,  at  one  time, 
had  been  considered  to  be  subspecies  of  a  single 
species,  the  Loxops  maculata  of  Amadon  (1950), 
whereas  osteological  and  molecular  studies  support 
recognition  of  five  species  in  three  genera  (James 
2004,  Reding  et  al.  2008).  The  data  presented  here 
should  also  be  helpful  in  a  much  needed  revision  of 
the  taxonomy  of  the  Drepanidini,  as  that  now  in  use 
(AOU  1998)  does  not  reflect  current  knowledge. 
Therefore,  I  have  followed  James  (2004)  for 
binomial  nomenclature. 

MATERIALS  EXAMINED 

I  obtained  data  from  fluid-preserved  specimens 
representing  six  species  not  previously  examined 
by  Raikow  as  follows:  Oahu  Creeper  ( Paroreo¬ 
myza  maculata,  BBMX  155011);  Maui  Creeper 
(Lanai  subspecies,  P.  montana  montana',  UMZC 
27/Dre/8/a/66,  27/Dre/8/a/67);  Hawaii  Creeper 
( Loxops  mana\  USNM  505330,  505342, 
505369);  Hawaii  Akepa  (L.  coccineus  coccineus, 
USNM  505338);  Anianiau  (L.  parvus',  BPBM 
146128,  162411);  and  Kauai  Amakihi  (L.  stejne¬ 
geri,  BPBM  162408-162410).  The  condition  of 
the  plantaris  was  also  confirmed  in  an  additional 
specimen  of  Kauai  Creeper  ( Oreomystis  bairdi, 
USNM  19096). 

RESULTS  AND  DISCUSSION 

I  was  able  to  confirm  Raikow’ s  observation  that 
the  plantaris  is  present  in  Oreomystis  (sensu  strictu) 
and  added  the  Oahu  and  Maui  Nui  creepers  of  the 
genus  Paroreomyza  to  the  list  of  drepanidines  with 
the  plantaris  present,  the  primitive  condition 
(Table  1).  This  is  consistent  with  overwhelming 
evidence  from  starch  gel  electrophoresis,  mito¬ 
chondrial  and  nuclear  DNA,  and  osteology  show¬ 
ing  that  these  two  genera  arose  near  the  base  of  the 
radiation  of  Drepanidini  (Johnson  et  al.  1989,  Tarr 
and  Fleischer  1995,  Fleischer  et  al.  2001,  James 
2004,  Reding  et  al.  2008). 

The  Anianiau  ( Loxops  parvus),  at  times  placed 
in  its  own  genus  Magumma  (Olson  2006,  AOU 
2008),  is  more  problematic.  Originally  described 
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TABLE  1.  Presence  or  absence  of  the  plantaris  muscle  in 
study  (boldface).  *  =  corroborated  by  additional  specimen. 

the  Drepanidini  from  Raikow  (1976)  and  taxa  added  in  this 

Present 

Absent 

Laysan  Finch  ( Telespiza  cantans ) 

Hawaii  Creeper  ( Loxops  mana) 

Nihoa  Finch  (T.  ultima) 

Hawaii  Akepa  (L.  c.  coccineus) 

‘O’u  (P sittirostra  psittacea) 

Lesser  Amakihi  (L.  virens  wilsoni ) 

Kauai  Creeper  ( Oreomystis  bairdi )* 

Kauai  Amakihi  (L.  stejnegeri ) 

Oahu  Creeper  ( Paroreomyza  maculata) 

Anianiau  (L.  parvus) 

Maui  Creeper  (P.  montana) 

Apapane  ( Himatione  sanguinea) 

Akiapola’au  ( Hemignathus  wilsoni ) 

Crested  Honeycreeper  ( Palmeria  dolei) 

Kauai  Akialoa  ( Akialoa  stejnegeri ) 

T’iwi  ( Vestiaria  coccinea) 

in  the  genus  Himatione,  which  is  now  reserved  for 
the  Apapane  ( H .  sanguina),  it  has  subsequently 
been  associated  with  the  amakihis  (L.  vireris 
group).  This  was  also  supported  by  osteological 
analysis  (James  2004).  All  of  these  birds, 
including  now  the  Hawaii  Creeper,  lack  the 
plantaris,  and  the  absence  of  this  muscle  in  the 
Anianiau  would  be  consistent  with  its  association 
with  the  more  derived  taxa  of  the  family. 
However,  the  available  molecular'  evidence 
(Fleischer  et  al.  2001)  suggests  placement  of  the 
Anianiau  outside  this  group,  although  its  apparent 
sister-group  relationship  with  the  Maui  Parrotbill 
(P seudonestor  xanthophrys)  would  be  inconsistent 
with  the  morphology  or  behavior  of  either,  which, 
with  the  condition  of  the  plantaris,  suggests  that 
the  DNA  evidence  requires  corroboration  from 
other  genes.  The  absence  of  the  plantaris  in  the 
Kauai  Amakihi  is  consistent  with  its  traditional 
placement  in  the  amakihi  group. 

Of  considerable  interest  is  the  knowledge  that 
the  plantaris  is  lacking  in  the  Hawaii  “Creeper”. 
Both  molecular  and  osteological  phylogenies 
(Fleischer  et  al.  2001,  James  2004,  Reding  et  al. 
2008)  indicate  a  close  association  of  L.  mana  with 
the  Akepa,  which  we  now  know  also  lacks  the 
plantaris.  Although  Pratt  (2001)  argued  stridently 
that  the  closest  relative  of  L.  mana  is  the  Kauai 
Creeper  ( Oreomystis  bairdi)  and  he  included 
mana  in  the  same  genus,  he  has  since  conceded 
that  stance  to  be  erroneous  (Reding  et  al.  2008). 
The  supposed  morphological  similarity  between 
the  Kauai  Creeper  and  Hawaii  Creeper  is  far  less 
than  between  juveniles  of  Hawaii  Creeper  and 
Hawaii  Akepa.  In  examination  of  the  majority  of 
specimens  of  Drepanidini  in  the  world’s  muse¬ 
ums,  I  have  not  infrequently  discovered  juveniles 
of  Hawaii  Akepa  identified  as  Hawaii  Creeper  and 
vice  versa.  Of  note,  the  fluid-preserved  specimen 
of  Hawaii  Akepa  used  in  this  study  had  been 


collected  and  identified  as  a  Hawaii  Creeper  by  no 
less  an  authority  on  the  Drepanidini  than  P.  H. 
Baldwin  (,e.g.,  Baldwin  1953). 

The  loss  of  the  plantaris  still  appears  to  be  a 
synapomorphy  that  unites  a  derived  assemblage 
within  the  group  (James  2004)  unless  further 
DNA  evidence  should  more  effectively  isolate  the 
Anianiau.  The  tubular  tongue  also  appears  to  be  a 
synapomorphy  that  unites  an  even  larger  assem¬ 
blage  (James  2004).  Its  absence  in  Loxops  mana 
must  therefore  be  considered  a  secondary  loss 
rather  than  being  the  primitive  condition  as  in 
Oreomystis  and  Paroreomyza. 
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Eggs,  Nests,  and  Incubation  Behavior  of  the  Moustached  Wren  ( Thryothorus 
genibarbis )  in  Manu  National  Park,  Peru 

Gustavo  Adolfo  Londono1,2 


ABSTRACT. — The  genus  Thryothorus  is  wide 
spread  in  the  Neotropics  and  nesting  information  is 
known  for  85%  of  the  species.  I  found  four  nests  of  the 
Moustached  Wren  (Thryothorus  genibarbis)  that  were 
dome  and  bulky  ball-like  structures  with  a  side  entrance. 
All  nests  contained  two  white  eggs  with  reddish-brown 
blotches.  Daily  nest  attentiveness  was  58.0%  and 
average  egg  temperature  was  32.5°  C.  Incubation 
behavior  varied  among  nests  and  also  throughout  the 
incubation  period,  especially  during  early  stages. 
Received  19  July  2008.  Accepted  10  February  2009. 
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Thryothorus  is  a  large  New  World  genus  with 
27  species  (Kroodsma  and  Brewer  2005);  the 
present  genus  may  represent  several  genera 
(Mann  et  al.  2006).  There  is  considerable 
information  about  the  breeding  biology  of  these 
species  (Brewer  2001,  Kroodsma  and  Brewer 
2005),  and  nests  of  23  species  and  eggs  of  20 
species  have  been  described  (Brewer  2001, 
Kroodsma  and  Brewer  2005,  Lebbin  et  al.  2007, 
Valderrama  et  al.  2007).  Generally,  nests  have 
been  described  as  a  dome  and  bulky  ball-like 
structure  with  a  side  entrance,  made  principally 
with  fine  roots  and  grasses.  Clutch  size  varies 
between  two  and  five  eggs,  and  egg  coloration  has 
been  described  as  ranging  from  blue-green 
without  markings  to  white  with  heavy  blotches 
and  reddish-brown  streaks  (Brewer  2001, 
Kroodsma  and  Brewer  2005).  Incubation  length 
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varies  from  12  to  19  days.  Incubation  behavior  in 
Thryothorus  has  not  been  well  studied  and  embryo 
development  temperature  has  not  been  document¬ 
ed  for  any  of  the  species  (Brewer  2001,  Kroodsma 
and  Brewer  2005). 

Lebbin  et  al.  (2007)  described  the  nest  of  the 
Moustached  Wren  ( Thryothorus  genibarbis)  as  a 
woven  oblong  ball-shaped  dome.  The  purpose  of 
my  paper  is  to  describe  for  the  first  time  the  eggs 
and  incubation  behavior  of  T.  genibarbis. 

METHODS 

Study  Area. — This  study  was  conducted  in  the 
foothills  adjacent  to  the  Tono  (12°  57'  58.2"  S, 
71°  34'  05.3"  W)  and  San  Pedro  rivers  (13°  03' 
19.4"  S,  71°  32'  48.5"  W)  in  Manu  National  Park, 
Cusco,  Peru.  The  Tono  River  site  is  at  930  m  asl 
with  an  average  temperature  of  24.2°  C  (max-min 
=  30.7  to  19.3°  C)  and  supports  a  pre-montane 
forest  with  a  canopy  height  of  40  m.  The  San 
Pedro  River  site  is  in  Andean  cloud  forest  at 
1,450  m  asl  with  an  average  temperature  of  16.2° 
C  (max-min  =  19.8  to  13.6°  C). 

Nest,  Egg,  and  Incubation  Measurements. — 
Eggs  were  weighed  to  the  nearest  0.05  g  with  a 
digital  pocket  scale  (FlipScale  F2)  and  nests  were 
measured  to  the  nearest  0.1  mm  with  calipers. 
Three  thermal  sensors  were  placed  in  two  nests: 
one  inside  the  nest  under  the  eggs,  one  attached  to 
the  exterior  side  of  the  nest  wall,  and  one  inside 
one  of  the  eggs.  A  sensor  was  placed  insjde  an  egg' 
by  drilling  a  small  hole  in  the  large  end  of  the  egg, 
sufficiently  large  for  the  sensor  to  enter  the  egg 
shell,  and  the  opening  was  sealed  with  super  glue. 
The  sensor  was  placed  in  the  middle  of  the  egg  to 
maintain  constant  distance  from  the  bird’s  brood 
patch  so  temperature  would  not  vary  dramatically 
when  eggs  were  rotated  by  the  incubating  adult. 
Sensors  were  connected  to  an  H8  4-channel  hobo 
data  logger  (Onset  Computer  Corporation,  httjo :// 
www.onsetcomp.com). 

Sensors  were  placed  at  nests  the  day  the  nest 
was  found  and  temperature  was  recorded  every 
minute  thereafter.  The  sensor  inside  the'  egg 
provided  two  types  of  information:  (1)  tempera¬ 
tures  experienced  by  the  embryo  during  on-bouts 
(when  the  bird  was  incubating)  and  off-bouts 
(when  the  bird  was  absent  from  the  nest),  and  (2) 
the  time  at  which  the  incubating  bird  left  or 
returned  to  the  nest,  as  shown  by  rapid  temper¬ 
ature  shifts  of  at  least  1.5°  C  (incubation  rhythm). 
The  sensor  inside  the  nest  provided  data  on  nest 
microclimate  and  incubation  rhythm,  similar  to 


data  provided  by  the  egg  sensor.  The  sensor 
attached  to  the  outside  nest  wall  provided  data  on 
ambient  temperature  in  the  immediate  vicinity  of 
the  nest.  The  Tono  egg  sensor  malfunctioned  and 
egg  temperature  data  were  only  collected  during 
the  first  4  days  of  the  incubation  period.  Incuba¬ 
tion  data  were  not  collected  at  two  of  the  San 
Pedro  nests  due  to  egg  sensor  malfunction  and 
early  predation.  Six  hours  of  direct  observation 
were  made  of-the  nests. 

Data  Analysis. — The  temporal  pattern  of  incu¬ 
bation  for  both  nests  was  obtained  from  tempera¬ 
ture  fluctuations  detected  by  each  nest’s  internal 
.sensor  and  analyzed  following  Cooper  and  Miles 
(2005).  An  algorithm  detected  all  intervals  when 
temperatures  decreased  monotonically.  It  retrieved 
three  quantities  for  each  interval:  duration,  total 
decrease  in  temperature,  and  initial  rate  of  temper¬ 
ature  decrease.  The  start  of  an  off-bout  (incubation 
recess)  was  triggered  when  nest  temperature 
decreased  monotonically  for  at  least  1  min  and 
decreased  at  least  2°  C  at  an  initial  rate  of  at  least 
0.5°  C/min.  The  start  of  an  on-bout  (beginning  of  an 
incubation  period)  was  triggered  when  temperature 
increased  monotonically  for  at  least  1  min  at  an 
initial  rate  of  at  least  0.5°  C/min.  The  rate  of  heat 
loss  from  the  egg  was  calculated  as  the  difference 
between  the  last  egg  temperature  measured  before 
the  bird  left  the  nest  during  incubation  recess,  and 
the  last  egg  temperature  before  the  bird  returned  to 
the  nest  to  start  incubating  divided  by  the  number  of 
minutes  in  each  particular  recess. 

RESULTS 

Four  nests  of  the  Moustached  Wren  were  found 
with  two  eggs  each,  two  of  the  nests  were  next  to 
habitat  gaps  and  two  were  on  the  edge  of  a  river.  I 
found  a  nest  at  the  Tono  site  with  one  egg  on  28 
September  2007.  The  nest  contained  a  second  egg 
on  29  September.  Only  one  individual  bird  was 
observed  approaching  and  going  into  the  nest  on 
three  separate  occasions  during  6  hrs.  Only  pieces ' 
of  eggshell  were  found  on  1 8  October,  indicating 
the  nest  had  been  depredated.  Three  nests  were 
found  at  the  San  Pedro  site  by  David  Ocampo  and 
Elkin  Tenorio  on  19  September,  2  October,  and  18 
October  2008.  One  of  the  eggs  from  the  nest 
found  on  18  October  hatched  on  25  October  (the 
other  did  not  hatch);  the  completely  naked 
nestling  weighed  4.25  g  and  had  wing  and  tarsus 
lengtlq  of  8  and  10  mm,  respectively.  The  mass  of 
the  nestling  was  8.8  g  while  wing  and  tarsus 
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lengths  were  8  and  13  mm,  respectfully  on  27 
October.  The  nest  was  empty  on  28  October. 

Description  of  Nests  and  Eggs. — The  dome  nest 
structure  at  the  Tono  site  was  between  a  small 
creek  and  a  tree  fall  gap  (—200  m  width),  and  was 
constructed  with  dry  grass  leaves,  a  few  dry  ferns, 
and  tree  leaves.  The  cup  lining  was  of  finer  grass 
leaves.  Two  of  the  nests  at  the  San  Pedro  site  were 
next  to  the  river  edge  within  a  patch  of  Gynerium 
sagittatum  (Poaceae).  These  nests  were  placed 
between  the  stem  and  the  leaves  of  Gynerium 
sagittatum,  and  were  exclusively  built  with  dry 
leaves  of  Gynerium  sagittatum  with  fine  grass  in 
the  cup  lining.  The  other  nest  was  within  the 
stems  of  a  Chusquea  spp.  (Poaceae)  next  to  a  tree 
fall  gap  (—100  m  wide)  and  constructed  exclu¬ 
sively  with  Chusquea  spp.  leaves;  the  cup  lining 
was  made  of  fine  grasses  and  small  pieces  of 
snake  skin. 

Nests  were  finely  constructed  dome  structures, 
1.2  m  above  ground  with  a  short  entrance  and 
downward  sloping  entrance  port.  The  entrance  of 
the  nests  (n  =  4)  averaged  50.3  X  48.1  mm  with 
average  wall  thickness  of  32.8  mm.  The  depth  of 
the  dome  structure  (from  the  entrance  until  the 
end  of  the  tunnel)  was  102.5  mm  and  the  depth  of 
the  nest  cup  was  44.0  mm.  The  exterior  dimen¬ 
sions  were  87.1  X  108.1  X  131.6  mm.  The 
downward  sloping  entrance  port  measured 
356.8  mm.  All  eggs  were  white  with  different 
amounts  of  reddish-brown  spots  over  their 
surface.  The  eggs  averaged  20.0  X  14.8  mm  with 
a  mass  of  2.4  g  (n  =  8). 

Incubation  Rhythm  and  Thermal  Characteris¬ 
tics. — Nest  attentiveness  (time  spent  incubating) 
was  low  throughout  the  first  10  days  of  the 
incubation  period  at  the  Tono  nest.  The  adult  spent 
( x  ±  SE)  47  ±  2.7%  of  daily  time  incubating  the 
eggs.  Nest  attentiveness  was  lower  during  the  first 
5  days  of  the  incubation  period,  when  the  adult  was 
on  the  nest  on  average  40%  of  the  time  (range  = 
32^-5%).  The  adult  began  to  spend  more  time  on 
the  nest  on  days  9  and  10,  incubating  59  and  57% 
of  the  time,  respectively.  The  San  Pedro  nest  had 
high  attentiveness  (67%,  range  =  63-75%)  during 
the  last  7  days  of  the  incubation  period  with  the 
exception  of  day  2  (13%)  when  the  bird  had  a  long 
absence  during  the  night. 

Low  nest  attentiveness  at  the  Tono  site  was  the 
result  of  a  few  long  daily  absences  taken  by  the 
attending  bird  (Fig.  1A,  B).  The  incubating  bird 
had  ( x  ±  SE)  5.4  ±  0.57  absences  per  day  (range 
=  3-10)  lasting  141.5  ±  7.80  min  (range  =  41- 


14 

'c 

1  12 

>. 

(0 

5  10 


•  Tono 

O  O  San  Pedro 


o  • 

o  o 


Days 


FIG.  1.  Incubation  behavior  of  Thryothorus  genibarbis: 
(A)  total  number  of  absences  per  day,  and  (B)  total  time  off 
nest  per  day.  The  bars  represent  standard  errors.  Day  1  at 
the  Tono  nest  (solid  circles)  corresponds  to  30  September 
2007  and  at  the  San  Pedro  nest  (open  circles)  to  18 
October  2008. 


131  min).  Incubation  started  after  the  second  egg 
was  laid  (Fig.  2A).  The  higher  nest  attentiveness 
at  the  San  Pedro  nest  was  the  result  of  more  (8.8 
±  0.50)  but  shorter  (35.6  ±  1 .50  min)  absences 
(range  =  7-63  min). 

Eggs  at  the  Tono  nest  maintained  an  overall 
average  (±SE)  temperature  of  33.9  ±  0.20°  C 
(Fig.  2A)  when  an  adult  was  on  the  nest,  and 
decreased  to  as  low  as  24.3  ±  0.32°  C  during 
incubation  recesses.  Egg  temperatures  were  sim¬ 
ilar  at  the  San  Pedro  nest  when  an  adult  was  on 
the  nest  (34.8  ±  0.12°  C;  Fig.  2B),  and  decreased 
to  25.0  ±  0.38°  C  during  incubation  recesses. 

Inner  nest  temperatures  fluctuated  similarly  to 
ambient  temperature  at  the  Tono  nest  (Fig.  2C), 
but  the  inner  nest  temperature  at  the  San  Pedro 
nest  fluctuated  independently  of  ambient  temper¬ 
ature  (Fig.  2D).  The  external  sensor  recorded 
ambient  temperatures  fluctuations  between  24  and 
15°  C  at  the  Tono  nest  (Fig.  2E).  The  San  Pedro 
nest  had  similar  ambient  temperature  fluctuations 
between  14  and  26°  C  (Fig.  2F).  Daily  egg  heat 
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FIG.  2.  Thermal  characteristics  of  eggs,  nest,  and  environment  around  nests  during  incubation,  showing  (A  and  B) 
hourly  average  egg  temperature,  (C  and  D)  hourly  average  nest  temperature,  and  (E  and  F)  hourly  average  ambient 
temperature  around  the  nest.  A,  C,  and  E  correspond  to  the  Tono  nest,  and  B,  D,  and  F  to  the  San  Pedro  nest. 


loss  during  incubation  recess  was  lower  at  the 
Tono  nest  (0.2  ±  0.04°  C/min)  compared  to  the 
San  Pedro  nest  (0.4  ±  0.02°  C/min). 

Inner  nest  temperatures  varied  less  than  ambi¬ 
ent  temperatures.  Temperatures  at  the  Tono  nest 
averaged  3.5  ±  0.02°  C  higher  than  the  ambient 
temperatures  when  the  adult  was  on  the  nest.  This 
difference  was  higher  at  the  San  Pedro  nest  (12.2 
±  0.34°  C).  This  was  a  small  difference  compared 
to  differences  between  egg  and  ambient  temper¬ 
atures  (16.1  ±  0.06°  C),  and  between  egg  and  nest 
temperatures  (12.6  ±  0.04°  C)  when  the  adult  was 


incubating  at  the  Tono  nest.  Differences  between 
egg  and  ambient  temperatures  at  the  San  Pedro 
nest  were  similar  (15.8  ±  0.06°  C),  but  differ¬ 
ences  between  egg  and  nest  temperatures  were  not 
as  high  (3.6  ±  0.11°  C). 

DISCUSSION 

The  dome  nest  with  a  short  entrance  built  with 
grasses  and  the  white  eggs  with  reddish-brown 
spots  of  T.  genibarbis  were  similar  to  those  of 
other  Thryothorus  (Brewer  2001,  Kroodsma  and 
Brewer  2005).  T.  genibarbis  incubation  attentive- 
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ness  (58%)  was  low  when  compared  to  tropical 
bird  species  (69.4%;  Martin  et  al.  2007),  and 
average  egg  temperature  (32.5°  C)  was  also  low 
(34.4°  C;  Martin  et  al.  2007).  Lebbin  et  al.  (2007) 
observed  T.  genibarbis  building  a  nest  but  did  not 
follow  its  fate.  The  materials  and  dimensions  of 
the  woven  oblong  ball-shaped  dome  constructed 
with  dry  grasses  and  twigs  were  similar  to  those  in 
this  study.  Dormitory  nests  lack  the  entrance 
(Skutch  1960,  Sick  1993),  which  was  not  the  case 
for  the  nest  reported  by  Lebbin  et  al.  (2007). 

The  two-egg  clutch  size  for  T.  genibarbis  is 
within  the  range  of  clutch  sizes  reported  for 
Thryothorus,  which  vary  between  two  and  five 
eggs  (Brewer  2001,  Kroodsma  and  Brewer  2005). 
Similarly,  egg  coloration  varies  from  blue-green 
without  markings  to  white  with  heavy  blotches  and 
reddish-brown  streaks.  All  eggs  have  been  de¬ 
scribed  as  white  with  the  exception  of  three  species 
(T.  pleurostictus,  T.  rufalbus,  T.  sinaloa\  Brewer 
2001)  that  have  blue-green  eggs.  The  genus 
Thryothorus  likely  represents  several  genera  (Mann 
et  al.  2006),  which  may  explain  clutch  size  and  egg 
color  variation  among  Thryothorus  species. 

All  published  studies  indicate  Thryothorus  has 
female-only  incubation  with  the  exception  of  one 
report  where  bi-parental  incubation  was  observed 
(Skutch  1960,  1972;  Brewer  2001).  Low  nest 
attentiveness  in  both  monitored  nests  in  my  study 
suggests  that  only  a  single  bird  (presumably  the 
female)  incubated,  as  species  with  bi-parental 
incubation  have  much  higher  nest  attentiveness 
(>85%;  Deeming  2002,  Martin  et  al.  2007). 

Incubation  behavior  varied  between  the  two 
nests  closely  followed  in  this  study.  Nest  atten¬ 
tiveness  was  low  throughout  the  first  10  days  of 
incubation  at  the  Tono  nest;  time  on  the  nest 
increased  from  37.9%  during  the  first  3  days  to 
55.1%  during  the  last  3  days  as  incubation 
progressed.  The  San  Pedro  nest  had  higher  and 
less  variable  incubation  attentiveness  (62.7- 
75.3%)  during  the  last  7  days  of  the  incubation 
period  (before  the  egg  hatched).  This  variation  in 
incubation  behavior  influenced  egg  temperature, 
where  the  nest  with  higher  incubation  attentiveness. 
(San  Pedro)  maintained  egg  temperatures  2°  C 
higher.  These  differences  can  be  the  result  of 
different  investment  decisions  during  the  incuba¬ 
tion  period  where  time  on  the  nest  increased  as 
incubation  proceeds  as  observed  for  other  tropical 
bird  species  (Martin  et  al.  2007).  These  differences 
in  incubation  behavior  can  also  be  the  result  of 
different  selection  pressures  (e.g.,:predation  risk, 


ambient  temperature)  and  experience  of  wrens  at 
different  elevations.  More  studies  on  neotropical 
avian  incubation  may  help  elucidate  factors  that 
may  influence  variation  in  incubation  behavior 
among  and  between  neotropical  bird  species. 
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First  Description  of  Nests  and  Eggs  of  the  White-bellied  Seedeater 

(Sporophila  leucoptera ) 

Mercival  R.  Francisco1 


ABSTRACT. — I  describe  nests  and  eggs  of  the 
White-bellied  Seedeater  (Sporophila  leucoptera)  in 
Brazil.  Nests  (n  =  5)  were  cup-shaped  and  built  of 
thin  grass  roots  and  spider  web  silk  with  thin  walls 
allowing  eggs  and  young  to  be  seen  through  them.  Nests 
were  in  trees  (2.5-4.5  m  above  ground)  and  close  to 
water.  Eggs  ( n  =  3)  were  white  with  black  and  brown 
spots  concentrated  at  the  large  end  and  measured  19.2  X 
13.0  (1.7  g),  18.7  X  13.3  (1.8  g),  and  18.8  X  13.9  mm 
(1.8  g).  Both  parents  fed  nestlings,  but  only  females 
incubated.  The  White-bellied  Seedeater  is  not  presently 
endangered,  but  many  local  populations  have  been 
extirpated  because  of  intense  commercial  trapping  and 
habitat  loss.  Additional  knowledge  on  the  ecology  and 
breeding  biology  of  seedeaters  is  urgently  needed  for 
development  of  effective  conservation  plans.  Received 
27  August  2008.  Accepted  11  February  2009. 


Seedeaters  are  a  diverse  group  of  small 
neotropical  finches  primarily  associated  with 
grassland  habitats  (Ridgely  and  Tudor  1994,  Silva 
1999).  They  are  popular  cage  birds  in  several 
regions  due  to  their  melodious  songs.  Many 
species  have  been  locally  extirpated  as  a  result 
of  intense  commercial  trapping  and  habitat  loss, 
and  some  are  severely  threatened  (Collar  et  al. 
1992,  Ridgely  and  Tudor  1994,  Silva  1999). 
Detailed  information  on  breeding  biology  •'  is 
unavailable  for  most  species  of  seedeaters. 

The  White-bellied  Seedeater  (Sporophila  leu¬ 
coptera)  inhabits  humid  grasslands  from  southeast 
Peru,  northern  and  eastern  Bolivia,  northeast 
Argentina,  eastern  Paraguay,  and  central  and 
eastern  Brazil  (Collar  et  al.  1992,  Ridgely  and 
Tudor  1994,  Sick  1997).  This  species  has  been 
classified  as  of  “Least  Concern”  in  the  IUCN  red 
list,  but  many  local  populations  have  been 
extirpated  (MRF,  pers.  obs.).  The  objectives  of 
this  paper  are  to:  (1)  present  descriptions  of  nests 
and  eggs  of  S.  leucoptera,  and  (2)  provide 
preliminary  observations  on  parental  care. 


1  Universidade  Federal  de  Sao  Carlos,  Campus  de 
Sorocaba,  CEP  18043-970,  Caixa  Postal  3031,  Sorocaba, 
SP,  Brazil;  e-mail:  mercival@ufscar.br 


METHODS 

Nests  were  located  during  irregular  visits  to  a 
disturbed  marsh  area  (—10  ha)  near  Sao  Carlos 
city,  central  Sao  Paulo  State,  southeastern  Brazil 
(21°  55'  S,  47°  55'  W).  Bushy  vegetation  and 
exotic  grasses  (including  Brachiaria  spp.,  Pani- 
cum  maximum,  and  Pennisetum  purpureum ) 
predominate  with  a  few  taller  trees.  The  climate 
is  tropical  with  two  well-marked  seasons:  a 
humid,  hot  season  from  October  through  March, 
and  a  dry,  cold  season  from  April  through 
September. 

Nests  were  located  by  searching  areas  defended 
by  males  and  by  following  parents  with  nesting 
and  feeding  material.  I  performed  1-hr  focal 
observation  periods  every  2-3  days  using  8  X 
40  binoculars  early  in  the  morning  (0600-0900 
hrs).  The  average  number  of  female  arrivals  and 
departures  from  nests,  length  of  recesses  during 
incubation,  and  the  frequency  of  feeding  visits 
during  the  nestling  stage  were  estimated.  Preda¬ 
tion  was  assumed  to  have  occurred  when  eggs  or 
nestlings  younger  than  fledgling  age  disappeared 
from  a  nest  (Pletschet  and  Kelly  1990). 

RESULTS 

I  found  five  active  nests  from  2001  to  2007  all 
of  which  were  cup-shaped  and  built  of  thin  grass 
roots  (Fig.  1).  Nest  walls  were  thin  and  eggs  and 
young  could  be  seen  through  them.  Nests  were  in 
widely  spaced  taller  trees  (4.2-1 1.5  m  in  height) 
rather  than  in  smaller  bushes  that  were  1-2  m  tall. 
They  were  close  to  water  (1.5-16  m)  and  were 
built  on  slender  horizontal  branches.  Spider  web 
silk  was  used  to  bind  nest  borders  to  the 
supporting  branches.  Measurements  of  three  nests 
were:  outside  diameters  (61.8,  68.9,  72.1  mm), 
cup  diameters  (53.7,  49.9,  48.9  mm),  outside 
heights  (56.6,  52.8,  38.9  mm),  and  inside  heights 
(48.7,  35.5,  35.1  mm).  Height  of  nests  above 
ground  ranged  from  2.5  to  4.5  m  (mean  ±  SD;  3.5 
±  0.77  m,  n  =  5),  and  distance  of  nests  to  the 
main  trunk  varied  from  0.8  to  2.7  m  (mean  ±  SD; 
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1.5  ±  0.76  m ,  n  =  5).  Plant  species  in  which  nests 
were  constructed  included  tropical  cedar  ( Cedrela 
fissilis,  Meliaceae),  cypress  ( Cupressus  sp.,  Cu- 
pressaceae),  blood  tree  ( Croton  urucurana,  Eu- 
phorbiaceae),  black  plum  ( Syzygium  cumini, 
Myrtaceae),  and  guava  ( Psidium  guajava ,  Myrta- 
ceae).  Average  (±SD)  tree  height  was  5.3  ± 

1.6  m  (range  =  4.2-8. 1  m ,  n  =  5),  and  diameter 
at  breast  height  (dbh)  averaged  75.4  ±  12.3  mm 
(range  =  65.5-96.4  mm,  n  =  5). 

The  earliest  nest  was  found  on  24  December 
and  contained  two  well-feathered  young  indicat¬ 
ing  breeding  activities  probably  had  started  in  late 
November  or  early  December.  The  latest  nesting 
activity  was  recorded  on  14  February  when  a 
female  was  observed  sitting  in  a  nest  that  was 
abandoned  before  egg-laying.  Two  of  the  five 
nests  were  abandoned  before  egg-laying,  one  was 
predated  during  incubation,  one  was  predated  in 
the  nestling  stage,  and  one  nest  successfully 
fledged  young. 

Clutch  size  was  two  eggs  or  young  ( n  =  3).  The 
eggs  were  white  with  black,  light  brown,  and  dark 
brown  irregular  spots  and  blotches  of  variable 
sizes  concentrated  at  the  large  end  (Fig.  1 ).  The 
pigmentation  of  some  spots  was  intense,  but 
others  were  pale.  A  few  thin  dark  brown  and 
irregularly  distributed  stripes  were  also  present  on 
three  of  the  four  observed  eggs.  Egg  measure¬ 
ments  ( n  =  3)  were  19.2  X  13.0  (1.7  g),  18.7  X 

13.3  (1.8  g),  and  18.8  X  13.9  mm  (1.8  g). 

Only  the  female  carried  thin  flexible  pieces  of 

grass  roots  to  the  nest  (3  times)  during  30  min  of 
focal  observation  of  a  nest  found  in  early 
construction  stage.  I  saw  only  the  female 
incubating  eggs  (n  =  5  hrs  of  observation)  at 
another  nest.  The  mean  (±  SD)  number  of  female 
arrivals  and  departures  from  nests  per  hour  during 
incubation  was  2.2  ±  1.1.  Incubation  recesses 
were  22.4  ±  6.7  min  in  length  (range  =  15.4- 
28.7  min,  n  =  3  observations).  Eggs  hatched 
synchronously  («  =  1  nest).  One  nest  was 
observed  during  the  nestling  stage  when  young 
were  3  and  5  days  of  age  and  nestlings  were  fed 
four  and  seven  times,  respectively.  Both  parents 
fed  nestlings:  the  female  fed  the  young  six  times, 
and  the  male  fed  the  young  five  times.  Time  lag 
between  feedings  averaged  (±SD)  1.1.8  ± 

8.3  min  (range  =  3.4-28.7  min,  n  =  9  observa¬ 
tions)  and  the  female  regularly  brooded  nestlings 
after  feedings.  Nestling  details  were  not  obtained 
as  nests  were  mostly  checked  using  a  mirror. 


FIG.  1.  Nest  and  eggs  of  the  White-bellied  Seedeater 
(Sporophila  leucoptera)  (Photograph  by  M.  R.  Francisco). 

DISCUSSION 

Nesting  of  S.  leucoptera  occurred  during  the 
wet  season  when  other  sympatric  Sporophila 
species  (e.g.,  S.  caerulescens  [Double-collared 
Seedeater]  and  S.  lineola  [Lined  Seedeater])  also 
nested  in  the  study  area.  S.  caerulescens  nests 
from  December  to  May  (Francisco  2006),  while 
the  migratory  S.  lineola  breeds  from  December  to 
April  (Oliveira  et  al.  in  prep.).  Fledging  of  S. 
leucoptera  found  in  February  would  probably 
have  occurred  in  early  March  if  nests  had  been 
successful.  Nesting  coincided  with  the  fruiting 
period  of  exotic  Gramineae  species  that  provide 
an  abundant  source  of  food  for  these  birds.  A  male 
was  observed  regularly  feeding  two  well-feath¬ 
ered  fledglings  with  seeds  of  Brachiaria  spp.  in 
January  2006. 

Nests  of  S.  leucoptera  were  similar  to  those 
described  for  other  Sporophila  species.  The  same 
pattern  of  slight  walls  of  thin  and  flexible  pieces  of 
grass  roots,  as  well  as  the  absence  of  a  well-defined 
base  and  lining  has  been  reported  for  all  Sporophila 
species  for  which  detailed  descriptions  are  avail¬ 
able  (e.g.,  S.  caerulescens,  S.  lineola,  S.  ruficollis 
[Dark-throated  Seedeater],  S.  nigricollis  [Yellow- 
bellied  Seedeater],  S.  collaris  [Rusty-collared 
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Seedeater],  and  S.  americana  [Wing-barred  Seed- 
eater])  (Gross  1952,  Alderton  1961,  Ffrench  1965, 
De  La  Pena  1981,  Marcondes-Machado  1997, 
Francisco  2006)  demonstrating  a  homogeneity  of 
nest  composition  within  the  group.  Eggs  were  also 
similar  to  those  described  for  other  seedeaters, 
although  background  color  varies  from  gray  ( S . 
americana-.  Gross  1952)  to  slightly  greenish  in 
some  species  ( S .  collaris,  S.  nigricollis,  S.  caer- 
ulescens;  Alderton  1961,  De  La  Pena  1981, 
Francisco  2006).  Both  males  and  females  feed  the 
young,  but  only  females  incubate  in  all  of  the  other 
previously  studied  seedeaters  ( S .  americana,  S. 
nigricollis,  S.  lineola,  and  S.  caerulescens). 

Some  seedeaters  are  abundant  despite  pressures 
of  illegal  collecting  and  seem  to  benefit  from 
habitat  disturbance  (e.g.,  S.  caerulescens),  while 
others  are  experiencing  severe  population  de¬ 
clines.  The  unequal  impacts  of  human  disturbance 
on  different  Sporophila  species  is  likely  related  to 
specific  features  of  each,  such  as  habitat  specific¬ 
ity,  dependence  on  native  grasses,  reproductive 
rates,  territory  sizes,  and  nest  predation  rates 
(Silva  1999).  Breeding  by  S.  leucoptera  in  a  small 
and  isolated  marsh  fragment  widely  invaded  by 
exotic  grasses  indicates  it  is  tolerant  of  some 
habitat  disturbance.  Drainage  of  wet  areas  for 
agricultural  purposes  and  illegal  trapping  may  be 
potential  causes  'for  extirpation  of  many  local 
populations.  Further  studies  on  the  ecology  and 
breeding  biology  of  this  poorly  known  group  of 
birds  are  urgently  needed  for  successful  design 
and  implementation  of  conservation  plans  for 
species  that  are  undergoing  population  declines. 
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A  Nest  of  the  Marble-faced  Bristle  Tyrant  ( Pogonotriccus  ophthalmicus)  with 
Comparative  Comments  on  Nests  of  Related  Genera 

Harold  F.  Greeney1 


ABSTRACT. — Pogonotriccus  bristle  tyrants  are  a 
small  group  of  flycatchers  for  which  few  data  on  nest 
architecture  are  available.  I  describe  the  nest  of  Marble¬ 
faced  Bristle  Tyrant  (P.  ophthalmicus)  from  eastern 
Ecuador.  The  nest  was  an  oven-shaped,  mossy  ball  with 
a  hooded  side  entrance  attached  by  the  back  to  the  trunk 
of  a  large  tree.  I  discuss  aspects  of  nest  architecture, 
composition,  and  placement  which  may  prove  useful  for 
resolving  phylogenetic  hypotheses  within  the  Leptopo- 
gon-P ogonotriccus-P seudotriccus  clade  of  pipromor- 
phine  flycatchers.  These  characters,  in  particular  nest 
attachment  and  construction,  support  a  close  relation¬ 
ship  between  Pogonotriccus ,  P seudotriccus,  and  Cor- 
ythopis.  The  switch  from  draping  material  to  stuffing 
material  during  construction  may  be  a  key  innovation 
uniting  these  genera.  Received  12  August  2008. 
Accepted  30  January  2009. 


The  genus  Pogonotriccus  comprises  seven 
species  of  small  flycatchers  (Tyrannidae)  distrib¬ 
uted  from  northern  Venezuela  to  northern  Argen¬ 
tina  (Fitzpatrick  2004).  Molecular  evidence  sug¬ 
gests  that  Pogonotriccus  forms  part  of  a  well 
defined  clade  which  includes  Corythopis,  Pseudo- 
triccus,  Phylloscartes,  Leptopogon,  and  Mionectes, 
and  that  together  this  clade  is  sister  to  the  tody- 
tyrant-flatbill  group  (Ohlson  et  al.  2008,  Rheindt  et 
al.  2008).  The  Marble-faced  Bristle  Tyrant  (P. 
ophthalmicus)  ranges  from  northern  Venezuela  to 
northern  Bolivia  at  elevations  of  750-2,400  m  and 
includes  three  currently  recognized  subspecies 
(Fitzpatrick  2004).  Only  two  species  of  Pogono¬ 
triccus  have  had  nests  described,  the  most  recent  of 
which  was  Variegated  Bristle  Tyrant  (P.  poecilotis ) 
(Londono  and  Munoz  2006). 

Characters  derived  from  nesting  behavior  have 
proven  to  be  phylogenetically  informative  in  a 
variety  of  avian  groups  (e.g.,  Lanyon  1988, 
Sheldon  and  Winkler  1999,  Zyskowski  and  Prum 
1999,  Miller  and  Greeney  2008).  Nest  placement, 
composition,  and  detailed  architecture  in  particu¬ 
lar,  are  key  characters  which  often  remain 

’Yanayacu  Biological  Station  and  Center  for  Creative 
Studies,  Cosanga,  Ecuador,  c/o  Foch  721  y  Amazonas, 
Quito,  Ecuador;  e-mail:  revmmoss@yahoo.com 


undescribed  or  are  reported  without  sufficient 
detail  (Zyskowski  and  Prum  1999).  I  describe  the 
first  nest  of  Marble-faced  Bristle  Tyrant  from 
northeastern  Ecuador  and  compare  these  findings 
to  related  genera. 

METHODS 

Study  Site. — I  made  all  observations  on  the 
private  reserve  of  Cabanas  San  Isidro,  adjacent  to 
the  Yanayacu  Biological  Station  and  Center  for 
Creative  Studies.  Yanayacu  (00°  36'  S,  77°  53'  W) 
is  5  km  west  of  Cosanga  at  an  elevation  of  2, 100  m 
in  Napo  Province  of  northeastern  Ecuador. 

Chronology  of  Observations. — Oscar  Manzaba- 
B.  showed  me  the  nest  on  24  September  2007  at 
which  time  we  observed  an  adult  carrying  moss  to 
a  partially  constructed  nest.  The  nest  was  checked 
daily  until,  on  25  November,  I  found  it  had  been 
completely  ripped  from  the  tree,  and  I  was  unable 
to  locate  any  portions  of  the  nest  on  the  ground 
below.  Adults  frequently  vocalized  as  they 
approached  or  exited  the  nest  after  feeding.  I 
videotaped  the  nest  on  several  occasions,  captur¬ 
ing  these  vocalizations  on  tape.  I  recorded  the 
distinctive  eskeek  e'  ti'ti'ti'ti'ti'  described  for  this 
species  (e.g.,  Hilty  and  Brown  1986)  on  multiple 
occasions.  These  tapes  were  subsequently  exam¬ 
ined  by  Mitch  Lysinger  who,  based  on  both 
vocalizations  and  appearance,  concurred  with  my 
identification. 

RESULTS 

General  Observations. — Two  adults  were  pre¬ 
sent  in  the  area  during  construction,  but  I  was 
unable  to  confirm  if  both  participated  in  construc¬ 
tion.  The  first  egg  was  laid  on  1 1  October,  prior  to 
1030  hrs  EST.  The  second  egg  was  not  laid  until 
13  October,  prior  to  1115  hrs.  Both  eggs  hatched 
on  9  November,  giving  an  incubation  period  of 
27  days  from  clutch  completion.  I  confirmed  that 
two  adults  participated  in  nestling  provisioning.  I 
last  observed  nestlings  on  23  November,  giving  a 
nestling  period  of  at  least  16  days,  which  is  likely 
far  short  of  the  true  nestling  period. 
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Nest  Architecture. — The  nest  was  a  compact 
mossy  ball  with  a  slightly  hooded  side  entrance.  It 
was  attached  by  the  back  to  pre-existing  moss  and 
small  living  vines  growing  on  the  side  of  a 
smooth,  nearly  epiphyte-free  tree  trunk.  I  found 
the  nest  in  the  later  stages  of  construction  and  did 
not  observe  the  manner  in  which  it  was  attached  to 
the  substrate;  however,  it  appeared  the  birds  must 
have  provided  an  attachment  point  by  stuffing 
moss  into  pre-existing  gaps  in  the  scarce  epiphytic 
vegetation  on  the  trunk.  The  nest  was  7  m  above 
ground  with  no  obstructions  within  5  m  of  the 
opening.  I  was  able  to  see  with  a  mirror  that  the 
egg  cup,  but  not  the  entire  chamber,  was  thickly 
lined  with  feathers.  I  was  unable  to  make  any 
linear  measurements  of  the  nest  due  to  its 
inaccessible  position,  but  I  estimate  the  entrance 
was  3  cm  in  diameter  with  the  inner  chamber 
being  ca.  4  cm  in  diameter  and  6  cm  tall. 
Externally,  I  estimate  the  nest  to  have  been 
15  cm  tall  by  10  cm  wide  by  10  cm  front  to  back. 

Eggs. — Both  eggs,  through  examination  with  a 
mirror,  appeared  similar  in  shape  and  color.  I 
removed  only  one  egg  from  the  nest  for  closer 
inspection.  It  was  immaculate  white  and  measured 
18.1  by  13.4  mm. 

DISCUSSION 

Londono  and  Munoz  (2006)  noted  there  is 
much  confusion  over  nest  architecture  in  the 
genus  Pogonotriccus.  Fitzpatrick  (2004:  304) 
described  the  nest  of  the  Southern  Bristle  Tyrant 
(P  eximus)  as  a  “bulky,  oven-shaped  [nest]  with  a 
side  entrance,  constructed  mainly  from  mosses,” 
but  provided  no  details  on  nest  location  or  means 
of  attachment.  Bertoni  (1901)  described  a  nest  of 
Southern  Bristle  Tyrant  from  Paraguay  as  at- . 
tached  to  a  tree  trunk,  apparently  in  the  same 
manner  as  the  nest  of  Marble-faced  Bristle  Tyrant 
described  in  this  paper.  Hilty  and  Brown  (1986) 
describe  a  nest  of  Marble-faced  Bristle  Tyrant  as  a 
mossy  cup  18  m  up  on  a  small  forked  branch.  The 
nest  I  describe  in  this  paper  is  dissimilar  to  this 
description,  but  I  agree  with  previous  assertions, 
this  was  likely  a  nest  found  early  in  construction 
or  that  the  species  was  misidentified  (Londono 
and  Munoz  2006).  A  nest  of  Marble-faced  Bristle 
Tyrant  collected  in  Peru  by  Thomas  S.  Schulen- 
berg,  and  deposited  in  the  Western  Foundation  of 
Vertebrate  Zoology  collection  (collection  number 
TSS  #  4406)  agrees  with  the  description  of  the 
nest  I  present  here.  In  particular,  nest  placement, 
attached  by  the  back  to  the  side  of  a  large  tree. 


appears  identical  (T.  S.  Schulenberg,  pers. 
comm.).  The  only  closely  examined,  published 
nest  description  for  this  genus  is  that  of  Varie¬ 
gated  Bristle  Tyrant,  -recently  described  from 
Colombia  (Londono  and  Munoz  2006).  This  nest 
was  described  and  pictured  as  being  extremely 
similar  to  nests  described  for  the  closely  related 
genus,  Leptopogon  (Dobbs  and  Greeney  2006). 

While  it  is  possible  that  P.  poecilotis  and  P. 
ophthalmicus  show  this  extent  of  divergence  in 
nest  architecture,  I  believe  one  of  two  explana¬ 
tions  may  account  for  this  discrepancy.  Pogono¬ 
triccus  poecilotis  may  be  more  appropriately 
considered  a  member  of  Leptopogon  or  the 
occupants  (builders)  of  Londono  and  Munoz’s 
(2006)  nest  were  incorrectly  identified.  Given  that 
similarly  plumaged  Leptopogon  superciliaris  also 
occurs  at  their  study  site,  and  the  extreme 
similarities  shown  with  Leptopogon  nests,  I 
suggest  it  is  likely  this  nest  was  assigned  to  the 
wrong  species. 

It  appears  certain  that  Pogonotriccus  spp., 
regardless  of  prior  confusion,  build  enclosed  nests 
with  side  entrances  similar  to  those  described  for 
related  genera  (i.e.,  Leptopogon ,  Mionectes,  Phyl- 
loscartes)  (Ohlson  et  al.  2008,  Rheindt  et  al.  2008). 
Nests  described  for  three  of  the  four  Leptopogon 
species  are  remarkably  similar  in  materials  used 
(dry  rootlets,  moss,  seed  down,  spider;egg  sacs), 
location  (low  under  logs  or  overhanging  banks), 
and  attachment  (thin  vines  or  rootlets)  (Belcher  and 
Smooker  1937,  Moore  1944,  Skutch  1967,  ffrench 
1991,  Aguilar  and  Marini  1997,  Dobbs  and 
Greeney  2006).  Nests  described  for  Mionectes  also 
are  all  similar,  being  pendant,  tear-drop  shaped 
nests  built  externally  of  green  moss  (Willis  et  al. 
1978,  Snow  and  Snow  1979,  Bencke  1995,  Aguilar 
et  al.  2000,  Greeney  et  al.  2006).  Nests  of 
Phylloscartes  (Sick  1993,  Remold  and  Ramos- 
Neto  1995,  Narosky  and  Salvador  1998,  Fitzpatrick 
2004,  Kirwan  et  al.  2004)  appear  to  vary  in 
materials  used,  but  are  all  described  as  pendant 
and  appear  to  be  most  similar  to  those  of 
Leptopogon.  Conversely,  the  other  three  genera 
included  in  the  sister  clade  to  the  flatbill-tody- 
tyrant  assemblage  ( Pogonotriccus ,  Pseudotriccus, 
Corythopis)  (Ohlson  et  al.  2008)  all  appear  to  build 
non-pendant  nests,  either  on  the  ground  (i.e., 
Corythopis ;  Oniki  and  Willis  1980,  Simon  and 
Pacheco  1996),  or  attached  by  the  back  (i.e., 
Pseudotriccus ;  Greeney  et  al.  2005a,  Greeney 
2006;  and  Pogonotriccus',  this  study). 

Recent  molecular  data  suggest  that  Phyllos- 
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cartes  and  Pogonotriccus  are  closely  related  and 
form  a  sister  clade  to  Mionectes  and  Leptopogon 
(Ohlson  et  al.  2008).  These  four  genera  form  a 
sister  clade  to  a  molecularly  and  morphologically 
well  supported  clade  consisting  of  Pseudotriccus 
and  Corythopis  (Lanyon  1988,  Tello  and  Bates 
2007,  Ohlson  et  al.  2008,  Rheindt  et  al.  2008). 
Differences  in  nest  placement  have  previously 
been  used  to  contest  the  relationship  between 
these  two  genera  (Greeney  et  al.  2005a,  Greeney 
2006)  but,  based  on  characters  examined  below, 
this  casting  of  doubt  may  have  been  premature. 
Considering  the  nest  description  of  Marble-faced 
Bristle  Tyrant  presented  here,  nests  described  for 
related  genera,  and  the  recently  hypothesized 
sister  relationship  pairs  within  this  clade  of 
pipromorphines  (Ohlson  et  al.  2008),  I  used  nest 
attachment  and  structural  components  to  evaluate 
the  value  of  nest  architecture  in  resolving 
phylogenetic  relationships  within  this  group. 

Nest  architecture,  based  on  nest  attachment 
(immobile  or  pendant),  supports  a  close  relationship 
between  Corythopis ,  Pseudotriccus,  and  Pogono¬ 
triccus  with  pendant  nests  uniting  Phylloscartes, 
Leptopogon,  and  Mionectes.  The  majority  of  species 
in  the  “tody-tyrants,  flatbills,  and  allies”  clade 
(Ohlson  et  al.  2008)  build  pendant  nests  (i.e., 
Poecilotriccus :  Cherrie  1916,  Skutch  1960,  Greeney 
et  al.  2005;  Todirostrum :  Todd  and  Carriker  1922, 
Skutch  1960,  Haverschmidt  1968;  Rhynchocyclus : 
Skutch  1960,  Greeney  et  al.  2004;  Lophotriccus : 
Skutch  1967,  Haverschmidt  1968,  Hilty  and  Brown 
1986).  This  suggests  that  non-pendant  nest  con¬ 
struction  may  be  a  synapomorphy  uniting  Corytho¬ 
pis,  Pseudotriccus,  and  Pogonotriccus. 

The  use  of  predominantly  dead  or  dry  material 
unites  Corythopis  (leaves)  and  Leptopogon  (seed 
down,  dry  moss)  if  one  considers  the  general  types 
of  materials  which  constitute  the  outer  portions  of 
nests.  The  use  of  predominantly  green  moss  on  the 
outside  of  nests  would  suggest  closer  relationships 
between  Pseudotriccus,  Mionectes,  and  Pogono¬ 
triccus.  Phylloscartes  appears  variable  in  its  use  of 
nest  materials,  representing  a  continuum  between 
these  two  material  types. 

The  details  of  the  ontogenetic  steps  and  • 
behaviors  associated  with  nest  construction  are 
not  well  known  for  this  group,  but  the  limited 
information  available  suggests  a  third  hypothesis, 
one  which  closely  matches  that  proposed  by 
Ohlson  et  al.  (2008).  Both  Mionectes  and 
Leptopogon  begin  construction  by  draping  mate¬ 
rial  over  an  attachment  point; '  subsequently 


building  a  ball  within  the  resulting  curtain  of 
material  (pers.  obs.).  Similar  to  the  recently 
described  behavior  of  two  furnariids  ( Hellmayrea 
gularis;  Greeney  and  Zyskowski  2008,  and 
Premnoplex  brunnescens',  Greeney  2008),  Pseu¬ 
dotriccus  likely  begins  construction  by  stuffing 
moss  into  existing  gaps  in  the  vegetation  at  the 
attachment  point,  effectively  creating  a  nest  which 
is  part  of  the  substrate  (Greeney  2006,  pers.  obs.). 
The  steps  involved  in  nest  construction  are  not 
well  known  for  Corythopis,  Phylloscartes,  and 
Pogonotriccus.  My  observations  of  P.  ophthalmi¬ 
cus  (this  study),  however,  suggest  that  it  too  may 
be  a  “stuffer.”  Corythopis,  with  a  domed  nest  on 
the  ground,  is  also  more  likely  to  use  methods 
resembling  stuffing  rather  than  draping.  Phyllos¬ 
cartes  is  more  difficult  to  classify,  but  I  suggest  it 
is  a  draper  based  on  sparse  descriptions  from  the 
literature.  "Thus,  using  the  behavioral  innovations 
of  stuffing  and  draping,  nest  architecture  within 
this  group  supports  closer  relationships  between 
Corythopis,  Pseudotriccus,  and  Pogonotriccus 
with  draping  behavior  uniting  Leptopogon,  Mio¬ 
nectes,  and  Phylloscartes. 
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Description  of  the  Nest  and  Eggs  of  the  Black-cheeked  Ant  Tanager 

(. Habia  atrimaxillaris ) 

Luis  Sandoval13  and  Abraham  Gallo1 2 3 


ABSTRACT. — The  Black-cheeked  Ant  Tanager 
{Habia  atrimaxillaris)  is  endemic  to  the  Osa  Peninsula 
on  the  south  Pacific  coast  of  Costa  Rica.  There  is  little 
knowledge  of  the  natural  history  and  especially  the 
reproductive  habits  of  this  species.  We  describe  the  nest 
and  eggs  of  the  Black-cheeked  Ant  Tanager  based  on 
observations  of  three  nests  near  Puerto  Jimenez, 
Puntarenas,  Costa  Rica.  The  nests  and  eggs  were  similar 
to  other  species  of  Habia  supporting  previous  work 
suggesting  relationships  within  Habia.  Received  8 
October  2008.  Accepted  3  February  2009. 


The  five  species  of  ant  tanagers  ( Habia  spp.) 
inhabit  rainforests  (0-1,800  m  above  sea  level), 
throughout  much  of  the  Neotropics.  The  Black¬ 
cheeked  Ant  Tanager  (//.  atrimaxillaris )  has  the 
smallest  distribution  of  the  two  widespread  and 
three  range-restricted  species  (Isler  and  Isler  1987, 
Stotz  et  al.  1996).  It  is  restricted  to  forest  edges 
and  understory  of  primary  and  secondary  forest  in 
the  Osa  Peninsula  on  the  south  Pacific  coast  of 
Costa  Rica  (Isler  and  Isler  1987,  Stiles  and  Skutch 
1989).  This  narrow  distribution  has  led  to  its 
classification  as  an  endangered  species  by  Bird- 
Life  International  (2007),  as  it  is  threatened  by 
deforestation  and  urban  development  in  the  Golfo 
Dulce  area.  The  last  20  years  have  witnessed  a 
reduction  in  habitat  availability  for  this  species 
(Roxero-Bixby  et  al.  2002,  Barrantes  and  Lobo 
2005),  likely  with  negative  impacts  on  population 
size.  Knowledge  about  the  natural  history  of  this 
ant  tanager  is  poor,  and  nothing  is  known  about  its 
reproductive  habits  (Isler  and  Isler  1987,  Stiles 
and  Skutch  1989).  This  lack  of  information  may 
hinder  effective  management  and  conservation. 
We  describe  the  nest  and  eggs  of  the  Black¬ 


1  Escuela  de  Biologla,  Universidad  de  Costa  Rica,  San 
Pedro  de  Montes  de  Oca,  Costa  Rica. 

2  Bosque  del  Rio  Tigre  Lodge,  Puerto  Jimenez,  Puntare¬ 
nas,  Costa  Rica. 

3  Corresponding  author;  e,-mail: 
biosandoval@hotmail.com 


cheeked  Ant  Tanager  based  on  observations  of 
three  nests  near  Puerto  Jimenez,  Puntarenas, 
Costa  Rica. 

METHODS 

Our  study  area  was  mature  secondary  forest  at 
Bosque  del  Rio  Tigre  Lodge  (BRTL)  and  Rio 
Pizote  (08a  31'  N,  83°  24'  W),  Puerto  Jimenez, 
Puntarenas,  at  an  elevation  of  130  m.  The  habitat 
in  the  area  is  tropical  wet  forest,  characterized  by 
a  canopy  30^40  m  in  height,  where  common  tree 
species  include  Pterygota  excelsa  (Sterculiaceae), 
Schyzolobium  parahyba  (Caesalpinaceae),  Brossi- 
mum  utile  (Moraceae),  Ochroma  lagopus  (Bom- 
bacaceae),  Goethalsia  meiantha,  and  Trichosper- 
mum  meiantha  (Tiliaceae).  The  open  understory 
includes  abundant  Heliconia  spp.  (Heliconaceae), 
Psycotria  spp.  (Rubiaceae),  Calathea  spp.  (Mar- 
antaceae),  and  several  species  of  palms  (Cyclan- 
taceae  and  Arecaceae). 

We  made  daily  observations  from  January  to 
April  2007  at  BRTL  and  once  a  week  at  Rio 
Pizote  from  January  to  March  2007.  Our  nest 
descriptions  are  based  on  three  nests,  two  of 
which  were  collected.  We  measured  the  inner 
diameter  and  depth  at  each  nest  collected  with 
callipers.  Two  eggs  were  measured  at  one  nest 
and  the  eggshells  were  collected  after  depreda¬ 
tion.  All  collected  samples  were  deposited  at 
Museo  de  Zoologia,  Escuela  de  Biologia,  Uni¬ 
versidad  de  Costa  Rica. 

RESULTS 

Nesting  Season. — We  observed  two  adult 
Black-cheeked  Ant  Tanagers  carrying  vegetation 
fibers  into  a  nest  on  28  January  2007.  The  nest 
appeared  nearly  complete  and  was  68  cm  above 
ground  level  in  a  Melastomataceae  shrub  in  an 
area  of  open  understory  at  the  edge  of  secondary 
forest  at  BRTL.  The  nest  contained  two  eggs  on  4 
February.  A  second,  completely  finished  nest  was 
found  by  E.  Vargas,  G.  Flores,  and  P.  Elizondo  on 
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3  February  2007,  1.5  m  from  the  Pizote  River 
bank  in  young  secondary  forest.  The  nest  was 
between  the  leaves  in  the  top  of  a  Clavija  sp. 
(Theophrastaceae)  shrub,  2  m  above  ground  level. 
This  nest  was  destroyed  2  days  later,  probably  by 
a  mammal.  The  third  nest  was  found  on  15 
February  2007  at  the  top  of  a  creek  bank  inside  a 
riverside  secondary  forest  at  BRTL.  The  nest  was 
embedded  between  the  topmost  leaves  of  a 
Dieffenbachia  sp.  (Araceae)  plant,  50  cm  above 
ground  level  and  contained  two  eggs  on  20 
February.  The  nest  held  two  nestlings  on  6  March, 
which  we  found  dead  one  week  later.  We  also 
observed  a  pair  of  ant  tanagers  carrying  palm 
fibers  on  16  February  2007  in  old  secondary  forest 
at  BRTL  but,  despite  exhaustive  searching,  we 
were  unable  to  locate  the  nest. 

Nest  Description. — Nests  were  supported  at  the 
bottom  and  sides  by  branches  or  leaf  petioles 
without  being  woven  around  the  support  struc¬ 
tures.  Nests  were  bulky,  open  cups  built  of  three 
layers  (Fig.  1).  The  exterior  layer  was  thickest, 
composed  of  large  dead  leaves  (e.g.,  Melastoma- 
taceae,  Heliconia  sp.,  and  ferns)  and  parts  of  twigs 
and  vines.  The  thickest  layer  was  71  mm  at  the 
widest  part,  which  made  the  nest  look  like  a  group 
of  dead  leaves.  The  middle  layer  was  composed  of 
thinner  dry  twigs  and  vines  similar  to  those  used 
in  the  exterior  layer,  and  grasses.  The  inner  layer 
was  composed  solely  of  black  fungal  rhizo- 
morphs.  The  nest  ( n  .=  2)  cup  depths  were  31 
and  20  mm,  and  thfe  inner  cup  diameters  were 
65.5  X  71.0  and  64.6  X  70.7  mm,  respectively. 
Nest  height  ( n  =  3)  placement  varied  from  50  cm 
to  2  m  (1.06  ±  0.82  cm,  x  ±  SD),  and  nests  were 
near  the  top  of  the  supporting  plant. 

Eggs. — Both  eggs  were  immaculate  white,  and 
slightly  transparent  when  fresh.  Measurements  of 
the  two  eggs  were  26.05  X  18.89  and  26.57  X 
18.94  mm.  .  . 

DISCUSSION 

The  breeding  season  for  this  species,  based  in 
our  observations  and  those  of  Stiles  and  Skutch 
(1989),  lasts  from  mid  January  to  May  during  the 
dry  season  and  the  beginning  of  the  rainy  season- 
in  this  area.  The  nest  of  the  Black-cheeked  Ant 
Tanager  is  more  similar  to  those  of  Red-throated 
{H.  fuscicauda)  and  Sooty  (H.  gutturalis)  ant 
tanagers,  which  are  a  thick,  bulky  cup  (Willis 
1961,  Stiles  and  Skutch  1989).  The  nest  is 
dissimilar  to  that  of  the  Red-crowned  Ant  Tanger 
(H.  rubica ),  which  is  described  as  a  thin  and 


FIG.  1.  Nest  of  Black-cheeked  Ant  Tanager  ( Habia 
atrimaxillaris),  4  February  2007  at  Bosque  del  Ri'o  Tigre 
Lodge,  Puerto  Jimenez,  Costa  Rica.  (Sketch  by 
Luis  Sandoval). 

shallow  cup  (Skutch  1954,  Willis  1961,  Stiles  and 
Skutch  1989).  The  all  white  eggs  we  observed  are 
more  similar  to  those  described  for  the  Red- 
throated  Ant  Tanager  (Willis  1972,  Stiles  and 
Skutch  1989),  but  unlike  the  spotted  eggs 
described  for  Red-crowned  and  Sooty  ant  tanagers 
(Isler  and  Isler  1987,  Stiles  and  Skutch  1989). 
This  observation  is  congruent  with  the  suggestion 
by  Willis  (1972)  that  Black-cheeked,  Red-throat¬ 
ed,  and  Sooty  ant  tanagers  are  closely  related.  The 
Black-cheeked  and  Red-throated  are  also  closely 
related  based  on  shared  morphological  characters. 
If  these  relationships  are  correct,  biogeographi- 
cally  they  would  also  agree  with  the  sister 
relationships  found  between  other  endemic  spe¬ 
cies  of  the  Costa  Rican  Pacific  rainforest  in  the 
Caribbean  rainforest  zone.  For  example,  Cherrie’s 
and  Passerini’s  tanagers  ( Ramphocelus  costarri- 
censis  and  R.  passerini:  Hackett  1996),  Charming 
and  Blue-chested  hummingbirds  (Amazilia  decora 
and  A.  amabilis ;  Stiles  and  Skutch  1989),  Black- 
hooded  and  Western  Slaty  antshrikes  ( Thamno - 
philus  bridgesi  and  T.  atrinucha;  Brumfield  and 
Edwards  2007),  and  Orange-collared  and  White- 
collared  manakins  ( Manacus  aurantiacus  and  M. 
candei;  Brumfield  and  Braun  2001). 

Nest  placement  (e.g.,  branch  forks  and  leaf 
petioles)  by  Black-cheeked  Ant  Tanagers  was 
similar  to  other  Habia  ant  tangers  (Isler  and  Isler 
1987,  Stiles  and  Skutch  1989).  Of  the  three  nests 
we  found,  one  was  physically  damaged,  possibly 
by  mammalian  predators  (Davison  and  Bollinger 
2000).  There  was  no  visible  damage  in  two  nests, 
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a  pattern  more  consistent  with  reptilian  predation 
(Robinson  et  al.  2005a,  b).  All  nests  found  were  in 
disturbed  habitats  (e.g.,  forest  edges,  secondary 
forest)  indicating  apparent  habitat  preferences  of 
Black-cheecked  Ant  Tanagers.  There  is  some 
evidence  that  edge  and  secondary  forest  have 
higher  rates  of  nest  predation  (Tewksbury  et  al. 
2006).  Further  study  is  needed  to  learn  how  or  if 
habitat  selection  affects  abundance  and  reproduc¬ 
tive  success,  and  to  plan  strategies  for  conserva¬ 
tion  of  this  endangered  species. 
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Adoption  in  Rock  and  White-tailed  Ptarmigan 
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ABSTRACT. — Reports  of  adoption  in  birds  are 
widespread,  but  few  studies  report  rates  of  adoption  or 
possible  mechanisms  for  this  phenomenon,  particularly 
in  the  Order  Galliformes.  We  report  incidents  of 
adoption  in  Rock  Ptarmigan  ( Lagopus  muta )  and 
White-tailed  Ptarmigan  (L.  leucura)  from  two  sites  in 
western  Canada.  Adoption  rates  for  White-tailed 
Ptarmigan  on  Vancouver  Island,  British  Columbia, 
and  the  Ruby  Ranges,  Yukon  Territory  were  13%  ( n 
=  16  broods)  and  4%  ( n  =  27),  respectively,  while  rates 
for  Rock  Ptarmigan  were  14%  ( n  =  29)  in  the  Ruby 
Ranges.  Low  brood  densities  may  result  in  lower  rates 
of  adoption  for  ptarmigan.  Received  15  February  2008. 
Accepted  24  February  2009. 


Adoption  is  one  of  four  categories  of  brood 
amalgamation  in  which  successful  breeding  indi¬ 
viduals  accept  and  care  for  additional  young  in 
their  brood  (Eadie  et  al.  1988,  Kalmbach  2006). 
Adoption,  for  chicks,  is  a  way  to  receive  parental 
care  after  they  have  been  abandoned  or  separated 
from  their  biological  parents  (Bustnes  and  Erik- 
stad  1991).  Chicks  may  also  seek  out  foster 
parents  when  the  level  of  care  from  the  original 
parents  is  insufficient  (Pierotti  and  Murphy  1987). 
Adoption  may  represent  an  intergenerational 
conflict  where  chicks  benefit  at  the  expense  of 
adopters  through  additional  predation  risks  to 
adults  and  energetic  expenses  from  protecting 
larger  broods  (Pierotti  and  Murphy  1987,  Wil¬ 
liams  1994,  Brown  1998).  It  may  be  difficult  for 
parents  to  distinguish  filial  from  foreign  young  in 
species  with  poor  parent-young  recognition  and 
parents  may  have  no  means  of  avoiding  these 
costs  (Eadie  et  al.  1988,  Nastase  and  Sherry  1997, 


!  Department  of  Biological  Sciences,  University  of 
Alberta,  Edmonton,  AB  T6G  2E9,  Canada. 

2U.S.  Geological  Survey,  Fort  Collins  Science  Center,' 
2150  Centre  Avenue,  Building  C,  Fort  Collins,  CO  80526, 
USA. 

3  Smithsonian  Migratory  Bird  Center,  National  Zoolo¬ 
gical  Park,  Washington  D.C.,  20008,  USA. 

4  Centre  for  Applied  Conservation  Research,  Forest 
Sciences  Centre,  University  of  British  Columbia,  Vancou¬ 
ver,  BC  V6T  1Z4,  Canada. 

5  Corresponding  author;  e-mail:  mmwongl@ualberta.ca 


Kalmbach  2006).  Adoption  may  also  benefit 
adopters  by  increasing  predator  detection  (Eadie 
et  al.  1988,  Bustnes  and  Erikstad  1991,  Larsson  et 
al.  1995),  diluting  the  number  of  young  exposed 
to  predation  (Eadie  et  al.  1988)  or  exposing 
unrelated  young  to  greater  predation  risk  at  the 
perimeter  of  the  brood,  also  known  as  the  ‘selfish 
herd’  effect  (Hamilton  1971,  Nastase  and  Sherry 
1997). 

The  rate  of  adoption  within  a  species  can  be 
influenced  by  breeding  density,  hatching  synchro¬ 
ny,  territorial  systems,  and  mobility  of  young 
(Eadie  et  al.  1988).  Colonial  nesting  birds 
characteristically  have  high  adoption  rates,  likely 
because  of  high  breeding  densities  and  synchro¬ 
nous  hatching  (Eadie  et  al.  1988,  Nastase. and 
Sherry  1997).  Species  with  precocial  young  may 
have  high  rates  of  adoption  because  of  increased 
probability  of  brood  mixing  and  lower  assumed 
costs  of  parental  care  compared  to  altricial 
species.  Adoption  may  be  common  in  Galli¬ 
formes,  which  are  characterized  by  precocial 
young  and  lack  of  territoriality  by  females  after 
hatch;  there  are  only  a  few  reports  of  adoption 
C Bonasa  umbellus :  Maxson  1978;  Callipepla 
gambelii :  Brown  et  al.  1998;  Meleagris  gallopavo 
intermedia'.  Metz  et  al.  2006;  M.  g.  merriami: 
Mills  and  Rumble  1991).  Brood  shuffling  has 
been  reported  previously  for  White-tailed  Ptarmi¬ 
gan  ( Lagopus  leucura)  and  occurs  beyond  5- 
7  weeks  after  hatch  when  young  can  fly  and  are 
more  independent.  However,  adoption  occurs 
when  young  are  much  more  dependent  on  adults 
during  the  early  brood-rearing  period  (e.-g., 
<4  weeks  of  age)  and  appears  to  be  uncommon 
(Braun  1969,  Schmidt  1969,  Schmidt  1988). 

We  examined  adoption  early  in  the  brood¬ 
rearing  period  for  two  closely  related  species, 
Rock  Ptarmigan  ( L .  muta)  and  White-tailed 
Ptarmigan,  at  two  sites  in  western  Canada.  Our 
objectives  were  to  calculate  adoption  rates  at  these 
sites  using  untagged  chicks,  and  compare  these 
rates  to  other  galliform  species  as  well  as  other 
avian  taxa.  Both  species  of  ptarmigan  nest  at 
relatively  low  densities  compared  to  other  preco¬ 
cial  taxa,  and  we  expected  low  rates  of  adoption 
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for  Rock  and  White-tailed  ptarmigan  compared  to 
other  species  with  precocial  young. 

METHODS 

Observations  of  adoption  by  ptarmigan  were 
made  during  the  breeding  period  at  two  sites  in 
western  Canada.  The  first  site,  studied  in  2003  and 
2004,  was  10  km2  at  Mt.  Albert  Edward  in 
Strathcona  Provincial  Park  (49°  40'  N,  125°  25' 
W;  Fedy  et  al.  2008),  Vancouver  Island,  British 
Columbia.  Mt.  Albert  Edward  has  the  highest 
density  of  ptarmigan  on  Vancouver  Island  (Martin 
et  al.  2004)  and  we  only  observed  adoption  at  this 
site.  The  second  site  (9  km2)  was  in  the  Ruby 
Ranges,  Yukon  Territory  (61°  13'  N,  138°  16'  W; 
Wilson  and  Martin  2008)  where  studies  were 
conducted  from  2004  to  2007. 

Methods  used  were  similar  for  both  sites  and 
involved  monitoring  ptarmigan  nests  and  broods 
throughout  the  breeding  period.  Females  were 
caught  with  ground  nets  or  noose  poles  (Zwickel 
and  Bendell  1967)  and  fitted  with  4  or  7  g  radio 
transmitters  (Holohil  Inc.,  Carp,  ON,  Canada)  to 
facilitate  locating  and  monitoring  nests  and 
broods.  We  monitored  nests  every  2-5  days  until 
failure  or  hatch  and  followed  survival  of  the 
subsequent  broods  for  3-5  weeks  post-hatch. 
Broods  were  re-observed  every  3-5  days  for  10- 
15  min,  and  flush  counts  were  used  to  count  the 
number  of  chicks  present  at  the  Ruby  Range  site. 
Re-observations  of  broods  on  Vancouver  Island 
were  every  10-21  days,  but  observations  lasted 
3  hrs;  confirming  brood  integrity.  Adoption  rates 
were  calculated  by  counting  the  number  of 
adoption  events  of  individual  broods.  We  assigned 
adoption  based  on  cases  where  a  brood  was  larger 
than  the  known  clutch  size  or  previous  chick 
count.  This  criteria  was  supported  with  at  least 
two  observations  of  each  brood.  It  is  possible  that 
within  a  brood,  a  chick  that  died  may  be  replaced 
with  an  adopted  chick  of  similar  age  and  size,  and 
our  results  should  be  considered  minimum 
adoption  rates.  We  also  examined  the  ratio  of 
adopted  chicks  to  the  total  number  of  hatched 
chicks  known  to  have  been  from  specific  clutches. 

OBSERVATIONS 

Vancouver  Island. — W e  observed  two  incidents 
of  adoption  in  16  broods  (13%)  at  Mt.  Albert 
Edward  with  12  of  91  (13%)  chicks  being  adopted 
in  those  two  events.  On  22  July  2003,  WTPT 
D0877  was  first  located  at  day  7  with  five  chicks 
and  was  re-observed  at  day  28  with  15  chicks. 


White-tailed  Ptarmigan  typically  lay  five  to  eight 
eggs  and  will  not  raise  multiple  successful  broods 
(Braun  et  al.  1993);  we  assumed  the  additional 
chicks  were  adopted.  In  the  second  case,  a  nest 
with  a  clutch  of  five  eggs  was  observed  hatching 
on  10  July  2003  and  the  female  was  observed  with 
a  brood  of  seven  chicks  on  23  July. 

Ruby  Ranges,  Yukon. — We  recorded  29  suc¬ 
cessful  broods  of  Rock  Ptarmigan  and  27  broods 
of  White-tailed  Ptarmigan  in  the  Ruby  Ranges 
between  2004  and  2007.  Of  these  broods,  four 
Rock  Ptarmigan  hens  (14%)  and  one  White-tailed 
Ptarmigan  hen  (4%)  adopted  additional  young. 
Three  of  four  Rock  Ptarmigan  adoptions  occurred 
in  2005  with  two  females  adopting  two  chicks  and 
one  female  accepting  three  chicks.  Across  all 
years,  eight  of  151  (5%)  Rock  Ptarmigan  chicks 
and  one  of  131  (1%)  White-tailed  Ptarmigan 
chicks  were  adopted. 

We  witnessed  one  adoption  event  for  a  White¬ 
tailed  Ptarmigan  in  2006.  Seven  chicks  left  the 
nest  on  8  July  2006,  but  by  24  July  the  hen  had 
lost  two  due  to  unknown  causes.  On  28  July,  the 
female  was  seen  with  six  chicks  and  was  observed 
chasing  and  pecking  the  head  of  one  of  the  young, 
which  was  slightly  larger  and  likely  older  than  the 
other  chicks.  On  10  August,  this  female  was 
accompanied  by  six  chicks  and  we  assume  she 
eventually  adopted  the  older  chick.  , 

DISCUSSION 

Our  reported  adoption  rates  (%  broods  with 
adopted  chicks)  for  White-tailed  Ptarmigan  (13%, 
n  =  16,  Vancouver  Island;  4%,  n  =  27,  Ruby 
Ranges)  and  Rock  Ptarmigan  (14%,  n  =  29)  were 
lower  than  those  observed  in  two  prior  studies  of 
adoption  among  Galliformes.  DeMaso  et  al. 
(1997)  observed  rates  of  17%  in  Oklahoma  for 
Northern  Bobwhites  ( Colinus  virginianus),  while 
Faircloth  et  al.  (2005)  reported  minimum  rates  of 
21%  for  10-12  day  old  bob  white  chicks  in 
Florida.  Northern  Bobwhites  typically  nest  at 
higher  densities  than  ptarmigan  which  may 
explain  the  tendency  for  higher  rates  of  adoption 
for  that  species  (Brennan  1999). 

Adoption  has  been  well  documented  in  other 
avian  taxa  including  shorebirds  and  seabirds,  but 
waterfowl  provide  a  good  comparison  to  Galli¬ 
formes  as  they  also  produce  precocial  young. 
Rates  of  adoption  among  waterfowl  are  variable; 
35%  for  Canada  Geese  ( Branta  canadensis ; 
Nastase  and  Sherry  1997),  27%  for  Common 
Eider  ( Somateria  mollissima\  Bustnes  and  Erik- 
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stad  1991),  and  13%  for  Lesser  Snow  Geese 
(Chen  caerulescens  caerulescens ;  Williams  1994). 
There  is  also  variability  within  species  as 
Choudhury  et  al.  (1993)  calculated  an  adoption 
rate  of  18%  for  Barnacle  Geese  ( Branta  leucop- 
sis),  while  Larsson  et  al.  (1995)  reported  a  rate  of 
27%.  Some  of  the  adoption  rates  reported  for 
waterfowl  are  similar  to  those  observed  for 
ptarmigan,  but  rates  are  quite  variable  from  year 
to  year.  Thus,  a  short-term  study  may  over  or 
underestimate  the  true  adoption  rate  of  a  species, 
but  adoption  appears  to  be  more  prevalent  for 
waterfowl  than  Galliformes. 

We  suggest  that  lower  adoption  rates  for  White¬ 
tailed  and  Rock  ptarmigan  compared  to  other 
Galliformes  and  waterfowl  may  be  due  to  lower 
nesting  densities.  Opportunities  for  brood  mixing, 
despite  these  low  densities,  may  arise  in  commu¬ 
nal  brood  ranges  where  encounter  rates  increase 
and  hens  respond  to  distress  calls  of  unfamiliar 
chicks  (Schmidt  1988).  We  observed  two  broods 
foraging  in  close  proximity  on  Vancouver  Island, 
but  they  remained  as  independent  family  units. 
We  observed  a  female  White-tailed  Ptarmigan 
pecking  the  crown  of  a  chick  in  the  Ruby  Ranges. 
This  female  apparently  accepted  the  chick, 
suggesting  that  some  parent-young  recognition 
may  exist  in  ptarmigan,  but  it  may  not  be 
sufficient  to  prevent  adoption.  We  suggest  that 
high  chick  mobility  and  weak  recognition  systems 
increase  encounter  rates  and  brood  mixing,  which 
facilitates  adoption  in  low  density  ptarmigan 
populations. 
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Low  Prevalence  of  Trichomonas  gallinae  in  Urban  and  Migratory  Cooper’s 
Hawks  in  Northcentral  North  America 

Robert  N.  Rosenfield,1’6  Stephen  J.  Taft,1  William  E.  Stout,2  Timothy  G.  Driscoll,3 
David  L.  Evans,4  and  Michael  A.  Bozek5 


ABSTRACT. — Trichomoniasis  is  a  digestive  tract 
disease  caused  by  ingestion  of  the  protozoan  Tricho¬ 
monas  gallinae.  This  disease  can  be  a  significant  source 
of  mortality.  No  deaths  of  nestlings  could  be  attributed 
to  trichomoniasis  in  Cooper’s  Hawks  ( Accipiter  coop- 
erii)  breeding  in  urban  and  rural  environs  in  Wisconsin, 
North  Dakota,  and  British  Columbia.  We  detected  T. 
gallinae  in  four  (5.2%)  of  77  nestling  Cooper’s  Hawks 
during  2006  and  2007  among  42  urban  nests  on  new 
study  areas  in  southeast  Wisconsin  and  eastern  North 
Dakota/westem  Minnesota.  All  four  infected  young 
fledged.  We  did  not  detect  T.  gallinae  in  52  breeding 
adult  Cooper’s  Hawks  on  two  urban  study  sites,  nor  in 
28  migrant  hatching  year  ( n  =  24)  and  adult  ( n  =  4) 
Cooper’s  Hawks  at  Hawk  Ridge  Bird  Observatory, 
Duluth,  Minnesota  in  2006-2007.  Overall,  we  detected 
T.  gallinae  in  only  2.5%  of  157  Cooper’s  Hawks  in 
northcentral  North  America.  These  results  suggest  a  low 
prevalence  of  T.  gallinae  in  Cooper’s  Hawks  in  the 
northern  part  of  this  hawk’s  breeding  range.  Received  8 
November  2008.  Accepted  8  March  2009. 


Trichomoniasis  is  an  upper  digestive  tract 
disease  in  birds  resulting  from  ingestion  of  the 
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protozoan  Trichomonas  gallinae.  T.  gallinae 
occurred  in  85%  of  nestlings  examined  and 
~40%  of  young  in  an  urban  breeding  population 
of  Cooper’s  Hawks  ( Accipiter  cooperii )  in  Tuc¬ 
son,  Arizona  died  from  trichomoniasis  (Boal  et  al. 
1998).  Urban  Cooper’s  Hawks  in  Wisconsin  and 
British  Columbia  exhibited  a  markedly  lower 
prevalence  (5.6%  infection)  in  nestlings  with  no 
deaths  attributable  to  trichomoniasis  (Rosenfield 
et  al.  2002).  There  is  little  information  on  the 
prevalence  of  T.  gallinae  in  populations  of  this  or 
other  raptor  species  in  either  urban  or  rural 
environs  (Rosenfield  et  al.  2002,  Squires  and 
Kennedy  2006).  To  our  knowledge  only  one  study 
has  investigated  the  prevalence  of  T.  gallinae  in 
adult  breeding  Cooper’s  Hawks  (Boal  et  al.  1998), 
and  there  are  no  reports  of  the  prevalence  of  T. 
gallinae  in  migrant  individuals. 

We  examined  nestlings  and  adults  at  previously 
unsampled  sites  in  metropolitan  Milwaukee  in 
southeast  Wisconsin,  and  in  Grand  Forks  in 
eastern  North  Dakota  and  its  abutting  municipal¬ 
ity  of  East  Grand  Forks  in  western  Minnesota.  We 
also  sampled  for  T.  gallinae  in  hatching-year  and 
adult  Cooper’s  Hawks  migrating  through  Hawk 
Ridge  Bird  Observatory  in  Duluth,  Minnesota. 

METHODS 

Study  Area. — The  study  area  included  the  city 
of  Grand  Forks  in  eastern  North  Dakota,  and  the 
adjoining  city  of  East  Grand  Forks,  Minnesota 
(47°  N,  91°  W),  treated  as  one  site  (Grand  Forks) 
covering  62  km2.  This  urban  environment  includ- 
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ed  deciduous  trees,  especially  green  ash  ( Fraxinus 
pensylvanica),  American  elm  ( Ulmus  americana), 
and  boxelder  ( Acer  negundo)  in  boulevard, 
backyard,  and  cemetery  settings  surrounded  by 
intensive  agriculture  and  grasslands  with  few 
trees.  The  southeastern  Wisconsin  study  area 
covered  1,000  km2  in  metropolitan  Milwaukee 
(43°  N,  88°  W),  including  the  city  of  Milwaukee 
(251  km2).  The  Milwaukee  study  area  had  the 
same  deciduous  trees  (plus  oaks  [Quercus  spp.]) 
as  the  Grand  Forks  site,  but  landscape  composi¬ 
tion  included  high  intensity  urban  as  well  as  lower 
intensity  suburban  and  semi-rural  land  uses  (Stout 
et  al.  2007).  The  Hawk  Ridge  study  area  was  in 
boreal  forest  at  the  western  end  of  Lake  Superior 
in  Duluth,  Minnesota  (49°  N,  92°  W).  This  is  a 
well  known  concentration  point  for  autumnal 
migrant  accipiters  that  probably  originate  from 
northern  Minnesota  and  interior  Canada  (Evans 
and  Rosenfield  1985,  Rosenfield  and  Bielefeldt 
1993a). 

We  found  Cooper’s  Hawk  nests  via  intensive 
foot  and  roadside  searches  in  late  March-early 
May  during  pre-incubation  and  early  incubation 
stages  (Rosenfield  et  al.  2007,  Stout  et  al.  2007). 
Oral  swabs  were  taken  randomly  when  possible 
from  two  nestlings  (one  of  either  gender)  at  each 
nest  at  time  of  banding.  Average  age  of  young  at 
banding  was  17  days  (range  =  10-24  days).  We 
obtained  survival  and  fledging  data  of  some 
examined  young  when  we  returned  to  nests 
opportunistically  for  other  purposes.  Breeding 
adults  were  trapped  near  nests  in  mist  nets  using 
a  live  Great  Homed  Owl  ( Bubo  virginianus)  as  a 
decoy  during  the  nestling  and  fledglipg  stages 
(Rosenfield  and  Bielefeldt  1993b).  Fall  migrant 
Cooper’s  Hawks  were  trapped  in  mist  nets  or,  bow. 
nets  (Rosenfield  and  Evans  1980)  and  swabbed 
for  trichomonads  during  September  through  mid- 
October  at  Hawk  Ridge.  Breeding  and  migrant 
Cooper’s  hawks  were  classified  to  age  following 
Rosenfield  and  Bielefeldt  (1997):  SY  (second 
year  [yearling])  and  HY  (hatching  year)  birds  had 
brown  plumage,  although  the  former  also  have 
some  gray  feathers;  birds  of  unknown  age  were 
ASY  (after  second  year)  with  two  generations  of 
gray  feathers  upon  initial  capture;  recaptures  of 
these  individuals  are  designated  A3Y,  A4Y,  etc. 
in  subsequent  years.  Nesting  adults  of  known  age 
other  than  SY  were  originally  banded  as  nestlings. 

Collection,  laboratory  preparation,  and'exami- 
nation  for  presence  of  T.  gaUinae  from  oral  swabs 
follow  Boal  et  al.  (1998)  and  Rosenfield  et  al. 


(2002).  All  samples  were  re-examined  4  days 
after  initial  testing  for  T.  gallinae  if  it  was  not 
detected  in  the  first  screening.  We  assumed 
trichomonads  were  absent  if  undetected  after 
4  days.  We  tested  samples  again  at  7  days  to 
reaffirm  the  presence  of  T.  gallinae  if  trichomo¬ 
nads  were  found  in  earlier  screening.  All  samples 
that  held  living  trichomonads  on  days  1  or  4  still 
held  living  T.  gallinae  on  day  7. 

RESULTS 

We  detected  T.  gallinae  in  only  four  nestlings 
(5.2%)  at  three  nests  (7%)  among  77  nestlings  (40 
males,  37  females)  at  42  urban  nests  (17  and  25  in 
the  Grand  Forks  and  Milwaukee  study  areas, 
respectively)  (Table  1).  Detections  of  T.  gallinae 
were  from  two  male  nestlings  at  one  nest  in  Grand 
Forks  during  2006  and  from  one  male  and  one 
female  at  separate  nests  in  Milwaukee  during 
2007.  Seventeen  (100%)  of  17  young  examined 
for  T.  gallinae  and  later  checked  for  survival 
fledged  from  nine  Grand  Forks  nests  in  2006  and 
2007,  and  30  (88%)  of  34  nestlings  examined  for 
parasites  and  later  checked  for  survival  at  17  nests 
in  Milwaukee  were  still  alive  1-2  weeks  after 
examination.  All  four  infected  young  fledged. 

We  did  not  detect  trichomonads  in  12  breeding 
adult  Cooper’s  Hawks  (4  males,  8  females)  of  SY 
and  ASY  ages  at  nine  nests  during  2007  in  the 
Grand  Forks  study  area,  nor  in  40  breeding  adult 
Cooper’s  Hawks  (19  males,  21  females)  of  SY 
and  ASY-7Y  ages  at  24  nests  in  Milwaukee  in 
2007  (Table  1).  We  did  not  detect  T.  gallinae  in 
28  migrant  Cooper's  Hawks  (8  males,  20  females) 
of  HY,  SY,  or  ASY  ages  at  Hawk  Ridge  during 
2006  and  2007  (Table  1).  We  detected  trichomo¬ 
nads,  in  only  four  (2.5%)  of  a  combined  total  of 
157  urban  nestlings,  breeding  adults,  and  migrant 
Cooper’s  Hawks  (Table  1).  - 

DISCUSSION  ■ 

The  prevalence  of  T.  gallinae  in  raptor 
populations  in  general,  or  in  either  urban  or  rural 
populations  of  Cooper’s  Hawks  is  mostly  un¬ 
known  (Rosenfield  et  al.  2002,  Squires  and 
Kennedy  2006,  Stout  et  al.  2007).  Prevalence  of 
infection  by  T.  gallinae  was  5.2%  of  77  nestling 
Cooper’s  Hawks  in  two  urban  study  areas  in  this 
study.  None  of  52  breeding  adult  Cooper’s  Hawks 
tested  positive  for  trichomonads  in  the  same  urban 
study  areas  in  Grand  Forks  and  Milwaukee.  Only 
one  (1%)  of  89  breeding  adult  Cooper’s  Hawks  at 
both  urban  and  rural  nests  in  southeastern  Arizona 
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TABLE  1.  Number  of  Cooper’s  Hawks  examined  for  Trichomonas  gallinae  by  age°  and  gender  at  urban  nests  in  Grand 
Forks  (North  Dakota/Minnesota),  Milwaukee  (Wisconsin),  and  autumnal  migrants  at  Hawk  Ridge  (Minnesota)  study  areas. 
Numbers  in  parentheses  are  individuals  that  tested  positive  for  the  parasite. 

Grand  Forks 

Milwaukee 

Hawk  Ridge 

2006 

2007 

2007 

2006  2007 

M  F 

M 

F 

M 

F 

M  F  M 

F 

Nestlings  9  (2)  12 

3 

4 

28  (1) 

21  (1) 

HY 

4  7  4 

9 

SY 

2 

2 

1 

ASY 

4 

6 

19b 

19c 

1 

2 

3  HY,  SY,  and  ASY  =  hatching  year,  second  year  (yearling),  and  after  second  year  (^2  years  old),  respectively. 
b  Includes  one  A3Y,  one  5Y,  and  two  A5Y  males. 

c  Includes  four  A3Y,  one  4Y,  one  A4Y,  two  A5Y,  one  6Y,  and  one  7Y  female(s). 


tested  positive  for  T.  gallinae  (Boal  et  al.  1998).  T. 
gallinae  was  also  undetected  in  28  migrant 
Cooper’s  Hawks  of  various  ages  at  Hawk  Ridge 
in  this  study.  We  detected  T.  gallinae  in  only 
2.5%  of  157  Cooper’s  Hawks  of  all  ages  in 
combined  study  areas. 

Regional  or  temporal  rates  of  T.  gallinae 
infection  in  columbids  (Family  Columbidae,  a 
common  prey  group  for  Cooper’s  Hawks)  are 
unknown.  We  earlier  suggested  a  low  prevalence 
of  trichomonads  in  Cooper’s  Hawks  may  be 
attributed  to  the  relatively  small  proportion  of 
columbid  prey  in  their  diet  (Rosenfield  et  al. 
2002).  We  do  not  know  the  proportion  of 
columbids  in  nestling  or  breeding  adult  diets  of 
Cooper’s  Hawks  except  for  2007  in  the  urban 
Grand  Forks  area,  or  the  proportion  of  this  prey  in 
the  diets  of  migrant  individuals.  Rock  Pigeon 
(Columba  livia ),  Mourning  Dove  ( Zenaida  macro- 
ura),  and  Eurasian  Collared  Dove  ( Streptopelia 
decaocto)  collectively  comprised  14%  of  all  prey 
items  in  a  large  sample  of  prey  items  ( n  =  199) 
collected  at  or  near  Cooper’s  Hawk  nests  (n  =  15) 
in  Grand  Forks  in  2007  (TGD,  unpubl.  data).  This 
value  is  much  lower  than  the  proportion  (57%)  of 
columbids  in  the  diet  of  nestling  Cooper’s  Hawks 
in  Tucson,  Arizona  (Estes  and  Mannan  2003). 
Detection  of  T.  gallinae  in  5.2%  of  77  urban 
nestlings  is  virtually  the  same  as  prevalence 
(5.6%)  in  54  urban  nestlings,  and  slightly  higher 
than  prevalence  (2.7%)  in  a  combined  total  of  1 10 
rural  and  urban  nestlings  in  an  earlier  study 
(Rosenfield  et  al.  2002).  The  results  of  the  earlier 
investigation,  coupled  with  the  infection  rate  of 
only  2.5%  in  a  combined  total  of  157  birds  of  all 
ages  suggests  a  low  prevalence  of  T.  gallinae  in 
Cooper’s  Hawks  in  both  urban  and  rural  environs 
of  the  northern  part  of  this  species’  breeding 


range.  Our  long-term  investigations  on  the 
ecology  of  Cooper’s  Hawks  in  both  urban  and 
rural  study  sites  in  Wisconsin,  North  Dakota, 
Minnesota,  and  British  Columbia  have  shown 
some  of  the  highest  reproductive  indices  for  the 
species  (Rosenfield  et  al.  2000,  2007;  Stout  et  al. 
2007),  and  no  evidence  of  mortality  due  to 
trichomoniasis. 
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Observation  of  Daytime  Sleep-like  Behavior  in  a  Migratory  Songbird 

during  Stopover 

Zoltan  Nemeth 


ABSTRACT. — Nocturnal  migration  is  accompanied 
by  sleep  loss  likely  dependent  upon  the  length  of  the 
migratory  flight.  Migrants  may  minimize  the  effect  of 
sleep  deficit  by  inserting  brief  naps  into  their  daytime 
activities.  On  25  April  2006,  I  observed  daytime  sleep¬ 
like  behavior  by  a  radio-marked  male  Hooded  Warbler 
(Wilsonia  citrina)  at  a  coastal  stopover  site  in  south¬ 
western  Louisiana.  The  bird  likely  completed  a  flight 
across  the  Gulf  of  Mexico  a  few  hours  before  the 
observation  and  departed  from  the  stopover  site  the 
evening  of  the  day  of  arrival.  To  my  knowledge,  this  is 
the  first  reported  field  observation  of  daytime  sleep 
behavior  in  a  neotropical  landbird  migrant.  The 
behavior  exhibited  in  the  field  was  consistent  with, 
behavioral  characteristics  of  daytime  sleep  observed  in 
captive  migrants.  Received  7  November  2008.  Accepted 
14  March  2009. 


Nocturnal  migration  presents  a  time  budget 
problem  for  migrants;  foraging  time  during  the 
day  may  be  maximized  but  opportunities  for 
night-time  sleep  are  reduced  (Cochran  1987, 
Moore  1999,  Rattenborg  et  al.  2004,  Fuchs  et  al. 
2006).  Long-distance  nocturnal  flights  during 
migration  are  interrupted  by  active  daytime 
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periods  at  unfamiliar  stopover  sites  where  mi¬ 
grants  replenish  depleted  energy  stores  while 
coping  with  threats  of  predation  and  competition 
with  other  migrants  and  resident  birds  (Moore  et 
al.  1995,  2005).  This  seasonally  elevated  noctur¬ 
nal  activity  may  cause  significant  loss  of  night¬ 
time  sleep  and  affect  behavior  at  a  stopover  site 
(Moore  1999).  Rattenborg  et  al.  (2004)  showed 
that  captive  White-crowned  Sparrows  ( Zonotri - 
chia  leucophrys  gambelii)  in  migratory  condition 
spent  about  two-thirds  less  time  sleeping  than 
when  in  non-migratory  state  without  any  apparent 
negative  effect  on  their  cognitive  performance. 
The  lack  of  apparent  effects  of  reduced  sleep  for 
migratory  birds  suggests  the  existence  of  com¬ 
pensatory  mechanism(s)  which  buffers  any  ad¬ 
verse  effect  of  night-time  sleep  loss  during 
migration  (Fuchs  et  al.  2006,  2009).  Accounts  of 
field  observations  of  daytime  sleep  in  migratory 
songbirds  are  rarely  found  in  the  literature  and 
those  existing  refer  only  to  Palearctic-African 
migrants  (Biebach  et  al.  1991,  Schwilch  et  al. 
2002). 

OBSERVATIONS 

I  report  a  field  observation  of  resting  behavior 
that  appeared  to  be  a  combination  of  drowsiness 
and  daytime  sleep  behavior  ( sensu  Fuchs  et  al. 
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2006)  for  a  neotropical  migrant,  the  Hooded 
Warbler  ( Wilsonia  citrina).  The  observation 
occurred  at  a  coastal  stopover  site  near  Johnson 
Bayou  (29°  45'  N,  93°  37'  W)  in  southwestern 
coastal  Louisiana  on  25  April  2006.  I  was  radio¬ 
tracking  a  male  Hooded  Warbler  that  had  been 
captured  in  a  mist  net  at  1440  hrs  CST  and  likely 
arrived  that  afternoon  with  an  incoming  flux  of 
migrants.  Most  migrants  arrive  at  my  study  site  in 
the  early  afternoon  following  trans-gulf  migration 
(Gauthreaux  1971).  I  attempted  to  continuously 
monitor  and  record  the  behavior  of  marked  birds 
as  part  of  the  tracking  protocol,  which  allowed  me 
to  closely  observe  behaviors.  The  radio-marked 
bird  stopped  its  foraging  activity  at  1 636  hrs  CST 
and  perched  on  a  young  Chinese  tallow  ( Sapium 
sebiferum )  snag  (~2  m  above  ground).  There  was 
a  large  tangle  of  vine,  fallen  branches,  and  debris 
just  below  the  perch  deposited  by  the  storm  surge 
of  Hurricane  Rita  6  months  earlier,  and  a  male 
and  female  Common  Yellowthroat  ( Geothlypis 
trichas )  were  foraging  in  and  around  it.  The 
marked  bird  was  perching  with  its  feathers  ruffled 
and  its  right  eye  (the  only  one  visible)  was 
completely  closed.  I  observed  slow  horizontal 
head-turning  movements  periodically  while  the 
visible  right  eye  was  only  partially  open.  A  group 
of  Gray  Catbirds  ( Dumetella  carolinensis)  was 
foraging  nearby  and,  at  one  point,  the  marked  bird 
became  vigilant  to  the  raspy  alarm  calls  of  the 
catbirds  by  erecting  its  neck  and  opening  its  eye 
completely  while  smoothing  back  its  ruffled 
feathers.  The  bird  became  drowsy  again  ~1  min 
after  the  alarm  calls  and  continued,  its  sleep-like, 
drowsy  behavior  until  1648  hrs  CST  when  it 
resumed  foraging.  I  followed  the  bird  until  1845 
hrs  CST  and  did  not  see  another  period  of  similar 
behavior.  The  bird  departed  from  the  study  area 
that  same  night. 

DISCUSSION 

Migrants  that  cross  ecological  barriers  (e.g.,  the 
Gulf  of  Mexico)  may  fly  non-stop  over  1 8-20  hrs 
and  arrive  at  the  next  stopover  site  well  into 
daylight  (Moore  and  Kerlinger  1987).  These 
daylight  hours  are  spent  exploring  habitat  and 
foraging  for  food  (e.g.,  Moore  et  al.  1990,  Wang 
and  Moore  2005).  Research  with,  captive  Swain- 
son’s  Thrushes  ( Catharus  ustulatus)  suggests  that 
migrating  thrushes  may  compensate  for  signifi¬ 
cant  loss  of  night-time  sleep  by  exhibiting  short 
periods  of  daytime  rest  observable  as  drowsiness 
with  unilateral  and  bilateral  eye  closure  (Fuchs  et 


al.  2006).  The  short  period  of  sleep-like  behavior 
exhibited  by  the  radio-marked  male  Hooded 
Warbler  is  consistent  with  the  behavior  of 
‘napping’  thrushes  reported  by  Fuchs  et  al. 
(2006).  It  may  also  be  noteworthy  that  the  marked 
bird’s  ‘napping’  location  was  in  close  vicinity  of 
several  other  migrants  (Common  Yellowthroats 
and  Gray  Catbirds),  and  the  drowsy  bird  respond¬ 
ed  to  heterospecific  alarm  calls.  Drowsy  individ¬ 
uals  are  still  able  to  monitor  their  environment 
(Rattenborg  et  al.  1999)  while  showing  the 
physiological  characteristics  of  sleep  (Fuchs  et 
al.  2009).  Species  subjected  to  the  same  predators 
should  benefit  from  recognizing  each  others’ 
alarm  calls  (Hurd  1996),  which  may  explain 
why  the  Hooded  Warbler  in  the  observation 
responded  to  alarm  calls  of  Gray  Catbirds.  Use 
of  heterospecific  social  information  to  supplement 
a  migrant’s  knowledge  about  its  environment, 
especially  at  unfamiliar  stopover  sites,  can 
provide  a  mechanism  to  reduce  time  and  risks 
associated  with  habitat  assessment  (Nemeth  and 
Moore  2007,  Nocera  et  al.  2008).  The  presence  of 
other  vigilant  migrants  likely  lowered  the  risk  of 
predation  of  the  marked  bird  and  suggests  that 
migrants  may  benefit  from  actively  seeking  out 
foraging  flocks  for  brief  naps. 
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ABSTRACT. — We  describe'  a  commensal  relation¬ 
ship  between  Double-crested  Cormorant;  ( Phalacro - 
corax  auritus)  and  a  southern  stingray  ( Dasyatis ' 
americana).  Three  cormorants  were  observed,  closely 
following  a  large  southern  stingray  in  a  shallow  turtle 
grass  ( Thalassia  testudinum)  bed  near  Long  Key, 
Florida  and  feeding  upon  a  small  fish  disturbed  by  the 
stingray’s  benthic  foraging.  This  represents  an  example 
of  a  commensal  relationship  in  which  one  participant 
benefits  while  the  other  is  unaffected.  Received  20 
September  2008.  Accepted  30  January  2009. 
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The  scientific  literature  is  replete  with  exam¬ 
ples  of  birds  associating  with  unrelated  species 
that  function  as  ‘beaters’  to  flush  prey.  For 
example,  Cattle  Egrets  ( Bulbulcus  ibis)'  forage 
commensally  with  ungulates  (Grubb  1976),  Great 
Egrets  ( Ardea  alba)  with  black-tailed  deer  ( Odo - 
coileus  hemionus)  (Herring  and  Herring  2007), 
and  Fan-tailed  Warblers  ( Euthlypis  lachrymosa) 
with  nine-banded  armadillos  ( Dasypus  hovem- 
cinctus)  (Komar  and  Hanks  2002).  Some  seabird 
species  in  the  marine  environment  follow  surface 
swimming  dolphins  associated  with  predatory  fish 
and  use  these  large  predatory  marine  animals  as  a 
means  to  obtain  their  prey  (Au  and  Pitman  1986, 
Martin  1986).  Predatory  tunas,  jacks,  sharks,  and 
dolphins  often  confine  their  baitfish  prey  near  the 
surface  to  facilitate  feeding;  these  baitfish  aggre¬ 
gations  commonly  attract  seabirds  which  dive 
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under  the  surface  to  feed  (Martin  1986,  Cam- 
phuysen  and  Webb  1999,  Clua  and  Grosvalet 
2001). 

The  southern  stingray  ( Dasyatis  americana )  is  a 
large,  subtropical,  benthic  elasmobranch  that 
ranges  from  New  Jersey  throughout  the  Gulf  of 
Mexico  and  the  Caribbean  to  southern  Brazil 
(McEachran  and  de  Carvalho  1998).  It  is  common 
throughout  the  Florida  Keys  where  it  is  typically 
associated  with  reef  and  turtle  grass  ( Thalassia 
testudinum)  communities  (Robins  and  Ray  1986). 
Its  diet  consists  primarily  of  benthic  molluscs  and 
polychaetes,  but  also  includes  crustaceans  and 
small  teleosts  (Gilliam  and  Sullivan  1993,  McEa¬ 
chran  and  de  Carvalho  1998).  The  southern 
stingray  excavates  its  buried  prey  by  a  combina¬ 
tion  of  water  jetted  from  the  mouth  and  the 
flapping  action  of  the  pectoral  fins  (Randall 
1983).  Predatory  teleosts,  such  as  snappers  and 
grunts,  often  hover  nearby  during  feeding  events 
waiting  to  capture  prey  stirred  up  by  the 
excavation. 

The  Florida  subspecies  of  the  Double-crested 
Cormorant  ( Phalacrocorax  auritus  floridanus)  is  a 
common  coastal  bird  that  ranges  from  North 
Carolina  to  the  Gulf  of  Mexico  (Hatch  and 
Weseloh  1999).  This  bird  paddles  at  the  surface 
and  dives  to  forage  on  teleost  prey  which  it 
consumes  whole.  Smaller  fish  are  consumed 
directly  underwater  whereas  larger  prey  are 
brought  to  the  surface  where  they  are  manipulated 
and  swallowed  headfirst  (Hatch  and  Weseloh 
1999).  We  describe  an  interaction  between  a  large 
southern  stingray  and  Double-crested  Cormorants, 
which  deliberately  followed  the  stingray  to 
facilitate  foraging  success. 

OBSERVATIONS 

On  19  April  2008,  our  boat  was  anchored 
southwest  of  the  Channel  #5  bridge  within  100  m 
of  a  mangrove-fringed  ( Rhizophora  mangle ) 
island  in  Long  Key  Bight,  Florida  (24°  49'  N, 
80°  47'  W).  The  water  depth  was  <1  m  and  the 
bottom  was  dominated  by  turtle  grass.  The 
conditions  were  sunny  and  calm  which  provided 
excellent  viewing  through  the  clear  water.  Water 
temperature  was  24°  C  and  the  tide  was  near  slack 
(low  tide  1712  hrs  EDT).  At  —1630  hrs  EDT  we 
observed  an  adult  female  southern  .stingray  of 
—  1  m  disc  width  swim  parallel  to  the  boat  in  a 
westerly  heading.  Three  Doublercrested  Cormo¬ 
rants  closely  followed  the.  stingray  underwater, 
with  two  cormorants  on  the  stingray’s  left  side 


and  one  on  the  right,  and  continued  to  follow 
when  they  were  at  the  surface.  The  birds  would 
repeatedly  dive  to  swim  behind  the  stingray 
underwater  and  spent  more  time  underwater  than 
at  the  surface.  During  underwater  swimming,  the 
birds  stayed  within  —50  cm  of  the  posterior- 
lateral  margin  of  the  stingray’s  disc  and  swam  at  a 
depth  slightly  above  the  body  of  the  stingray.  The 
stingray  did  not  appear  to  be  disturbed  by  the 
presence  of  the  cormorants  as  it  exhibited  normal 
swimming  behavior.  The  stingray  stopped  once  to 
excavate  within  the  turtle  grass  bed  during  this 
encounter  period,  which  lasted  —5  min.  This  was 
evident  from  the  flapping  action  of  the  pectoral 
fins  and  the  plume  of  silt  that  was  generated. 
Taking  advantage  of  this  disturbance,  the  single 
cormorant  on  the  right  side  of  the  stingray  caught 
an  unidentified  silvery  teleost,  5-10  cm  in  total 
length,  and  consumed  it  at  the  surface.  The 
remaining  two  cormorants  continued  to  follow 
the  stingray  as  it  swam  out  of  view,  and  the  third 
rejoined  after  consuming  its  prey.  We  could  no 
longer  see  the  stingray,  but  were  able  to  watch  the 
cormorants  for  several  minutes  when  they  ap¬ 
peared  intermittently  on  the  surface,  presumably 
still  following  the  stingray. 

DISCUSSION 

The  described  close  following  behavior  is 
likely  to  be  successful  only  in  shallow,  clear 
water  where  cormorants  would  be  able  to  initially 
see  the  stingray  against  the  turtle  grass  and  initiate 
following.  The  large  shadow  and  bow  wave 
created  by  the  stingray  swimming  just  above  the 
substratum,  in  addition  to  directly  disturbing 
fishes  by  their  foraging  excavations,  may  agitate 
fish  sheltering  among  the  blades  of  turtle  grass 
causing  them  to  dart  away.  The  birds  were  largely 
visually  obscured  from  any  teleosts  beneath  the 
stingray  from  their  vantage  point  posterior-lateral 
to  the  stingray’s  broad  disc.  This  could  provide 
the  cormorants  with  an  advantage  when  preying 
upon  fish  that  were  swimming  to  avoid  the 
stingray. 

It  is  unlikely  that  small  fish  disturbed  by  the 
presence  of  the  stingray  and  consumed  by  the 
cormorants  represent  any  significant  lost  feeding 
opportunities  for  the  stingray.  The  stingray  was 
clearly  excavating  for  a  buried  prey  item  and 
showed  no  interest  in  the  small  fish  in  this 
instance.  The  relationship  we  described,  in  which 
one  participant  benefits  (cormorants)  while  the 
other  is  not  affected  (stingray),  represents  an 
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example  of  commensalism.  To  our  knowledge, 
the  described  commensal  relationship  is  the  first 
documented  example  of  a  bird  deliberately 
following  a  fish  underwater  and  using  it  to 
facilitate  foraging. 
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ABSTRACT. — Plant  entanglement  in  North  America 
is  reported  for  25  bird  species,  of  which  56%  are 
affected  by  burdock  (Arctium  spp.;  one  of  15  plant 
taxa).  To  our  knowledge,  we  are  the’  first  to  document 
mortality  of  the  Least  Flycatcher  (Empidonax  minimus) 
by  snaring  in  burdock  (A.  minus).  Received  28 
November  2008.  Accepted  27  March  2009.  ' 


Entanglement  in  plants  is  among  many  -factors 
affecting  survival  of  birds.  Little  is  known  about 
circumstances  of  how  birds  become  entrapped. 
Seed-eating  species,  such  as  American  Goldfinch 
(Carduelis  tristis ),  may  get  caught  while  trying  to 
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extract  seeds  from  seed  heads  (McNicholl  1988). 
Needham  (1909)  speculated  that  kinglets  (Regulus 
spp.)  may  be  caught  in  burdock  ( Arctium  spp.) 
inflorescences  while  attempting  to  forage  insect 
larvae  of  moths  and  weevils  present  on  seed 
heads.  Aerial  predators  hawking  insects  may 
brush  up  against  plants  during  pursuit  of  prey. 
Initial  entanglement  for  most  individuals  is 
probably  minor,  but  as  a  bird  struggles  to  free 
itself,  more  and  more  feathers  may  become 
lodged  in  the  seed  head  until  the  bird  is  effectively 
immobilized.  Feathers  may  attach  to  the  hardened 
and  hooked  phyllaries  of  seed  heads  (e.g., 
burdock),  similar  to  the  hook  and  loop  system  of 
Velcro®  (Craves  1998).  Alternatively,  birds  may 
.adhere  to  sticky  resin  associated  with  some  seeds 
(e.g.,  the  tropical  tree  Pisonia  grandis ),  affecting 
bird  mobility  off  of  plants  (Gauger  1999,  Burger 
2005).  Plant  entanglement  in  North  America  is 
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TABLE  1.  Avian  species  affected  by  plant  entanglement  in 

North  America. 

Species 

Plant  (species) 

Documented 

mortality 

Source 

Brown  Pelican  ( Pelecanus  occidentals ) 

“Vegetation” 

X 

Shields  2002 

Harris’s  Hawk  (Parabuteo  unicinctus) 

Cholla  cactus  (Opuntia  sp.) 

Whaley  1986 

Red-shouldered  Hawk  ( Buteo  lineatus ) 

Ripgut  brome  (Bromus  diandrus) 

X 

McCrary  and  Bloom 

1984 

Red  brome  ( B .  rubens) 

X 

McCrary  and  Bloom 

1984 

Foxtail  barley  ( Hordeum  jubatum) 

X 

McCrary  and  Bloom 

1984 

Slender  oat  (Avena  barbata) 

X 

McCrary  and  Bloom 

1984 

Sabine’s  Gull  ( Xema  sabini) 

Tufted  saxifrage  (Saxifraga  caespitosa) 

X 

Day  et  al.  2001 

Laughing  Gull  ( Larus  atricilla) 

“Vegetation” 

X 

Burger  1996 

Franklin’s  Gull  (L.  pipixcari) 

“Vegetation” 

X 

Burger  and  Gochfeld 

1994 

Herring  Gull  (L.  argentatus) 

Hound’ s-tongue  weed  (Cynoglossum 
officionale) 

X 

Nickell  1964 

Xantus’s  Murrelet  (Synthliboramphus 

Cholla  cactus  ( Opuntia  sp.) 

X 

Drost  and  Lewis  1995 

hypoleucus) 

Common  Nighthawk  (Chordeiles  minor ) 

Blackberry  ( Rubus  sp.) 

X 

Poulin  et  al.  1996 

Ruby-throated  Hummingbird 

Burdock  (Arctium  minus) 

X 

Nealen  and  Nealen  2000 

(Archilochus  colubris ) 

Thistle 

Tyler  1940 

Stickseed  ( Lappula  schinata) 

X 

McNicholl  1988 

Least  Flycatcher  (Empidonax  minimus) 

Burdock  (A.  minus) 

X 

This  paper 

Blue-headed  Vireo  (Vireo  solitarius ) 

Burdock  (A.  minus) 

X 

McNicholl  1994 

Tree  Swallow  ( Tachycineta  bicolor) 

Teddy  bear  cholla  (0.  bigelovii) 

Cain  and  lansen  2005 

Black-capped  Chickadee  (Poecile 

Burdock  (A.  minus) 

X 

McNicholl  1994 

atricapillus) 

Red-breasted  Nuthatch  ( Sitta  canadensis) 

Burdock  (A.  minus) 

McNicholl  1994 

House  Wren  ( Troglodytes  aedon) 

Burdock  (A.  minus) 

McNicholl  1994 

Golden-crowned  Kinglet  (Regulus 
satrapa ) 

Burdock  (A.  minus  and  A.  lappa) 

X 

Needham  1909, 
McNicholl  1994 

Ruby-crowned  Kinglet  ( R .  calendula) 

Burdock  (A.  minus) 

X 

McNicholl  1994 

Beggar’s  lice  ( Hacklelia  virginiana) 

X 

Hampson  1970 

Greenbriar  (Similax  sp.) 

X 

Swanson  et  al.  2008 

Blue-gray  Gnatcatcher  (Polioptila 

Burdock  (A.  minus) 

X 

McNicholl  1994 

caerulea) 

Swainson’s  Thrush  (Catharus  ustulatus ) 

Enchanter’s  nightshade  (Circaea 
quadrisulcata) 

Craves  1998 

Warbler  sp. 

Burdock  (A.  minus) 

X 

McNicholl  1994 

Magnolia  Warbler  ( Dendroica  magnolia) 

Burdock  (A.  minus) 

McNicholl  1994 

Yellow-rumped  Warbler  ( D .  coronata) 

Burdock  (A.  minus) 

X 

McNicholl  1994 

Common  Yellowthroat  ( Geothlypis 
trichas) 

Burdock  (A.  minus) 

Brown  1970,  McNicholl 
1994 

Pine  Siskin  (Carduelis  pinus ) 

Burdock  (A.  minus) 

X 

McNicholl  1994 

American  Goldfinch  (C.  tristis) 

Burdock  (A.  minus) 

X 

McNicholl  1994 

reported  for  25  avian  species  (Table  1).  Burdock, 
one  of  15  plant  taxa  reported,  accounted  for  56% 
of  the  bird  species  affected. 

McNicholl  (1988,  1994)  compiled  the  literature 
on  birds  caught  in  burdock.  Reports  continue  to 
identify  bird  entanglement  in  burdock  and  other 
plants  known  to  impact  birds.  Our  Objectives  were 
to:  (1)  summarize  published  accounts  of  bird/plant 


entanglement  in  North  America,  since  most  obser¬ 
vations  come  from  this  region,  and  (2)  document 
the  first  case  of  a  Least  Flycatcher  ( Empidonax 
minimus )  fatally  snared  in  burdock  {A.  minus). 

OBSERVATIONS 

We  add  the  first  documented  account  of 
mortality  of  the  Least  Flycatcher  in  burdock 
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(Table  1).  This  individual  was  found  in  old  field 
habitat,  immediately  adjacent  to  flood  plain  forest, 
on  31  August  2007  at  Beling  Ecological  Preserve, 
Rock  Island  County,  Illinois  (90°  32'  W,  41°  27' 
N)  and  appeared  to  have  died  no  more  than 
1  week  prior  to  our  discovery.  Much  of  the  right 
wing  was  affected,  specifically  the  underwing 
coverts  and  basal  portions  of  the  primary  feathers. 
Feathers  on  the  head,  nape,  breast,  and  sides  were 
also  snared. 

DISCUSSION 

Drost  and  Lewis  (1995)  report  that  mortality  of 
Xantus’s  Murrelets  ( Synthliboramphus  hypoleu- 
cus )  by  plant  entanglement  represents  <1%  ( n  = 
366  individuals)  of  all  known  sources.  No  study 
has  quantified  the  incidence  of  entanglement  or 
relative  impact  among  sources  of  mortality  for 
other  birds.  Hampson  (1970)  noted  entanglements 
of  a  House  Wren  ( Troglodytes  aedon)  and  Ruby- 
crowned  Kinglet  ( Regulus  calendula)  in  beggar’s 
lice  ( Hakelia  virginiana)  within  a  week’s  time  in 
the  fall.  He  also  observed  many  feathers  attached 
to  these  plants,  suggesting  that  other  birds  had 
previously  been  at  least  partially  caught  in  seed 
heads.  Other  plants,  such  as  bedstraw  ( Gallium 
spp.),  could  potentially  trap  birds.  Entanglement 
in  seed  heads,  which  accounts  for  almost  all  cases, 
may  be  restricted  to  fall  when  these  structures 
have  formed  after  summer  flowering. 

Outside  of  North  America,  Burger  (2005) 
documented  entanglement  by  sticky  seeds  of  the 
tropical  tree,  Pisonia  grandis ,  of  12  species  from 
the  Seychelles  comprised  mostly  of  seabjrds 
(especially  Lesser  Noddy  [Anous  tenuirostris ]), 
along  with  shorebirds,  turtle  doves  (Streptopelia 
spp.),  Bam  Owl  (Tyto  alba),  and  Seychelle’s 
Warbler  ( Acrocephalus  sechellensis).  Entangle¬ 
ment  in  Pisonia  seeds  in  some  years  is.  the-  largest 
cause  of  mortality  to  Indo-Pacific  populations  of 
the  Black  Noddy  ( Anous  minutus)  having  caused 
the  death  of  9.2%  (9,634  adults  and  1,500  young) 
of  known  individuals  (Gauger  1999).  Mortality 
from  plant  entanglement  has  also  been  reported 
for  Sooty  Tem  ( Onychoprion  fuscatus)  in  Vene¬ 
zuela,  Bridled  Tem  ( O .  anaethetus)  in  northeast 
Africa  (Haney  et  al.  1999),  Magnificent  Frigate- 
bird  ( Fregata  magnificens)  in  Belize  (Diamond 
and  Schreiber  2002),  and  Bam  Owl  and  Long¬ 
eared  Owl  ( Asio  otus)  in  the  Canary  Islands 
(Rodriguez  et  al.  2009).  Entanglement  of  a  Bam 
Swallow  .( Hirundo  rustica)  in  burdock  is  known 
from  Germany  (Burton  1994). 


Pine  Grosbeaks  ( Pinicola  enucleator)  are  re¬ 
ported  to  eat  burdock  seeds  (Adkisson  1999),  but 
entanglement  has  not  been  reported.  Indigo 
Buntings  ( Passerina  cyanea)  are  known  to  nest 
in  burdock,  presumably  prior  to  seed  formation 
(Payne  2006).  Hughes  (2001)  reports  a  Black¬ 
billed  Cuckoo  ( Coccyzus  erythropthalmus)  nest 
composed  almost  exclusively  of  burdock  seed 
heads,  apparently  without  incident. 

Most  accounts  of  bird-plant  entanglement  in 
North  America  are  derived  from  incidental 
discoveries  while  conducting  other  field  activities. 
It  is  assumed  that  avian  mortality  from  plant 
entrapment  is  rare  or  has  negligible  effects  on 
demography  (i.e.,  McNicholl  1988). 
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ON  HYPHENS  AND  PHYLOGENY  , 

FRANK  B.  GILL,1-3  MINTURN  T.  WRIGHT  III,1  SALLY  B.  CONYNE,1  AND  ROBERT  KIRK2 


ABSTRACT. — We  summarize  the  history  of  the  varied  practices  of  hyphenating  compound  English  names  of  birds  to 
highlight  taxonomic  relationships.  English  names  do  not  and  can  not  reflect  phylogenetic  relationships  of  birds  very  well, 
however  lofty  that  ideal.  Instead,  English  names  of  birds  are  driven  more  by  tradition  than  by  modem  systematics;  the 
consequence  is  that  well-intentioned  hyphenation  practices  misrepresent  phylogenetic  relationships  too  often  to  be  helpful. 
We  urge  ornithologists  to  work  together  to  simplify  the  use  of  hyphens  as  one  small  step  towards  improved  standardization 
of  English  bird  names.  Received  26  February  2009.  Accepted  31  May  2009. 


The  world  of  ornithology  seems  divided  on  the 
editorial  question  of  whether  we  should  hyphenate 
compound  English  names  of  groups  of  birds.  The 
guidelines  of  the  English  Names  Committee  of  the 
International  Ornithological  Congress  (IOC)  (Gill 
and  Wright  2006)  favor  fewer  hyphens  and 
rekindled  the  debate,  including  a  public  recom¬ 
mitment  by  some  to  the  taxonomic  value  of 
hyphenation  (AOU  Check-list  Committee  2007). 
Most  of  the  vigorous  modem  discussion  of  this 
issue  has  been  informal  on  web  site  forums  or  in 
regional  taxonomic  discussions. 

The  controversial  practice  of  hyphenating 
compound  group  names  of  birds  traces  back 
principally  to  a  formal  proposal  by  Kenneth 
Parkes  (1978:326)  that  some  name£  of  this  type, 
such  as  night-heron  '  and  whistling-duck,  be 
spelled  as  two  hyphenated  and  capitalized  words. 
The  sixth  edition  of  the  AOU  Checklist  (1983),  its 
successors  and  its  followers  adopted  this  practice, 
largely  without  discussion,  and  continue  to  do  so. 
In  contrast,  other  major  works  such  as  the  Howard 
and  Moore  Complete  Checklist  of  the  Birds  of  the 
World  (Dickinson  2003)  opt  for  ‘night  heron’, 
‘whistling  duck’, , ‘golden  plover’,  ‘pygmy  tyrant’, 
etc.  Outside  ornithology,  herpetologists  among 
others  do  not  hyphenate  compound  group  names 
of  the  related  species,  e.g.,  cricket  frogs,  chorus 
frogs,  or  narrow-mouthed  toads  (Crother  2008). 

The  use  of  hyphens  in  the  written  English 
language  is  difficult,  widely  misunderstood, 
and  often  violated  (http://www.nyu.edu/classes/ 
copyXediting/Hyphens.html).  Countering  years  of 
hyphenation  creep  where  people  added  them  with 
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abandon,  some  being  adopted,  some  not,  mostly 
without  careful  thought  or  deliberative  rigor,  is 
the  growing  trend  of  scholars  to  drop  inappropri¬ 
ate  or  unnecessary  hyphens  to  improve  commu¬ 
nication  in  our  written  language  (Magrath  2007). 

HISTORY 

At  Alexander  Wetmore’s  request  on  behalf  of 
AOU’s  Committee  on  Classification  and  Nomen¬ 
clature,  Cheesman  and  Oehser  (1937)  formulated 
a  set  of  rules  to  standardize  spelling  of  English 
names  of  birds  of  North  America.  Among  their 
enduring  recommendations,  they  advocated  the 
use  of  one  word  names  rather  than  two  as  in 
Webster’s  dictionary  at  that  time,  i.e.,  meadow¬ 
lark  not  meadow  lark,  bushtit  not  bush  tit,  etc. 
Second,  they  advocated  conversion  of  hyphenated 
names  into  a  single  word  without  hyphens 
wherever  possible,  i.e.,  bobwhite  not  bob-white, 
Ovenbi'rd  ( Seiurus  auricapilla )  not  Oven-bird, 
oystercatcher  not  oyster-catcher.  Further,  they 
accepted  use  of  the  hyphen  as  a  historical 
transition  from  two  words  to  one,  e.g.,  meadow 
lark  to  meadow-lark  to  meadowlark.  In  addition, 
they  explicitly  excluded  use  of  hyphens  for 
multiple  adjectival  modifiers  for' species  such  as 
Great  Horned  Owl  ( Bubo  virginianus )  and  Amer¬ 
ican  Golden  Plover  ( Pluvialis  dominica).  A 
proposal  to  use  hyphens  to  indicate  group 
relationships,  however,  was  not  a  part  of  this 
presentation. 

In  his  sequel  to  Cheesman  and  Oehser’ s  (1937) 
recommendations,  and  as  a  corollary  of  Eisen- 
mann’s  (1955)  effort  to  name  the  species  of 
neotropical  birds,  Parkes  (1978)  proposed  specif¬ 
ically  that  certain  group  names,  including  night- 
heron,  whistling-duck,  and' storm-petrel,  be 
spelled  as  two  hyphenated  and  capitalized  words 
when  “the  bird  in  question  does  belong  to  that 
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particular  group.”  As  a  closing  comment,  Parkes 
.  (1978:  326)  noted  that:  “No  compound  group- 

name  for  a  bird  should  be  spelled  as  two 
unhyphenated  words.  In  some  instances  this 
conflicts  with  A.O.U.  Check-list  usage,  but  not 
with  that  of  Eisenmann;  thus,  'Night  Heron’  of  the 
A.O.U.  (1957)  should  be  ‘Night-Heron.’  (On  the 
other  hand,  ‘Great  Blue  Heron’  and  ‘Little  Blue 
Heron’  are  unhyphenated,  as  there  is  no  group  of 
‘Blue-Herons,’  both  adjectives  in  these  two  names 
modifying  the  group-name  ‘heron’.)” 

The  6th  edition  of  the  AOU  Checklist  (1983) 
switched  to  hyphenations  as  Parkes  proposed  but 
without  explicit  discussion.  Rather  the  Preface 
(1983:  xxi)  mentions  simply  that  they  followed 
Cheesman  and  Oehser  (1937)  and  Parkes  (1978) 
“with  respect  to  orthography  and  related  mat¬ 
ters.”  In  addition,  the  landmark  6th  edition 
introduced  English  name  changes  such  as  ‘whis¬ 
tling-duck’  instead  of  ‘tree  duck’  for  the  species 
of  Dendrocygna.  This  edition  also  adopted  ‘storm- 
petrel’  for  species  of  Oceanites ,  Oceanodroma, 
and  Pelagodroma  replacing  ‘petrel’  in  preceding 
editions  of  the  AOU  checklist. 

Sibley  and  Monroe  (1990)  extended  the  prac¬ 
tice  in  a  major  way  in  Distribution  and  Taxonomy 
of  the  Birds  of  the  World.  In  their  introduction, 
Sibley  and  Monroe  (1990:  xxi)  confessed  that 
“Hyphenation  of  compound  group-names  has 
caused  some  concern,”  and  also  that  “Sugges¬ 
tions  were  made  to  omit  the  hyphenation  entirely, 
or  to  omit  it  with  adjectival  first  parts.”  Options 
for  indexing,  however,  swayed  them  to  hyphenate 
most  compound  group  names,  so  that  one  could 
look  up  Screech-Owl  under  ‘S,’  cross-referenced 
from  Owl,  Screech  -  see  Screech-Owl.  In 
hindsight,  we  might  question  whether  the  gains 
of  this  practice  exceed  its  costs. 

Over  the  course  of  time,  Parkes’  (1978)  formu¬ 
lation  based  on  some  general  sense  of  ‘belonging 
to  a  group’  has  evolved  into  firm  advocacy  and 
editorial  policy  for  use  of  hyphens  in  group  names 
as  hypotheses  of  monophyletic  evolutionary 
relationships  (www.museum.lsu.edu/~Remsen/ 
HyphensBirdNames.htm)  (J.  S.  Greenlaw,  pers. 
comm.). 

The  IOC  guidelines  (Gill  and  Wright  2006; 
http://www.worldbirdnames.org)  -  echo  Cheesman 
and  Oehler’s  (1937)  recommendation  that  com¬ 
pound  group  names  should  be  spelled  preferen¬ 
tially  as  one  word  with  flexibility  to  use  a  hyphen 
to  avoid  awkward  constructions.  Contrary  to 
Parkes  (1978)  the  IOC  guidelines  recommend 


against  the  general  use  of  hyphens  to  create  a 
novel  compound  group  name  with  the  exception 
of  ‘bird-bird’  group  names.  Thus,  night  heron  and 
mountain  tanager  would  be  spelled  without  a 
hyphen,  as  is  the  editorial  standard  of  the  British 
Ornithologists’  Union,  the  Howard  and  Moore 
Complete  Checklist  of  the  Birds  of  the  World 
(Dickinson  2003),  Birds  of  Northern  South 
America  (Restall  et  al.  2006),  and  others. 

The  English  names  of  birds  involve  hyphens  in 
various  ways.  The  use  that  provokes  this  debate  is 
whether  or  not  to  place  a  hyphen  between  the 
modifier  and  the  basic  group  name,  for  example 
Screech-Owl  versus  Screech  Owl.  In  English 
generally  such  a  two-word,  compound  name 
almost  never  has  a  hyphen;  we  would  use 
‘Screech  Owl’  if  there  was  just  one  species.  The 
addition  of  a  second  modifier  to  create  a  three- 
word  najne,  such  as  Eastern  Screech  Owl  ( Otus 
asio ),  does  not  normally  call  for  a  hyphen, 
because  ‘screech’  clearly  modifies  ‘owl.’  The 
problem  arises  when  two  or  more  related  species 
have  the  same  two  words  in  their  names  and 
different  modifiers,  such  as  Eastern  Screech  Owl 
and  Western  Screech  Owl  ( O .  kennecottii). 

Consider  green  suitcases  of  different  sizes. 
Why  use  ‘big  green-suitcase’  and  Tittle  green- 
suitcase’  when  ‘big  green  suitcase’  and  Tittle 
green  suitcase’  are  simpler  and  perfectly  clear? 
Similarly,  Long-tailed  Wood  Partridge  ( Dendror - 
tyx  macroura)  is  clear  without  an  extra  hyphen 
(wood-partridge),  as  are  English  bird  names  such 
as  Pygmy  Hanging  Parrot  ( Loriculus  exilis), 
Wilson’s  Storm  Petrel  ( Oceanites  oceanicus), 
and  African  Green  Pigeon  ( Treron  calvus). 

ISSUES  OF  PHYLOGENY 

The  principal  argument  advanced  for  inserting 
a  hyphen  into  night-heron,  screech-owl  or  whis¬ 
tling-duck  is  that  the  hyphen  signifies  relation¬ 
ships  among  species  in  a  helpful  way:  “Hyphens 
in  compound  group  names  indicate  relationships 
and  separate  the  members  of  the  groups  from  less 
closely  related  forms  (e.g.,  whistling-ducks  from 
other  ducks  and  storm-petrels  from  other  pe¬ 
trels),”  (AOU  Check-list  Committee  2007:1472). 
Thus,  the  various  ‘night-herons,’  for  example, 
constitute  a  ‘group’  of  species  that  are  more 
closely  related  to  each  other  than  they  are  to  other 
taxa.  They  are  supposedly  monophyletic.  This 
argument  concludes  that  compound  group  names 
require  or  benefit  from  a  hyphen.  Accordingly, 
some  world  lists  (Sibley  and  Monroe  1990,  del 
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Hoyo  et  al.  1992,  Clements  2007)  used  the 
hyphenated  English  name  ‘night-heron’  to  unite 
species  in  three  supposedly  related  genera  Nycti- 
corax,  Nyctanassa,  and  Gorsachius.  However,  the 
relationships  of  these  genera  to  each  other  are  now 
deemed  unresolved  (Sheldon  1987,  Sheldon  et  al. 
2000,  Tree  of  Life  Web  Project  2008;  FHS,  pers. 
comm.). 

Parkes  (1978)  used  Little  Blue  Heron  ( Egretta 
caerulea)  versus  Great  Blue  Heron  ( Ardea 
herodias )  as  an  example  of  ‘unrelated’  species 
(now  in  different  genera)  that  should  not  be 
hyphenated.  Strict  adherence  to  hyphenating 
group  names  of  only  closely  related  species, 
however,  leads  to  esoteric  mixes  of  hyphenated 
and  unhyphenated  English  names.  For  example, 
related  species  of  Ninox  are  hyphenated  ‘Hawk- 
Owls’  whereas  the  lone  and  presumed  unrelated 
species  of  Surnia  is  an  unhyphenated  (Northern) 
‘Hawk  Owl’  ( Surnia  ulula )  (Sibley  and  Monroe 
1990,  AOU  1998). 

Using  hyphens  to  highlight  possible  relation¬ 
ships  adds  unnecessary  complications  to  the 
inevitable  tensions  between  English  names  and 
scientific  names.  Yes,  formal  English  group 
names  may  parallel  scientific  names  such  as  a 
genus  or  subgenus,  and  some  (whistling  duck) 
actually  do  so.  But  concordance  of  English  names 
and  avian  genera  is  low  for  many  historical 
reasons,  and  surely  will  sink  lower  with  the 
extensive  revisions  of  generic  relationships  that 
are  now  underway.  Significant  concordance 
would  require  wholesale  changing  of  the  English 
names  of  many  species,  which  would  be  counter¬ 
productive  and  undesirable.  ■ 

Consider  some  of  the  many  examples  of  species 
in  different  genera  that  carry  the  same  hyphenated 
compound  proper  English,  name;  Wood-Rail 
(. Aramides ,  Canirallus  [kioloides]),  Ground-Dove 
( Columbina ,  Claravis,  Metriopelia t,  Uropelia, 
Scardafella,  Gallicolumba ),  Palm-Swift  .( Tachor - 
nis  except  T.  furcata,  Cypsiurus),  Bush-Tyrant 
(. Myiotheretes ,  Cnemarchus,  Polioxolmis );  Water- 
Tyrant  ( Ochthornis ,  Fluvicola),  and  Bush-Tanager 
( Cnemoscopus ,  Chlorospingus). 

Similar  complications  arise  in  the  use  of 
hyphens  in  names  of  subsets  of  congeneric  species 
in  the  absence  of  confirming  phylogenetic  anal¬ 
ysis.  The  tyrant  flycatchers  of  the  New  World 
offer  many  cases  of  this.  For  example,  the 
(hyphenated)  Eastern  Wood-Pewee  ( Contopus 
virens)  and  Western  Wood-Pewee  (C.  sordidulus) 
may  be  conspecific,  or  sister  species,  or  members 


of  a  superspecies  that  includes  the  Tropical  Pewee 
(C.  cinereus)  (Fitzpatrick  2004).  However,  we 
lack  a  molecular  phylogeny  of  the  15  species  of 
Contopus  to  support  any  of  these  hypotheses.  In 
another  case,  only,  seven  of  11  species  in  the 
neotropical  genus  Knipdlegus  are  now  ‘black- 
tyrants,’  partly  reflecting  their  complicated  taxo¬ 
nomic  history.  Some  species  of  Hemitriccus  are 
‘tody-tyrants,’  but  other  species  in  this  same 
genus  are  ‘pygmy-tyrants’  as  are  members  of  five 
other  genera  of  tyrant  flycatchers  ( Pseudotriccus , 
Euscarthmus,  Myiornis,  Lophotriccus,  Atalotric- 
'cus),  some  of  which  may  be  relatives  (Fitzpatrick 
2004).  In  other  families,  ‘mountain-finches’  are  in 
the  genus  Leucosticte  (along  with  ‘rosy-finches’) 
and  also  in  the  genus  Poospiza  (along  with  14 
species  of  ‘warbling-finches’).  Such  problems 
multiply  in  the  full  list  of  world  bird  species. 

The  name  ‘storm-petrels’  would  appear  to  be  a 
clear  cut  case  of  related  species  in  a  family  group 
(Hydrobatidae)  to  be  distinguished  from  petrels 
and  shearwaters  in  the  family  Procellariidae  and, 
thus,  to  merit  a  hyphen  (AOU  Check-list  Com¬ 
mittee  2007).  But  the  two  subfamilies  (Hydro- 
batinae,  Oceanitinae)  may  not  be  monophyletic 
sister  taxa  as  we  thought  them  to  be  (Nunn  and 
Stanley  1998,  Christidis  and  Boles  2008,  Hackett 
et  al.  2008,  Tree  of  Life  Web  Project  2008). 
Considering  members  of  both  subfamilies  to  be 
petrels,  in  the  broadest  sense  of  that  name,  ‘storm 
petrel’  could  emerge  as  the  preferred  name  for 
members  of  at  least  one  of  the  two  clades. 

Requiring  final  mention  are  group  names  that 
already  include  a  compound  modifier.  The  list  of 
group  names  preceded  by  a  compound  modifier 
includes  the  multiple  species  of  ‘white-fronted 
geese,’  ‘double-collared  sunbirds,’  ‘rough-winged 
swallows,’  and  many  others.  Consistent  use  of 
hyphens  to  group  such  related  species  by  their 
English  names  suggests  that  we  should  add  a 
hyphen  to  define  their  relationship  correctly.  In 
the  case  of  the  swallows,  the  unpleasant  result, 
which  has  no  advocates,  would  be  Northern 
Rough-winged-Swallow  ( Stelgidopteryx  serripen- 
nis )  and  Southern  Rough-winged-Swallow  ( S . 
ruficollis).  Not  to  hyphenate  them  fully,  however, 
introduces  one  more  inconsistent  application  of  an 
ill-founded  principle. 

RECOMMENDATIONS 

■  Given  the  dynamic  state  of  our  knowledge 
about  relationships  among  bird  species,  we  and 
many  colleagues  prefer  to  follow  plain,  correct, 
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and  intuitive  English,  rather  than  to  overload  the 
orthography  of  English  names  of  birds  with 
phylogenetic  inference  through  hyphens.  We  still 
can  construct  group  names  as  single  words  and 
hyphenate  them  sparingly  to  avoid  awkward 
constructions  as  recommended  by  Cheesman  and 
Oehler  (1937)  and  Gill  and  Wright  (2006).  It 
seems  time  to  retire  the  persuasion  of  Parkes 
(1978)  that  hyphens  add  taxonomic  value  to  the 
English  names  of  birds.  Standardization  away 
from  this  practice  would  be  a  simple  step  towards 
consistent  use  of  English  names  on  behalf  of  the 
world’s  birds. 

From  this  position,  we  invite  our  colleagues  to 
work  together  towards  common  editorial  practices 
that  foster  a  stable  set  of  English  names  of  the 
birds  of  the  world.  We  compliment  those  journals, 
including  the  Wilson  Journal  of  Ornithology  and 
Ibis,  which  are  doing  so. 
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George  A.  Hall:  A  Lifetime  Dedicated  to  Birds 


George  A.  Hall  died  28  February  2008  after  a 
long  struggle  with  Parkinson’s  disease.  George  was 
born  in  Parkersburg,  West  Virginia  on  16  June 
1920.  He  grew  up  in  western  Pennsylvania.  Earning 
the  B.S.  degree  in  Chemistry  from  West  Virginia 
University  (WVU)  in  1941  and  a  Ph.D.  in 
Chemistry  at  The  Ohio  State  University  in  1945, 
he  did  postdoctoral  research  at  the  University  of 
Wisconsin  before  his  appointment  as.  Assistant 
Professor  in  Chemistry  at  WVU  in  1950.  .George 
and  his  wife  Tanya,  whom  he  married  in  1963,  had 
one  son,  Andrew.  George  was  promoted  to 
Associate  Professor  in  1956  and  to  Professor  in 
1977.  His  professorship  was  held  jointly  in  both 
Chemistry  and  Forestry,  the  latter  being  the  home  of 
ornithology  at  WVU.  This  unusual  joint  appoint¬ 
ment  recognized  George’s  fine  reputation  as  a 
teacher  of  chemistry  and  his  outstanding  record  of 
research  and  publication  in  the  field  of  ornithology. 

All  of  his  life  George  pursued  his  interest  in 
birds.  His  extensive  travel  in  pursuit  of  birds, 


beginning  close  to  home  in  Pennsylvania,  Ohio, 
and  . West  Virginia,  included  later  visits  to  most 
of  the  United  States  and  many  other  countries, 
including  much  of  the  Caribbean  and  Central  and 
South  America.  He  was  never  without  his  field 
notebook  from  which  he  wrote  extensive  jour¬ 
nals.  Those  who  knew  George  well  were 
accustomed  to  his  jotting  notes  on  birds  heard 
or  seen  in  his  notebooks  even,  while  carrying  on 
conversations.  He  kept  details  of  the  geology, 
ecology,  plants,  and  birds  observed  on  his 
extensive  trips  in  his  journals.  George  accumu¬ 
lated  1,793  species  on  his  life  list  between  1933 
and  1997.  Observations  of  migrating  birds  at 
Dolly  Sods  in  Tucker  County,  West  Virginia  led 
to  his  more  than  four-decade  involvement  with 
bird  banding  at  the  Allegheny  Front  Migration 
Observatory  (AFMO)  at  Dolly  Sods  beginning  in 
1958. 

'  George  joined  the  Wilson  Ornithological  Soci¬ 
ety  (WOS)  in  1946.  He  was  the  Registration 
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Chairman  for  the  Madison,  Wisconsin,  annual 
meeting  in  1949.  After  returning  to  West  Virginia, 
George  became  active  in  the  Brooks  Bird  Club, 
serving  as  president  in  1954  and  editor  of  The 
Redstart  from  1956  to  1963.  George  resigned  this 
editorship  to  become  editor  of  The  Wilson  Bulletin, 
a  position  he  held  from  1964  to  1973.  He  was 
elected  to  the  WOS  Council  in  1973,  and  his  term 
ended  in  1975  when  he  was  elected  second  vice- 
president  of  the  Wilson  Ornithological  Society.  He 
served  as  WOS  President  from  1979  to  1981.  In 
1988  George  co-authored  the  WOS  100-year 
history  with  Jerome  A.  Jackson  and  Harold 
Mayfield.  George  is  remembered  for  his  mentoring 
of  young  ornithologists,  helping  many  of  them  to 
develop  their  manuscripts  while  he  served  as  editor 
of  The  Redstart  and  The  Wilson  Bulletin.  George 
was  active  in  the  WOS  over  five  decades,  attending 
thirty-five  consecutive  annual  meetings  from  1964 
to  2001.  He  was  awarded  the  first  WOS  William 
and  Nancy  Klamm  Service  Award  in  2007. 


George  served  as  regional  editor  of  American 
Birds  for  many  years.  He  was  a  member  of  The 
Carnegie  Museum  of  Natural  History  in  Pitts¬ 
burgh,  Pennsylvania,  and  he  often  conducted 
research  using  specimens  in  the  collections  there. 
His  book,  West  Virginia  Birds,  was  published  in 
1983.  George  kept  the  West  Virginia  list  of  birds 
until  handing  this  task  over  to  the  West  Virginia 
Bird  Records  Committee  in  1997.  He  published 
many  articles  on  bird  populations  in  The  Redstart, 
American  Birds,  and  other  journals.  Beginning  in 
1981,  George  co-directed  the  West  Virginia 
Breeding  Bird  Atlas  Project  with  Albert  R. 
Buckelew  Jr.,  leading  to  their  co-authorship  of 
the  West  Virginia  Breeding  Bird  Atlas  in  1994.  In 
his  final  years  he  wrote  a  summary  of  42  years  of 
banding  at  AFMO.  His  was  a  full  lifetime 
dedicated  to  the  study  of  birds. — ALBERT  R. 
BUCKELEW,  JR.,  Department  of  Biology, 
Bethany  College,  Bethany,  WV  26032,  USA; 
e-mail:  JBuckelew@bethanywv.edu 
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THE  WHITE-CHEEKED  GEESE:  BRANTA 
CANADENSIS ,  B.  MAXIMA,  B.  “LAWRENSIS" , 
B.  HUTCHINSII,  B.  LEUCOPAREIA,  AND  B. 
MINIMA.  TAXONOMY,  ECOPHYSIOGRAPHIC 
RELATIONSHIPS,  BIOGEOGRAPHY,  AND 
EVOLUTIONARY  CONSIDERATIONS.  VOL¬ 
UME  2.  WESTERN  TAX  A,  BIOGEOGRAPHY, 
AND  EVOLUTIONARY  CONSIDERATIONS. 
By  Harold  C.  Hanson.  Avvar  Books,  203  South 
Palm  Drive,  Blythe,  California,  USA.  2007 :  xxii  + 
700  pages,  hundreds  of  maps,  tables,  morphometric 
diagrams,  black  and  white  photos  of  geese  in  the 
wild,  goose  skins,  and  habitat.  ISBN:  0-9708504-2- 
5.  Volumes  I  and  II  $50.00  (soft  cover),  $150.00 
(hard  cover);  Volume  II  alone  $25.00  (soft  cover), 
$  70.00  (hard  cover).  Shipping  $4.15  domestic, 
$8.00  Canada,  $15.00  overseas. — Volume  I,  pub¬ 
lished  in  2006,  was  reviewed  in  this  journal'  (119: 
514—516).  Volume'  II  contains  chapters  11-37 
of  Hanson’s  work;  some  are  authored  or  co¬ 
authored  by  others.  As  the  title  indicates,  what 
we  now  know  as  Branta  canadensis  and  B. 
hutchinsii  is  divided  into  five  or  six  species.  Branta 
hutchinsii  is  called  the  Arctic  Goose.  The  work  is 
based  primarily  on  the  extensive  collection  of 
geese  at  the  Illinois  Natural  History  Survey,  but  the 
holotypes  have  been  deposited  in  the  Field 
Museum. 

Chapters  11-27  contain  ‘‘biographies”  of  175 
newly  described  taxa — one  species,  ‘  the  rest 
subspecies  (in  addition  to  9  previously  -named 
forms).  As  in  Volume  I,  some  new  names  (41). 
have  been  placed  in  quotation  marks  and  lack  the 
mandated  designation  that  they  are  new;  as 
publisher/editor  B.  W.  Anderson’s  effort  to  avoid 
formal  naming  under  the  Code  (ICZN  1999; 
Article  16.1)  of  taxa  represented  by- a -single 
individual  bird  from  wintering  areas.  This  effort 
seems  to  have  been  incomplete,  as  some  samples 
that  appear  to  be  of  one  bird  are  not  so  treated  and 
some  are  only  half  treated.  The  taxonomy  of  these 
individual  birds,  and  any  other  in  the  breeding 
ranges  ascribed  to  these  non-subspecies, .  is  left 
unresolved. 

Most  of  the  recurring  taxonomic  problems  with 
this  book  can  be  seen  in  a  discussion  of  the  first 
two  taxa.  Because  the  type  specimen  of  Branta 


hutchinsii  Richardson,  from  the  Melville  Penin¬ 
sula,  is  lost,  and  many  new  subspecies  are  named 
in  that  species,  Hanson  recognizes  the  need  for  a 
neotype  to  pin  down  the  range  of  the  nominate 
subspecies.  Lacking  a  specimen  from  the  breeding 
area,  he  makes  a  good  case  for  selecting  a  migrant 
from  Sand  Lake  National  Wildlife  Refuge 
(NWR),  near  Pierre,  South  Dakota;  birds  banded 
there  have  later  been  recovered  on  or  just  south  of 
the  Melville  Peninsula.  The  Melville  Peninsula 
represents  a  far  northern  breeding  range  for 
hutchinsii ,  and  Hanson  reasoned  the  population 
should  include  the  smallest  birds  that  migrate 
through  the  eastern  Dakotas,  and  the  smallest  bird 
in  the  Illinois  Natural  History  Survey  (INHS) 
collections  is  an  adult  female  from  Sand  Lake. 
Despite  this,  he  actually  designates  a  bird  from 
Squaw  Creek  NWR,  Missouri,  as  the  neotype. 
Despite  the  statement  that  he  failed  to  find  B.  h. 
hutchinsii  in  the  extensive  salvage  collections  of 
geese  at  Pierre,  SD,  the  only  INHS  specimen 
locality  mentioned  (other  than  Squaw  Creek 
NWR)  for  the  nominate  race  is  Pierre.  Inconsis¬ 
tencies  such  as  this  arouse  doubts  and  suspicions 
at  the  very  outset  of  the  book. 

The  second  taxon  discussed  in  the  volume  was 
probably  not  intended  (by  Anderson)  to  be 
formally  proposed;  the  name  is  in  quotation 
marks,  but  the  term  “new  subspecies”  is  present. 
It  is  based  on  a  single  “highly  distinguishable” 
(read  “aberrant”?)  individual  found  among  the 
salvaged  specimens  at  Pierre,  SD.  The  subspecies 
based  on  this  specimen  is  given  a  breeding  range 
as  follows  (page  18):  “...  my  best  guess  as  to  the 
breeding  grounds  of  this  race  is  a  small  island 
offshore  of  southeastern  Victoria  Island,  possibly 
the  Royal  Geographic  Society  Islands  ....”  This 
method  of  identifying  the  breeding  range  is 
followed  for  most  of  the  newly  named  subspecies 
in  the  book.  It  is  largely  guesswork,  not  science. 

On  page  54,  in  a  discussion  of  the  general  lack 
of  knowledge  of  breeding  distribution  in  the 
Arctic,  Hanson  asks:  “For  example,  what,  if 
any,  race  of  Arctic  Geese  is  found  on  the  Royal 
Geographic  Society  Islands  north  of  Jenny  Lind 
Island?”  Apparently  he  forgot  that  he  had 
assigned  a  subspecies  to  those  islands  36  pages 
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earlier.  This  inconsistency  is  partly  because  the 
book  was  written  in  bits  and  pieces  over  a  long 
period  of  years.  As  more  specimens  were 
examined,  newly  discovered  races  were  incorpo¬ 
rated  into  chapters  already  written,  but  apparently 
Hanson  never  reviewed  the  final  product.  Indeed, 
the  product  was  not  final  even  at  the  time  of  his 
death.  Another  symptom  of  the  disorganization  of 
the  book  is  that  on  page  18,  standard  paragraphs 
headed  “Breeding  Range”  and  “Migration 
Routes  and  Wintering  Grounds”  are  sandwiched 
between  two  complete  subspecies  accounts;  these 
paragraphs  actually  belong  on  page  32,  following 
the  description  of  a  subspecies  on  page  29. 

Hanson  notes  that  25  races  of  white-cheeked 
geese  occur  at  Pierre,  SD,  and  were  found  in  the 
salvage  collections  from  Sand  Lake  NWR.  He 
actually  bases  the  descriptions  of  19  taxa  on  birds 
from  that  locality.  Nomenclaturally,  this  means 
that  19  holotypes  are  also  topotypes  of  18  other 
taxa.  Several  other  localities  are  type  localities  of 
more  than  one  taxon — Cudworth,  Saskatchewan, 
boasts  10  as  does  Cibola  NWR  with  some  in 
Arizona  and  some  in  California. 

Chapter  12  of  this  book  is  coauthored  by 
Hanson  and  B.  W.  Anderson.  The  last  11  races 
named  in  this  chapter  are  attributed  to  Hanson  and 
Anderson  as  authors,  but  the  first  13  in  the  chapter 
are  not  attributed.  It  is  not  clear  whether  the  first 
13  subspecies  should  be  said  to  be  named  by 
Hanson  alone  or  by  Hanson  and  Anderson. 
Presumably  Anderson  revised  the  chapter  exten¬ 
sively,  perhaps  writing  the  accounts  of  the  later 
races,  which  are  largely  based  on  specimens  that 
he  collected  for  Hanson. 

Chapters  28  and  29  are  lists  of  the  occurrence 
of  subspecies  in  the  physiographic  and  ecological 
types  to  which  Hanson  has  assigned  them  with 
little  discussion  of  the  types.  Table  28.1  uses  the 
English  name  Hutchins  Goose  rather  than  Arctic 
Goose  as  used  elsewhere  throughout  the  work  for 
B.  hutchinsii.  Hanson  professes  surprise  that  so 
many  of  the  races  are  restricted  to  islands — but 
that  is  the  way  he  assigned  the  breeding  ranges. 

Chapters  30  and  31  on  evolutionary  considera¬ 
tions  discuss  refugia  used  in  past  glacial  periods. 
The  proposed  refugia  seem  to  have  little  basis  in 
fact,  and  Hanson  seems  to  suggest  that  each  of  the 
present  races  had  its  own. 

Chapter  32  includes  six  graphs  showing 
regression  analyses  of  B.  hutchinsii  versus  B. 
canadensis,  maxima,  and  leucopareia  combined. 
The  larger  birds  are  combined  because  the  graphs 


were  done  before  the  decision  to  split  the  species 
was  made.  One  has  to  wonder  why  they  were  not 
re-done  after  that  decision,  or  if  not,  why  they  are 
included  at  all.  The  graphs  are  based  on  tables  that 
have  six  sets  of  data,  but  the  graphs  have  seven 
lines — unlabeled. 

Chapter  33  is  a  discussion  of  population, 
genetic,  physiological,  and  behavioral  considera¬ 
tions  that  have  permitted,  or  caused,  the  formation 
of  so  many  taxa.  Hanson  makes  the  point  that  no 
races  of  these  geese  (within  a  species)  are 
sympatric,  and  he  knows  of  no  intergrades. 
However,  populations  along  a  N-S  axis  tend  to 
be  morphological  intergrades  between  their  near¬ 
est  neighbor  races.  This  suggests  that  any 
intergrade  individual  would  have  been  named  as 
a  separate  taxon,  and  the  variation  is  in  fact  clinal. 

Chapter  34,  by  Anderson,  is  “a  statistical 
appraisal  of  the  morphological  realities”  of  five 
species  of  White-cheeked  Geese,  using  principal 
component  and  discriminant  function  analyses. 
Within  races  of  B.  hutchinsii,  “overlap  indicates 
the  relative  fallibility  of  trying  to  separate  races  of 
Arctic  Geese  (and  White-cheeked  Geese  in 
general)  on  the  basis  of  measurements  ...”  PC  A 
yielded  a  single  “size-shape”  variable,  but  “it 
remains  to  be  seen  how  this  essentially  new 
variable  can  be  used  to  provide  insight  into  the 
taxonomic  status  of  White-cheeked  Geese.” 
Complex  calculations  of  this  variable  for  individ¬ 
ual  birds  showed  only  that  large  birds  and  small 
birds  could  be  separated.  On  page  583,  we  learn 
that  similar-sized  taxa  of  canadensis  and  hutchin¬ 
sii  can  be  distinguished  by  the  tarsus-toe  ratio — a 
longer  toe  than  tarsus  in  canadensis,  a  longer 
tarsus  than  toe  in  hutchnsii. 

Chapter  35  is  an  attempt  to  show  the  validity  of 
color  in  the  racial  designations.  Sixteen  aspects  of 
color  or  pattern  were  coded  with  scores  ranging 
from  one  to  eight,  as  in  a  hybrid  index. 
Discriminant  function  analysis  then  indicated  the 
probability  that  individual  birds  in  sets  of 
populations  could  be  assigned  to  the  proper 
population  in  pairwise  comparisons. 

Chapter  36  is  on  evolutionary  considerations  of 
the  formation  of  the  subspecies.  Hanson  believes 
the  smaller-sized  species  B.  minima  and  leucopa¬ 
reia  developed  first,  during  warmer  Pliocene 
times.  Possibly  most  races  evolved  in  a  series  of 
punctuated  equilibrium  events  as  birds  occupied 
new  breeding  ranges  exposed  by  recession  of  ice 
sheets  during  the  Pleistocene.  More  northern  races 
of  canadensis  and  hutchnsii  have  longer  wings 
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and  legs  relative  to  body  size  than  southern  races, 
i.e.,  lighter  wing  loading.  Wing  loading  is  least  in 
B.  leucopareia,  which  migrates  farthest.  Hanson 
presents  a  convincing  account  of  how  both  size 
and  coloration  correlate  with  conditions  in 
breeding  areas  of  the  subspecies — convincing 
until  the  reader  realizes  the  great  majority  of  the 
specimens  used  in  the  study  were  wintering  or 
migrant  birds  and  that  most  of  the  breeding 
distributions  of  the  races  are  actually  unknown  or 
conjectural. 

The  final  chapter,  37,  is  on  conservation  and 
management,  which  are  dependent  on  acceptance 
of  the  reality  of  the  diversity  described  and  its 
linkage  to  geography.  The  difficulty  of  teaching 
managers  to  distinguish  200+  geese  at  the 
subspecific  level  is  noted,  but  at  most  localities 
there  will  be  only  a  few  forms.  A  section  by  B.  W. 
Anderson  indicates  this  identification  is  possible, 
at  least  by  someone  who  is  intimately  familiar 
with  the  geese,  and  notes  some  kinds  of  useful 
information  that  can  be  gathered  by  studying 
mixed  subspecies"  bags  of  hunted  birds.  My 
personal  view  is  that  these  volumes  will  be  of 
little  or  no  practical  use  in  goose  management.. 

The  body  of  work  set  forth  in  these  volumes 
relegates  avian  taxonomy  into  a  sad  and  bad  joke-. 
It  provides  a  great  load  of  ammunition  to  those 
ornithologists  who  already  deride  the  subspecies 
concept,  although  even  they  will  recognize  it  as 
woeful  over-splitting.  Hanson’s  worthwhile  early 
goose  work,  using  trace  elements  to  identify 
sources  of  migrant  populations  and  recognizing 
the  validity  of  the  subspecies  B.  c.  maxima,  will 
largely  be  forgotten  by  those  who  will  remember 
Hanson  on  the  basis  of  his  ridiculous  taxonomy. — 
RICHARD  C.  BANKS,  Department  of  Verte¬ 
brate  Zoology,  National  Museum  of  -Natural 
History,  P.  O.  Box  37012,  Washington,  D.’C. 
20013,  USA;  e-mail:  banksr@si.edu 

FEATHERED  DINOSAURS:  THE  ORIGIN 
OF  BIRDS.  By  John  Long  and  Peter  S.chouten. 
Oxford  University  Press,  New  York,  USA.  2008: 
193  +  xii  pages  and  over  80  colored  plates.  ISBN: 
978-0-1953-72663.  $39.95  (cloth).— The  title  is  a 
bit  misleading,  because  not  all  theropod  dinosaurs 
featured  are  known  to  have  been  feathered.  There 
is  relatively  little  discussion  of  the  origin  of  birds 
and  none  on  the  origin  of  feathers,  which  is  a  great 
story  recently  illuminated  by  evidence  from 
fossils  and  evolutionary  developmental  biology 


and  genetics.  However,  there  is  still  much  to  learn 
from  this  well-written  and  imaginatively  illustrat¬ 
ed  book.  Australian  paleontologist  John  Long  is  a 
specialist  in  Devonian  fishes,  and  has  done 
enormous  service  to  science  education  by  pub¬ 
lishing  many  popular  books  and  articles  on 
aspects  of  paleontology,  as  well  as  by  producing 
Museum  Victoria’s  terrific  kids’  magazine,  Dino- 
News.  Here  he  has  teamed  with  talented  artist 
Peter  Schouten,  who  has  meticulously  restored 
some  80  ancient  Theropods  (including  the  first 
known  birds)  in  full  color. 

The  book  is  organized  into  three  parts:  an 
introductory  chapter  (all  too  brief)  on  the  history 
of  knowledge  of  the  origin  of  birds,  eight  short 
chapters  on  subgroups  of  theropod  dinosaurs  most 
closely  related  to  birds,  and  a  gallery  of  paintings 
and  short  descriptions  of  79  individual  Mesozoic 
species,  accompanied  by  the  artist’s  explanations 
of  how  and  why  he  restored  the  animals  as  he  did. 
The  descriptions  of  the  species  are  informative 
and  accurate.  It  is  a  shame,  however,  that  the 
publishers  released  the  book  in  a  conventional 
portrait  rather  than  landscape  format:  all  of 
Schouten’ s  wonderful  paintings  are  split  by  the 
book’s  gutter. 

The  book  is  for  a  popular  audience  and 
probably  those  more  interested  in  dinosaurs  than 
in  birds  per  se.  The-  coverage  of  birds  ends  in  the 
Early  Cretaceous  and  comprises  only  four  pf 
about  a  hundred  known  Mesozoic  taxa,  compared 
to  75  illustrated  non-avian  theropods.  The  treat¬ 
ment  is  fine  as  far  as  it  goes,  but  a  great 
opportunity  is  missed  in  not  explaining  to  the 
popular  audience  more  about  how  birds  originat¬ 
ed,  and  how  this  was  deduced  by  scientists.  There 
is  a  tree  of  major  theropod  subgroups  in  the  first 
chapter  but  it  is  not  explained;  readers  cannot 
understand  the  methods  by  which  these  trees  are 
constructed,  nor  the  characteristics  that  link 
subgroups,  and  on  which  the  tree  is  based.  They 
will  remain  uninformed  about  the  sequence  of 
acquisition  of  evolutionary  features  that  made 
birds  what  they  came  to  be,  how  features  of 
feathers  evolved,  and  how  flight  began.  This  is  too 
bad,  because  the  general  view  of  paleontology, 
provided  ad  nauseam  by  documentary  producers 
and  popular  writers,  is  often  of  a  soft  science  in 
which  fossils  are  dug  up,  speculatively  recon¬ 
structed,  and  described  to  reinforce  the  dogmatic 
prejudices  of  various  scientists. 

The  explanations  of  the  basis  for  many  of  the 
reconstructions  by  artist  Schouten  tend  to  fall  into 
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the  trap  of  “this  feature  recalls  a  similar  feature  in 
a  living  bird,  so  this  dinosaur  may  have  done  X, 
for  which  color  Y  would  have  been  useful.”  Not 
necessarily  incorrect,  but  more  speculation  than 
method,  more  imagination  than  science,  which  is 
not  the  worst  thing  in  the  world  for  young  people. 
However,  it  is  also  critical  for  young  readers,  the 
general  public,  journalists,  and  textbook  writers  to 
understand  there  are  prescribed  principles  and 
methods  for  describing,  naming,  reconstructing, 
and  establishing  relationships  of  fossil  (as  well  as 
living)  organisms.  This  book  comes  to  the  verge 
of  being  useful,  but  for  an  understanding  of 
feathered  dinosaurs  and  the  origin  of  birds, 
general  readers  would  be  better  served  by  Luis 
Chiappe’s  Glorified  Dinosaurs  (2007),  Lowell 
Dingus  and  Tim  Rowe’s  The  Mistaken  Extinction 
(1997),  or  Christopher  Sloan’s  Feathered  Dino¬ 
saurs  (2000). — KEVIN  P  ADI  AN,  Museum  of 
Paleontology,  University  of  California,  Berkeley, 
CA  94720,  USA;  e-mail:  kpadian@berkeley. 
edu 

CRC  HANDBOOK  OF  AVIAN  BODY  MAS¬ 
SES.  Second  Edition.  Edited  by  J.  B.  Dunning. 
CRC  Press,  Taylor  &  Francis  Group,  2008:  672 
pages  including  bibliographical  references  and 
index,  plus  CD-ROM  with  searchable  electronic 
data  base.  ISBN:  978-1-4299-6444-5.  $119.95 
(cloth). — In  1984,  Dunning  published  the  first 
Monograph  of  the  Western  Bird  Banding  Associ¬ 
ation,  “Body  weights  of  686  species  of  North 
American  Birds”  and  in  1992  he  expanded  on  that 
work  when  CRC  published  the  first  edition  of  his 
Handbook  of  avian  body  weights,  at  370  pages. 
The  first  edition  has  been  used  and  cited  in 
hundreds  of  articles  and  books,  and  has  been  one 
of  the  most  useful  publications  in  ornithology. 
This  second  edition  brings  together  a  remarkable 
set  of  data  of  great  usefulness  to  ornithology, 
ecology,  and  comparative  biology. 

The  second  edition  presents  mass  data  for  over 
8,700  species  of  birds.  The  sources  of  data  were 
published  books  and  journal  articles,  unpublished 
data  from  collections  and  institutions,  and  bird 
banders  and  ornithologists  who  provided  their 
own  data.  The  geographic  coverage  is  compre¬ 
hensive  and  worldwide.  The  second  edition 
includes  data  from  Brazil,  Colombia,  Panama, 
Costa  Rica,  Peru,  and  New  Zealand  and  Japan  as 
well  as  previously  available  data  from  many 
museums  and  institutions.  Data  are  included  from 


species  accounts  in  The  birds  of  North  America; 
Handbook  of  the  birds  of  Europe,  the  Middle  East 
and  North  Africa-,  The  birds  of  Africa;  Handbook 
of  Australian ,  New  Zealand  and  Antarctic  birds 
(through  2006),  and  many  regional  and  avian 
systematics  books  and  life  history  articles  pub¬ 
lished  from  1992  through  2007,  as  well  as  data 
that  were  in  the  first  edition  of  the  book.  The 
references  are  numbered  through  1,369  and 
represent  a  remarkable  amount  of  work  on  the 
part  of  the  author,  and  his  library  and  museum 
collaborators,  all  for  the  benefit  of  readers 
interested  in  birds. 

Mass  data  (grams)  are  listed  in  systematic 
sequence  in  terms  of  scientific  and  common 
English  name  of  the  species,  the  mean,  SD,  min 
and  max,  location  (usually  country),  and  the 
source  of  information,  coded  to  publication, 
institution,  or  individual.  Where  information  was 
available,  the  data  are  listed  separately  for  males 
and  females  and  for  subspecies.  I  checked  the 
book  for  entries  in  the  family  Estrildidae.  The 
number  of  birds  in  the  samples  ranged  from  one  to 
hundreds  from  a  conservation  program  in  the 
Northern  Territory  in  Australia.  A  few  errors  crept 
into  the  book,  as  the  “n  =  81”  records  for  Rock 
Firefinch  ( Lagonosticta  sanguinodorsalis ;  n  =  3 
birds  in  the  source  cited).  Where  mass  data  were 
available  from  several  sources,  only  one  source 
was  cited.  In  some  cases  more  details  are 
available,  e.g.,  the  size  of  small,  large,  and 
huge-billed  Black-bellied  Seedcrackers  ( Pyre - 
nestes  ostrinus )  (means,  18.6  g,  20.9  g,  29.0  g) 
were  given  only  for  the  small  and  large-billed 
birds — the  huge-billed  birds  are  the  largest  of  all 
estrildid  finches. 

The  work  is  comprehensive  and  accurate.  I 
noticed  only  a  few  typographical  errors,  and  none 
of  those  affect  the  usefulness  of  the  book  (users  of 
the  CD-ROM  alone  might  miss  a  few  authors’ 
names).  Recent  systematic  arrangements  are 
followed.  A  few  taxonomic  details  remain  for 
the  user  to  interpret;  for  example  the  record  of 
Lonchura  ferruginosa  on  Halmahera  follows  a 
short-lived  use  of  that  name  for  a  munia  on 
Halmahera  that  is  more  generally  recognized  as 
the  species  L.  atricapilla;  L.  ferruginosa  occurs 
only  on  Java  and  Bali.  A  few  other  errors  were 
noted,  as  in  the  source  location  for  Black-bellied 
Firefinch  ( Lagonosticta  rara )  as  “South  Africa”, 
which  is  outside  the  geographic  range  of  that 
species,  and  not  the  region  cited  in  the  source. 
Because  the  sources  are  cited,  the  user  can  check 
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any  records  for  accuracy,  although  the  level  of 
accuracy  in  the  Handbook  is  high  and  the  work  is 
especially  notable  in  its  comprehensive  coverage 
of  species.  The  book  has  mass  data  on  23  species 
of  estrildids  for  which  I  had  not  located  published 
information  or  museum  data,  and  it  missed  only  a 
couple  species  that  I  had  come  across. 

A  special  section  of  the  book,  by  Eugene  P. 
Odum,  lists  data  for  migrant  birds  in  the  eastern 
United  States.  It  lists  wet,  dry,  fat-free  and  ash¬ 
free  masses  for  43  species.  The  section  includes 
some  data  that  were  published  in  papers  in  the 
1960s,  as  well  as  previously  unpublished  data. 

The  book  is  recommended  highly  to  ornithol¬ 
ogists  and  to  institutional  libraries.  It  is  well 
produced,  easy  to  use,  and  opens  a  world  of  data 
for  the  comparative  study  of  birds. — ROBERT  B. 
PAYNE,  Professor  Emeritus,  University  of 
Michigan,  1306  Granger  Avenue,  Ann  Arbor, 
MI  48104,  USA;  e-mail:  rbpayne@umich.edu 

THE  ATLAS  OF  THE  BREEDING  BIRDS  OF 
ONTARIO,  2001-2005.  Edited  by  Michael  D. 
Cadman,  Donald  A.  Sutherland,  Gregor  G.  Beck, 
Denis  Lepage,  and  Andrew  R.  Couturier.  Co¬ 
published  by:  Bird  Studies  Canada,  Environment 
Canada,  Ontario  Field  Ornithologists,  Ontario 
Ministry  of  Natural  Resources,  and  Ontario 
Nature,  Toronto,  Ontario,  Canada,  2007:  706 
pages.  ISBN:  978-1-896059-15-0.  $92.50  (hard¬ 
cover). — The  Canadian  province  of  Ontario  is  an- 
extraordinary  place  for  birds.  It  encompasses 
many  different  habitats,  from  the  world  renowned 
migratory  flyways  at  its  southern  boundary,  the 
populous  and  heavily  cultivated  south,  through 
vast  stretches  of  Boreal  forest  wilderness,  to  the 
Hudson  Bay  lowlands  at  its  northern  edge.  These 
habitats  provide  breeding  areas  -  Tor  *  a  great 
diversity  of  birds.  The  new  Atlas  of  Breeding 
Birds  of  Ontario  celebrates  this  diversity  by 
presenting  a  thorough  and  engaging  summary  of 
a  5-year  survey.  It  is  a  monumental  achievement 
and  sets  a  new  standard  for  breeding  bird  atlases. 

This  is  the  second  edition  of  Ontario’s  breeding 
bird  atlas,  describing  a  province- wide' assessment 
conducted  between  2001  and  2005.  Data  collec¬ 
tion  involved  3,417  volunteers  who  surveyed 
Ontario’s  1  million  km2  of  bird  habitat.  The 
survey  effort  was  more  extensive  in  the  heavily 
populated  south  than  in  the  northern  wilderness, 
but  the  coverage  throughout  the  entire  province  is 
impressive.  Consequently  the  atlas  provides  a 


rigorous  and  comprehensive  census  of  Ontario’s 
breeding  birds. 

Species  accounts  for  each  of  Ontario’s  287 
species  of  breeding  birds  are  presented  in  two 
large  facing  pages.  Each  species  account  includes 
several  photographs  and  one  to  four  maps 
showing  presence  of  breeding  individuals  and 
patterns  of  relative  abundance.  The  text  for  each 
species  account  is  divided  into  four  sections.  (1)  A 
brief  introduction  .to  the  species.  (2)  A  summary 
of  the  species’  distribution  and  population  status 
in  Ontario,  often  including  comparisons  to  the 
first  breeding  atlas  and  to  other  early  historical 
accounts  as  well.  (3)  A  brief  overview  of  the 
breeding  biology  of  the  species.  (4)  A  short 
paragraph  describing  patterns  of  abundance.  The 
writing  is  concise  and  well-referenced.  An 
additional  20  species,  known  to  have  bred  in 
Ontario  in  the  past  but  absent  from  the  2001-2005 
survey,  are  given  a  brief  treatment  at  the  end  of 
the  atlas. 

In  addition  to  the  species  accounts,  the  book 
features  50  pages  of  general  information.  This 
section  includes  specific  details  about  how  the 
data  in  the  atlas  were  collected.  It  also  includes 
•well-written  sections  on  the  biogeography  of 
Ontario,  overall  results  of  the  atlas,  and  carefully 
written  notes  about  changes  in  bird  distributions 
in  Ontario  over  time.  Each  of  these  sections 
includes  beautifully  produced  maps  and  graphs. 

The  book  shows  striking  differences  from  the 
first  atlas  of  Ontario  breeding  birds,  which 
described  the  period  from  1980  to  1985.  The 
second  atlas  is  physically  larger:  23  by  31  cm  and 
706  pages  compared  to  22  by  25  cm  and  617 
'pages  in  the  first  atlas.  Gone  are  the  black-and- 
white  pen-and-ink  drawings  of  each  species, 
replaced  with  glossy  photographs.  Effort  was 
clearly  spent  in  choosing  interesting  photos,  often 
emphasizing  breeding  activities  of  birds  by 
showing  them  at  their  nest  or  with  supplemental 
photos  of  their  nesting  habitat  in  Ontario.  Gone 
are  the  maps  with  subtly  variable  shades  of  red  to 
indicate  evidence  for  breeding,  replaced  with  bold 
multi-colored  maps  showing  breeding  evidence 
and  relative  abundance  contours. 

The  more  time  I  spend  with  the  atlas,  the  more  I 
find  myself  poring  over  the  maps.  Each  10  km2  in 
southern  Ontario  (or  100  km2  in  northern  Ontario) 
uses  a  yellow/orange/red  color,  •  scheme  to  show 
whether  a  species’  breeding  activities  were 
possible/probable/confirmed  in  that  area.  A  yellow 
dot  in  the  center  of  each  square  indicates  birds  were 
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found  in  the  second  atlas  but  not  the  first,  while  a 
black  dot  indicates  birds  were  found  in  the  first 
atlas  but  not  the  second.  The  resulting  maps 
provide  not  just  snapshots  of  the  current  distribu¬ 
tion  of  breeding  birds,  but  also  dynamic  patterns  of 
change  in  Ontario’s  bird  populations.  Waves  of 
yellow,  for  example,  show  the  growth  of  Ontario’s 
Merlin  {Falco  columbarius)  and  Wild  Turkey 
( Meleagris  gallopavo)  populations,  and  the  range 
expansions  of  House  Finches  ( Carpodacus  mex- 
icanus)  and  Canada  Geese  ( Branta  canadensis ) 
over  the  last  25  years.  Waves  of  black,  in  contrast, 
show  worrisome  reductions  in  Chimney  Swift 
0 Chaetura  pelagica ),  Whip-poor-will  ( Caprimul - 
gus  vociferus ),  and  Common  Nighthawk  ( Chor - 
deiles  minor)  throughout  the  province.  These 
patterns  can  help  direct  conservation  efforts  by 
indicating  important  bird  habitats,  providing  data 
for  understanding  population  trends,  and  will  help 
guide  the  expeditions  of  recreational  birdwatchers. 

Based  on  the  high  quality  of  the  data  present  in 
this  atlas,  the  engaging  full-color  distribution  and 
abundance  maps,  the  attractive  color  photographs, 
the  carefully  written  text,  and  the  general  analyses 
of  patterns  of  change,  I  recommend  this  book  be 
present  in  every  Ontario  library,  including  public 
libraries,  school  libraries,  and  the  personal 
libraries  of  serious  birdwatchers.  Biologists 
throughout  Canada  and  the  northeastern  United 
States  will  also  find  much  interest  in  the  atlas  as  a 
point  of  comparison  to  adjacent  regions,  or  as  a 
source  of  information  in  guiding  their  own  survey 
efforts.  Moreover,  conservation-minded  biologists 
beyond  Ontario  will  find  this  atlas  an  important 
resource  for  understanding  changes  in  animal 
breeding  patterns. — DANIEL  J.  MENNILL,  De¬ 
partment  of  Biological  Sciences,  University 
of  Windsor,  Windsor,  ON  N9B  3P4,  Canada; 
e-mail:  dmennill@uwindsor.ca 

THE  PRINCETON  ENCYCLOPEDIA  OF 
BIRDS.  Edited  by  Chris  Perrins.  Princeton 
University  Press,  Princeton,  New  Jersey,  USA 
and  Oxford,  United  Kingdom.  2009:  656  pages, 
hundreds  of  photographs  and  drawings.  ISBN: 
978-0-691-14070-4.  $35.00  (paper). — Revised 
version  of  2004  book. — The  book  describes  and 
illustrates  all  families  of  the  birds  of  the  world. 
The  family  accounts  are  written  by  many  experts. 
The  classification  is  conservative,  following  the 
arrangement  of  species,  genera,  and  families  in 
Checklist  of  birds  of  the  world  by  J.  L.  Peters  et  al. 


(1931-1987)  with  a  few  updates  from  the 
molecular  results  of  Charles  Sibley  and  collabo¬ 
rators  through  1990.  The  orders  and  families 
appear  in  systematic  sequence  with  one  to  many 
pages  for  each  family  (8  pages:  herons,  ibises  and 
spoonbills;  cranes;  sandpipers;  auks;  pigeons  and 
doves;  nightjars;  woodpeckers;  crows;  10  pages: 
penguins;  owls;  hummingbirds;  12  pages:  hawks; 
eagles  and  Old  World  vultures;  14  pages: 
waterfowl  with  a .  description  of  15  systematic 
tribes;  16  pages:  parrots).  Each  family  account  is 
illustrated  with  photographs  or  drawings.  Select 
references  are  included  (92  regional  and  general 
books,  49  books  on  families  or  other  systematic 
groups).  A  glossary  describes  terms  used  in  the 
text,  a  photograph  credits  section  shows  who  took 
the  pictures,  and  an  index  provides  ready  access  to 
certain  birds  and  features  of  their  biology. 

The  introduction  (16  pages)  describes  the 
diversity  of  birds,  their  fossil  history,  body  plans 
for  flight,  feathers,  breeding  and  nests.  The  family 
accounts  are  packed  with  facts  about  birds.  Fact 
files,  boxed  for  each  family,  list  number  of 
species,  species  of  special  interest,  geographic 
distribution  (with  a  map),  habitat,  size,  plumage, 
voice,  nests,  eggs,  diet,  and  conservation  status 
(number  of  species  of  concern),  depending  on  the 
family. 

The  text  and  illustrations  in  the  family  accounts 
describe  the  birds  and  highlight  their  biology. 
These  accounts  include  food  and  diving  (in 
penguins  and  pelicans  with  photographs  and 
drawings  of  diving  by  pelicans;  surface  feeding 
by  frigatebirds,  which  cannot  dive  under  water; 
suction  filter-feeding  by  flamingos)  and  odd  ways 
of  getting  their  food,  as  in  African  honeyguides 
that  guide  people  to  bee  nests,  and  neotropical 
antbirds  that  follow  army-ant  swarms  as  the  ants 
flush  insects  from  the  ground.  Migration  is  high 
on  the  list  of  why  people  are  interested  in  birds. 
High-latitude  northern  waterfowl  have  remarkable 
long-distance  migrations.  Northern  geese  eat 
greens  with  an  inefficient  gut  but  a  high  rate  of 
feeding.  They  store  the  food  in  the  form  of  body 
reserves  as  they  prepare  for  their  migratory 
journey,  and  as  they  move  northward  they  visit 
a  series  of  early  spring  seasons  and  feed  on  fresh 
green  growth.  Females  use  these  stored  body 
reserves  to  get  a  head  start  in  the  development  of 
their  eggs,  which  are  laid  soon  after  they  arrive, 
and  they  use  their  reserves  when  opportunities  for 
feeding  are  limited  during  their  long  incubation. 
In  a  flightless  migration,  emus  undergo  seasonal 
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movements  in  Australia.  Song-learning,  another 
subject  of  interest  in  birds,  is  not  a  main  subject  of 
the  book,  although  the  remarkable  vocal  mimicry 
of  Australian  lyrebirds  and  its  cultural  transmis¬ 
sion  is  discussed. 

Some  family  accounts  include  informative 
accounts  of  behavior  (courtship  display  is  well 
illustrated  for  grebes,  storks,  bustards,  terns,  and 
wrens)  and  breeding  biology.  In  Spain,  when  their 
breeding  areas  become  dry,  each  day  flamingos 
commute  as  far  as  150  km  each  way  between  their 
stranded  chicks  and  the  estuaries  where  they 
feed).  Sandgrouse  feathers  are  illustrated  with 
their  coiling  barbs  that  allow  the  adult  to  be  a 
flying  water  carrier  to  the  young  in  the  desert.  The 
bower-building  of  Australian  bowerbirds  is  well 
illustrated,  as  are  tool-using,  memory  and  the 
cognitive  behavior  of  the  corvids.  Accounts  of 
breeding  biology  include  coloniality  in  penguins, 
pelicans,  herons,  and  seabirds.  Megapode  mound¬ 
building  includes  using  the  heat  of  decaying 
vegetation  and  geothermal  activity  to  develop 
the  eggs.  Several  bird  families  have  variable  mating 
systems  with  polygamy  and  polyandry,  especially 
the  shorebirds;  many  have  show-off  males,  as  the 
manakins;  and  many  breed  cooperatively,  often  in 
extended  family  groups,  including  the  trumpeters, 
wood-hoopoes,  toucans,  New  Zealand  wrens, 
Australian  fairy-wrens,  and  corvids. 

Other  families  are  discussed  from  a  viewpoint 
of  conservation.  Grebes  were  important  in  the 
early  trade  in  bird  feathers,  seven  species  are 
listed  in  the  Red  Data  Book;  storm  petrels  are 
attracted  to  breeding  sites  by  playback  of  recorded 
calls,  and  new  colonies  may  be  established  this 
way;  the  California  Condor  ( Gymnogyps  califor- 
nianus )  recovery  program  is  described  through 
1998;  the  Whooping  Crane  ( Grus  americana ) 
recovery  program  is  described  through' 2002  .with 
ultralight  aircraft  and  broadcasts  of  their  calls  to 
guide  the  young  captive-reared  birds  in  migration; 
the  Guam  Rail  ( Gallirallus  owstoni)  is  extinct  in 
the  wild  but  survives  in  breeding  populations  in 
captivity  and  has  been  tested  with  introduction 
into  snake-free  areas  with. limited  success  (results 
not  described  in  the  book);  Alagoas  Curassow 
( Mitu  mitu )  is  perhaps  extinct  in  the  wild  but 
survives  in  captivity;  endangered  megapodes  have 
been  translocated  to  offshore  islands,  so  far 
without  success.  After  a  long  absence  of  field 
observations,  White-winged  Guans  ( Penelope 
jacquaca),  thought  to  be  extinct  in  1870,  were 
rediscovered  only  in  1977.  The  history  of  pollution 


by  organochlorides  on  falcons  and  other  raptors, 
and  the  revival  of  their  populations  after  these 
pesticides  were  banned  in  Europe  and  North 
America  give  hope  for  conservation  concerns. 
Other  accounts  of  birds  and  man  give  a  history  of 
discovery  (penguins  were  first  described  for 
western  eyes  in  the  1500s  by  Portuguese  explorers 
Vasco  de  Gama  and  Ferdinand  Magellan). 

The  book  is  written  in  a  clear  and  entertaining 
manner.  It  is  a  good  browse  on  the  diversity  of 
birds,  although  it  lacks  an  evolutionary  perspec¬ 
tive  on  the  nature  of  species  and  the  news  about 
phylogenetic  relationships  among  birds.  For  more 
recent  information  on  these  birds,  the  reader  can 
use  the  web.  The  photographs  are  well  worth  the 
cost  of  the  book.  I  recommend  it  to  anyone  with 
an  interest  in  birds. — ROBERT  B.  PAYNE, 
Professor  Emeritus,  University  of  Michigan, 
1306  Granger  Avenue,  Ann  Arbor,  MI  48109, 
USA;  e-mail:  rbpayne@umich.edu 

IDENTIFICATION  GUIDE  TO  NORTH 
AMERICAN  BIRDS.  PART  II.  By  Peter  Pyle. 
Slate  Creek  Press,  Point  Reyes  Station,  California, 

,  USA.  2008:  835  pages,  556  illustrations.  ISBN: 
978-0-96189-404-7.  $62.38  (paper).— The  much 
anticipated  publication  of  Part  II  completes  the 
Identification  Guide,  which  is  a  handbook  to  the 
identification,  and  classification  of  males/females 
and  age  for  species  nesting  and  regularly  occur¬ 
ring  in  the  continental  United  States  and  Canada. 
Part  II  contains  information  on  birds  from 
waterfowl  through  alcids  as  doves  through  passer¬ 
ines  were  included  in  Pyle  1997:  Identification 
'  Guide  to  North  American  Birds,  Part  I  (Slate  Creek 
Press;  Point  Reyes  Station,  CA,  USA).  The  core  of 
Part  II  is  the  ‘species  accounts,  which  includes 
criteria  for  classification  of  males/females  and  age, 
and  description  of  molt  timing  and  extent.  Molt 
terminology  follows  Howell  et  al.  (2003.  The  First 
Basic  problem:  a  review  of  molt  and  plumage 
homologies.  Condor  105:635-653). 

Part  II  begins  with  an  initial  overview  of  bird 
topography,  measurements,  molt  and  molt  limits, 
and  techniques  for  classification  of  males/females 
and  age.  A  brief  description  of  how  to  use  the 
book  follows  with  guidance  on  how  to  understand 
and  use  the  information,  and  how  bird  banders 
should  use  the  data  in  this  volume.  Accounts 
follow  for  310  species  containing  276  subspecies. 
The  species  accounts  in  Part  II  follow  the  basic 
format  of  Part  I  with  information  in  each  account 
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on  species  identification,  subspecies,  classifica¬ 
tion  of  males/females  and  age,  molt  extent  and 
timing,  reported  hybrids,  and  references.  The 
references  appear  complete  and  provide  a  useful 
starting  point  for  researchers. 

There  are  several  minor  differences  in  presen¬ 
tation  between  the  two  volumes.  The  author 
responded  to  comments  from  users  of  Part  I  in 
organization  and  use  of  criteria  for  classification 
of  males/females  and  age;  the  most  important 
criterion  is  now  listed  first  rather  than  in  order  by 
topography.  The  species  identification  informa¬ 
tion  is  more  detailed  than  in  Part  I,  allowing 
identification  of  portions  of  carcasses.  This 
increases  the  utility  of  this  reference  for  beached 
bird  surveys,  collections  under  wind  turbines,  and 
other  situations  where  only  a  part  of  the  carcass  is 
salvaged.  The  section  on  geographic  variation  in 
Part  II  is  expanded  to  include  all  subspecies  in  the 
USA  and  Canada  whether  the  author  considers 
them  to  be  valid  or  not.  A  more  extensive 
discussion  of  alternative  subspecific  treatments 
is  included  and  referenced  than  in  Part  I. 
Treatment  of  subspecies  mentioned  in  Part  II 
tends  to  be  conservative;  the  author  uses  the 
guideline  that  75%  of  the  individuals  in  a 
subspecies  have  to  be  separable  from  other 
subspecies.  For  example,  Pyle  lists  only  one 
subspecies  of  Red  Knot  ( Calidris  canutus),  while 
the  Birds  of  North  America  account  (#  563)  lists 
three  for  North  America.  A  major  difference 


between  the  volumes  is  the  amount  of  new  and 
previously  unpublished  information  in  Part  II. 

It  should  not  be  surprising  to  have  researchers 
find  data  in  need  of  correction  with  so  much  new 
information  contained  in  this  book.  A  web  site  has 
been  created  for  errata  and  discussion  at  http:// 
slatecreekpress.com.  This  volume  is  essential  for 
bird  banders  and  those  conducting  avian  mortality 
studies.  It  also  provides  a  great  starting  place  for 
those  interested  in  molt  or  looking  for  ideas  on 
potential  research  projects.  Part  II  deserves  a  wider 
global  audience  than  Part  1 ,  as  many  species  have 
broad  distributions  and  their  species  accounts  are 
relevant  for  other  continents.  Typographical  errors 
are  amazingly  rare  and,  after  spending  a  great  deal 
of  time  with  the  book,  I  finally  found  two 
insignificant  typographical  errors. 

I  thoroughly  enjoyed  reading  the  species 
accounts  and  learning  or  relearning  information 
on  age  at  maturity,  variation  in  molt  timing  and 
extent,  and  identification  criteria  for  genera  or 
species.  The  author  is  commended  for  an 
outstanding  effort  to  bring  a  vast  amount  of 
information  together  in  one  place.  I  highly 
recommend  Part  II  (and  Part  I)  as  ornithologists 
and  serious  birders  should  own  and  use  both 
volumes.  There’s  not  much  danger  of  mine 
collecting  dust  on  a  shelf! — MARY  GUSTAF¬ 
SON,  Rio  Grande  Joint  Venture,  Mission,  TX 
78572,  USA;  e-mail:  mary.gustafson@tpwd. 
state.tx.us 
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FRONTISPIECE.  Three-striped  Warblers  (Basileuterus  tristriatus)  were  studied  in  the  northern  Andes  of  Venezuela. 
Temperate  and  tropical  parulids  differ  strongly  in  life  histories.  Three-striped  Warblers  have  smaller  clutches,  longer 
incubation  periods,  lower  nest  attentiveness,  longer  off-bouts,  and  slower  nestling  growth  rates  than  most  temperate  species. 
Water  color  by  Don  Radovich. 
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BREEDING  BIOLOGY  OF  THE  THREE-STRIPED  WARBLER  IN 
VENEZUELA:  A  CONTRAST  BETWEEN  TROPICAL  AND 
TEMPERATE  PARULIDS 

W.  ANDREW  COX1’3  AND  THOMAS  E.  MARTIN2 


ABSTRACT. — We  document  reproductive  life  history  traits  of  the  Three-striped  Warbler  ( Basileuterus  tristriatus)  from 
146  nests  in  Venezuela  and  compare  our  results  to  data  from  the  literature  for  other  tropical  and  temperate  parulid  species. 
Mean  (±  SE)  clutch  size  was  1.96  ±  0.03  eggs  (n  =  96)  and  fresh  egg  mass  was  2.09  ±  0.02  g.  The  incubation  period  was 
15.8  ±  0.2  days  (n  =  23)  and  the  nestling  period  was  10.5  ±  0.3  days  ( n  =  12).  Males  did  not  incubate  and  rarely  provided 
food  for  females  during  incubation.  Females  had  57  ±2 %  (n  =  49)  nest  attentiveness  (%  of  time  on  the  nest  incubating), 
which  caused  egg  temperature  to  commonly  become  cold  relative  to  development.  Both  adults  fed  nestlings  and  feeding 
rates  increased  with  nestling  age.  The  growth  rate  constant  for  nestlings  based  on  mass  was  K  =  0.490,  which  is  slower  than 
for  north  temperate  warblers.  Predation  was  the  primary  source  of  nest  failure  and  only  22%  of  nests  were  successful  based 
on  a  Mayfield  daily  predation  rate  of  0.048  ±  0.006.  Our  literature  review  indicates  parulids  differ  strongly  in  life  histories 
between  temperate  and  tropical/subtropical  sites  with  species  in  the  tropics  having,  on  average,  smaller  clutches,  longer 
incubation  periods,  lower  nest  attentiveness,  longer  off-bouts,  and  longer  nestling  periods.  Received  11  October  2008. 
Accepted  6  June  2009. 


Life  history  strategies  often  show  strong 
differences  between  north  temperate  versus  sub¬ 
tropical  and  tropical  sites  (Moreau  1944;  Lack 
1947;  Ricklefs  1976;  Martin  et  al.  2000,  2006, 
2007;  Martin  2004),  although  the  extent  of 
differences  varies  among  phylogenetic  groups 
(Fierro-Calderon  and  Martin  2007,  Martin  and 
Schwabl  2008).  Wood-warblers  (Parulidae)  in¬ 
clude  a  diversity  of  species  across  latitudes  and 
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appear  to  show  strong  latitudinal  patterns  in  life 
history  traits  (Martin  et  al.  2000,  Martin  2002, 
Auer  et  al.  2007).  The  wood-warbler  genus 
Basileuterus,  comprised  of  20  species,  is  a 
particularly  widespread  group  distributed  from 
Argentina  to  Mexico  with  records  reaching  as  far 
north  as  southern  Texas  and  Arizona  (Dunn  and 
Garrett  1997).  One  species  is  endangered  ( B . 
griseiceps),  but  most  others  are  common  through¬ 
out  their  range  and  are  of  low  conservation 
concern  (IUCN  2006).  Little  is  known  about  the 
life  histories  of  most  species  despite  their  broad 
distribution  and  relative  abundance.  Basic  infor¬ 
mation  including  nest  descriptions  and  clutch  size 
is  lacking  for  many  species  (Curson  et  al.  1994). 
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Reproductive  traits  including  incubation  period, 
nest  attentiveness,  and  nestling  growth  are 
described  for  even  fewer  members  of  Basileuterus 
or  other  parulid  genera  (but  see  Skutch  1954, 
Ghalambor  and  Martin  2001,  Martin  2002,  Auer 
et  al.  2007).  The  dearth  of  information  from  the 
Tropics  and  the  suggestion  that  Wood-warblers 
may  show  strong  latitudinal  patterns  make  them 
an  important  group  to  study  for  improving  our 
understanding  of  latitudinal  patterns  in  life  history 
traits. 

We  describe  the  reproductive  biology  of  the 
Three-striped  Warbler  ( B .  tristriatus )  in  northern 
Venezuela.  This  warbler  inhabits  the  understory 
of  mature  and  second  growth  forests  from  800  to 
2,700  m  elevation  in  Costa  Rica,  Panama,  and  in 
the  Andes  from  Venezuela  to  Bolivia  (Hilty 
2003).  Nest  and  clutch  sizes  have  been  described 
in  both  Ecuador  and  Costa  Rica  (Greeney  et  al. 

2005,  Jablonski  et  al.  2006),  but  no  other 
reproductive  traits  have  been  documented.  We 
provide  detailed  data  based  on  146  nests  in  a 
montane  cloud  forest  in  Venezuela  during  2002- 

2006.  We  also  present  a  review  of  the  current 
literature  for  all  parulids  and  compare  our  results 
to  other  species  throughout  North,  Central,  and 
South  America. 

METHODS 

We  searched  for  nests  from  March  to  July, 
2002-2006,  in  Yacambu  National  Park  in  Lara, 
Venezuela  (09°  42'  N,  69°  42'  W).  This  moun¬ 
tainous  park  on  the  northernmost  edge  of  the 
Andes  is  characterized  by  second  growth  and 
mature  tropical  forest.  The  park  ranges  from  500 
to  2,200  m  and  our  field  sites  occurred  from  1,350 
to  2,000  m  elevation.  We  located  nests  via 
systematic  and  behavioral  searches,  and  moni¬ 
tored  them  every  2-4  days,  except  at  stage¬ 
changing  events  (laying,  hatching,  fledging)  when 
we  monitored  nests  daily  or  twice  daily  (Martin 
and  Geupel  1993).  Nest,  egg,  and  nestling 
measurements,  and  behavioral  data  were  collected 
following  Martin  et  al.  (2000,  2006,  2007)  and 
Fierro-Calderon  and  Martin  (2007).  We  measured 
egg  mass  (g)  and  nestling  growth  using  ACCU- 
LAB  (Elk  Grove,  IL,  USA)  portable  electronic 
scales  with  an  accuracy  of  ±0.001  g  during  early 
incubation  (days  0-2)  for  egg  mass  and  every 
other  day  (starting  on  day  0-  or  1)  for  nestling 
growth.  Growth  rates  for  non-experimental  nests 
were  calculated  following  Remes  and  Martin 
(2002),  and  nest  predation  and  survival  rates  were 


calculated  following  Mayfield  (1961,  1975)  and 
Hensler  and  Nichols  (1981).  Nesting  season 
length  was  estimated  as  the  middle  90%  of  nest 
initiations  (exclusion  of  earliest  5%  and  latest 
5%)  following  Martin  (2007).  We  used  video 
cameras  to  measure  parental  behavior  for  6-8  hrs 
starting  at  dawn  during  incubation  and  nestling 
phases.  Nest  attentiveness  (%  of  time  on  the  nest 
incubating)  was  calculated  for  each  nest  as  the 
number  of  minutes  on-  the  nest/total  minutes 
video-monitored.  We  calculated  the  incubation 
period  as  the  number  of  days  that  lapsed  between 
the  day  the  last  egg  was  laid  and  when  the  first 
egg  hatched  (Briskie  and  Sealy  1990).  We 
calculated  the  nestling  period  as  the  number  of 
days  that  lapsed  from  when  the  first  egg  hatched 
until  the  first  nestling  fledged. 

Egg  temperatures  (°C)  were  measured  for  B: 
tristriatus  by  inserting  thermisters  on  the  first  or 
second  day  of  incubation  into  the  center  of  one 
egg  in  each  nest  through  a  small  hole  sealed  with 
glue  (Weathers  and  Sullivan  1989).  The  wire  was 
threaded  through  the  nest  and  connected  to  a 
HOBO  Stowaway  XTI  datalogger  (Onset  Corpo¬ 
ration,  Bourne,  MA,  USA)  that  recorded  temper¬ 
atures  every  12-24  sec  for  5-7  days  per  nest 
(Martin  et  al.  2007,  Martin  and  Schwabl  2008). 
Ambient  temperatures  were  measured  over  the 
same  periods  using  a  shaded  probe  near  the  nest. 
We  also  measured  egg  temperatures  for  Red-faced 
Warblers  ( Cardellina  rubrifrons)  in  northern 
Arizona  using  the  same  methodology  (Martin  et 
al.  2007). 

We  searched  the  literature  for  life-history  data 
for  all  species  in  the  Parulidae  with  which  to 
compare  our  results.  We  first  consulted  The  Birds 
of  North  America  data  base  (Poole  2005)  and 
supplemented  these  data  with  those  from  other 
literature.  We  calculated  weighted  means  for 
clutch  sizes,  incubation  periods  (days),  and 
nestling  periods  (days)  when  multiple  mean 
values  and  sample  sizes  were  provided,  or  when 
only  raw  data  were  available.  We  recorded  a 
range  of  values  when  means  could  not  be  reliably 
calculated;  these  were  excluded  from  analyses 
when  we  compared  temperate  and  tropical/ 
subtropical  species. 

Statistical  Analysis. — Means  are  reported  with 
±1  standard  error  (SE)  for  all  data  and  sample 
sizes  reflect  numbers  of  nests  sampled.  We  used 
SPSS  Version  15.0  (2006)  for  all  statistical  tests. 
We  used  analysis  of  variance  (ANOVA)  to  test  for 
temporal  changes  in  nest  attentiveness  (%  time  on 


Cox  and  Martin  •  BREEDING  BIOLOGY  OF  A  TROPICAL  WARBLER 


669 


16  -i 


14  - 


Mar  Apr  May  Jun  Jul 

FIG.  1.  Temporal  distribution  of  nest  initiation  dates  (date  the  first  egg  is  laid  in  a  nest)  for  the  Three-striped  Warbler 
among  weekly  (7  day)  intervals. 


the  nest)  and  mean  on-  and  off  bouts  during 
incubation  by  separating  the  stage  into  three 
categories  (early,  2-3  days;  middle,  5-7  days; 
late,  12-14  days).  We  used  least-significant 
difference  tests  (LSD)  to  conduct  post  hoc  tests 
when  ANOVA  results  were  significant  (a  <  0.05). 
We  used  linear  regression  to  test  for  relationships 
between  temporal  changes  in  parental  behavior 
during  the  nesting  stage  (e.g.,  brooding  effort, 
feeding  rates).  We  examined  distributions  of  life- 
history  trait  data  for  temperate  and  subtropical/ 
tropical  warblers  using  a  Shapiro-Wilks  test.  One 
or  both  of  the  distributions  departed  from 
normality  for  most  life-history  traits,  so  we  used 
non-parametric  Mann- Whitney  //-tests  to  test  for 
differences  in  life-history  traits  between  temperate 
and  subtropical/tropical  warblers  (Zar  2010). 

RESULTS 

Nest  and  Eggs. — We  found  146  nests  in  5  years 
of  field  work.  Three-striped  Warblers  build  a 
small,  domed  nest  with  a  side  entrance.  The  inside 
of  the  cup  measured  5.08  ±  0.08  cm  in  diameter 
and  3.38  ±  0.10  cm  in  height,  while  the  outside 
diameter  and  height  averaged  11.46  ±  0.38  cm 
and  7.29  ±  0.35  cm,  respectively.  Nests  were  on 
the  ground  ( n  =  146)  on  a  steep  slope  or  bank, 
built  into  leaf  litter  or  under  the  base  of  saplings 
and  small  trees.  Nests  were  frequently  placed  in 
the  forest  interior  but  some-  were  built  into 
exposed  roadside  banks,  culverts,  and  drainages. 

Dates  of  nest  initiation  (i.e.,  first  egg  laid)  ranged 


from  8  March  to  25  June  across  years  (Fig.  1). 
Nests  were  usually  initiated  after  10  April  ( n  = 
103),  although  three  nests  were  initiated  in  March; 
two  of  these  were  from  the  same  individual  in 
consecutive  years  based  on  color-banding.  The 
median  date  of  nest  initiations  was  16  May  (Fig.  1). 
The  nesting  season  lasted  68  days  (Fig.  1). 

Eggs  were  white  with  irregular  brown  spots. 
Fresh  egg  mass  (measured  between  day  0  and  day 
2  of  incubation)  was  2.09  ±  0.02  g  (n  =  90), 
which  represented  17.7%  of  adult  female  body 
mass  (11.80  ±  0.18  g,  n  =  33).  Five  of  96 
clutches  had  one  egg  (5%),  one  had  three  eggs 
(1%),  and  the  rest, had  two  eggs  (94%),  yielding 
an  average  clutch  size  of  1.96  ±  0.03  eggs. 

Incubation  Period. — The  incubation  period 
averaged  15.8  ±  0.2  days  («  =  23)  and  was 
longer  than  for  north  temperate  parulids,  which 
averaged  12.2  ±  0.1  days  ( n  =  32  species; 
Table  1).  Males  did  not  incubate  and  rarely 
provided  food  for  incubating  females,  averaging 
0.03  ±  0.02  trips  to  the  nest/hr  (n  =  29)  during 
early  incubation  (days  2-4)  and  0.06  ±  0.04  trips/ 
hr  (n  =  14)  during  late  incubation  (days  11-16). 

Nest  attentiveness  averaged  57  ±  2%  ( n  =  49) 
and  was  slightly  lower  than  for  other  tropical 
parulids,  which  averaged  64  ±  1%  for  15  species. 
Nest  attentiveness  was  much  lower  than  for  north 
temperate  parulids,  which  averaged  77  ±  1%  (n 
=  31  species,  Table  1).  Attentiveness  changed 
over  the  incubation  period  for  the  Three-striped 
Warbler  (ANOVA,  F2A6  =  6.4,  P  =  0.004);  nest 
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TABLE  1.  Reproductive  traits  of  temperate  and  tropical  parulids. 

Only  species  with  data  available  for  multiple 

life-history  traits  are  included. 

Mean 

Mean 

Nest 

Mean 

Mean 

Mean 

Nestling 

clutch 

incubation 

attentiveness 

on-bout 

off-bout 

Mate 

nestling 

growth 

Species 

size 

period  (days) 

(%> 

duration  (min)  duration  (min) 

feed? 

period  (days) 

rate  ( K) 

References11 

Temperate  species 

Blue-winged  Warbler 
(Vermivora  pinus ) 
Golden- winged  Warbler 

4.37 

10-11 

Y 

9.3 

0.559 

1,  2 

(V.  chrysoptera) 

5.00 

10-12 

9-10 

1,  2,  4 

Tennessee  Warbler 
(V.  per e grind) 
Orange-crowned  Warbler 

5.59 

7-8 

•  Y 

0.654 

1,  3,  5 

( V .  celata) 

4.54 

12.6 

80 

49 

12 

11.3 

1.  6,  7.  8 

Nashville  Warbler 
(V.  ruficapilla) 

Virginia’s  Warbler 

4.71 

11-12 

73 

39 

14 

Y 

9-11 

1,  6,  9 

(V.  virginiae) 

Northern  Parula 

3.57 

12.3 

73 

31 

11 

Y 

11.4 

L  7.  8 

( Parula  americana) 
Yellow  Warbler 

3.94 

12.5 

79 

21 

6 

Y 

10-11 

1,  6,  10 

( Dendroica  petechia) 

4.08 

11.3 

78 

36 

10 

Y 

8.4 

0.579 

L  3,  6 

Chestnut-sided  Warbler 
(I),  pensylvanica ) 
Magnolia  Warbler 

3.88 

11.0 

75 

23 

7 

Y 

10-11 

1,6,  11,  12 

(D.  magnolia ) 
Black-throated  Blue 

3.96 

12.0 

70 

17 

7 

8-10 

1,  13 

Warbler 

( D .  caerulescens) 

3.80 

13.0 

72 

31 

12 

Y 

8.6 

0.647 

1,  2,  6,  14 

Yellow-rumped  Warbler 
( D .  coronata) 
Golden-cheeked  Warbler 

3.86 

12.8 

77 

25 

7.4 

Y 

12.6 

15 

(D.  chrysoparia ) 
Black-throated  Green 

3.90 

12.1 

74 

37 

13 

Y 

10.5 

1,  16 

Warbler 

(D.  virens ) 

3-5 

12.0 

78 

50 

15 

10.0 

0.736 

1.  3,  6 

Townsend’s  Warbler 
( D .  townsendi) 
Blackburnian  Warbler 

5.70 

12.5 

9.9 

17 

(D.  fused) 

Yellow-throated  Warbler 

3-5 

72 

21 

8 

Y 

1,  6 

(D.  dominica ) 

3-5 

12.0 

1 

Grace’s  Warbler 
(I)  graciae) 

Kirtland’s  Warbler 

3.20 

10-12 

Y 

1 

(D.  kirtlandii) 

Prairie  Warbler 

4.63 

14.2 

82 

51 

11 

Y 

9.4 

0.547 

1,  3,  6 

( D .  discolor ) 

3.92 

12.0 

77 

55 

15 

Y 

9.6 

0.507 

1,  3,  6 

Palm  Warbler 
(D.  palmar  urn) 
Bay-breasted  Warbler 

4.59 

12.0 

Y 

12.0 

1 

1,  6,  18, 

( D .  casta nea) 

Blackpoll  Warbler 

5.43 

12-13 

80 

’  18 

5 

Y 

10.5 

19,  20 

(D.  striata ) 

4.32 

11.5-12 

77 

19 

6 

Y 

9.5 

0.538 

1,  6 

Cerulean  Warbler 
(D.  cerulea) 

Black-and-white  Warbler 

3.60 

11.4 

83 

50 

10 

Y 

10.4 

1,  21 

{Mniotilta  varia) 

4-6 

10-12 

Y 

8-12 

1 
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TABLE  1.  Continued. 


Mean 

Mean 

Nest 

Mean 

Mean 

Mean 

Nestling 

clutch 

incubation 

attentiveness 

on-bout 

off-bout 

Mate 

nestling 

growth 

Species 

size 

period  (days) 

(%> 

duration  (min) 

duration  (min) 

feed? 

period  (days) 

rate  (K) 

References3 

American  Redstart 
( Setophaga  ruticilla) 
Prothonotary  Warbler 

3.89 

10-13 

82 

23 

5 

Y 

7-9 

0.613 

L  3,  6 

( Protonotaria  citrea ) 
Worm-eating  Warbler 

4.55 

12.5 

56 

18 

14 

Y 

10.0 

0.654 

1,  3 

( Helmitheros 

vermivorum ) 

4.82 

13.0 

Y 

9.0 

1 

Swainson’s  Warbler 

( Limnothlypis 

swainsonii ) 

3.22 

13.9 

78 

59 

16 

Y 

9.9 

1.  6,  22 

Ovenbird 

(Seiurus  aurocapilla) 
Northern  Waterthrush 

4.31 

12.2 

85 

110 

19 

Y 

7.9 

0.473 

1.  3,  6 

(S.  noveboracensis) 

4.11 

12.0 

75 

30 

10 

Y 

9.0 

1.  3.  6,  23 

Louisiana  Waterthrush 

1,  3,  6.  24, 

(5.  motacilla ) 

5.00 

12.7 

79 

35 

9 

Y 

10.8 

0.590 

25 

Kentucky  Warbler 
(i Oporornis  formosus) 
Mourning  Warbler 

4.12 

11.0 

Y 

8.4-9.5 

0.680 

1,  6,  26 

(0.  Philadelphia ) 
MacGillivray’s  Warbler 

3.71 

12.0 

75 

39 

13 

Y 

8.0 

1.  6,  27 

(O.  tolmiei) 

4.12 

12.5 

77 

22 

8.5 

Y 

10.4 

1,  8,  15 

Common  Yellowthroat 
(Geothlypis  trichas) 
Hooded  Warbler 

3.99 

12.0 

80 

49 

16 

Y 

9.8 

0.537 

1,  3,  6 

( Wilsonia  citrina) 

3.61 

11.0 

60 

8-9 

1 

Wilson’s  Warbler 
( W .  pusilla) 

Canada  Warbler 

4.11 

11.9 

81 

22 

5 

Y 

10.2 

1.  6 

(W.  canadensis) 
Red-faced  Warbler 

4.37 

12.0 

85 

32 

7 

Y 

1 

(Cardellina  rubrifrons) 
Painted  Redstart 

4.16 

12.8 

75 

37.4 

10.5 

Y 

11.1 

1,  7,  8,  28 

( Myioborus  pictus) 
Yellow-breasted  Chat 

3.15 

13.2 

75 

Y 

13.0 

0.557 

1,  3,  29 

(Icteria  virens) 

3.68 

11.6 

74 

45 

15 

Y 

8.9 

1 

Subtropical  and  tropical  species 

Colima  Warbler 

(Vermivora  crissalis) 
Flame-throated  Warbler 

3-4 

12.0 

11.0 

1 

( Parula  gutturalis) 

2.00 

16.0 

61 

27 

17 

13.0 

30,  31 

Crescent-chested  Warbler 
(P.  superciliosa) 
Tropical  Parula 

2-3 

13+ 

68 

20 

10 

30,  32 

( P .  pitiayumi) 
Adelaide’s  Warbler 

3.14 

13.0 

32,  33 

( Dendroica  adelaidae ) 
Masked  Yellowthroat 

2-3 

50 

26 

34,  35 

(i Geothlypis 

aequinoctialis ) 

3.10 

13.3 

61 

22.5 

17.7 

9.7 

8,  36,  37 

Grey-crowned 

Yellowthroat 

2.70  12.8  11.0  38 


(G.  poliocephala) 
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TABLE  1.  Continued. 

Mean 

Mean 

Nest 

Mean 

Mean 

Mean 

Nestling 

clutch 

incubation 

attentiveness 

on-bout 

off-bout 

Mate 

nestling 

growth 

Species 

size 

period  (days) 

(%) 

duration  (min) 

duration  (min) 

feed? 

period  (days) 

rate  (K) 

References2 

Red  Warbler 

C Ergaticus  ruber) 

3.00 

16.0 

66 

10-11 

39 

Pink-headed  Warbler 
(E.  versicolor) 
Slate-throated  Redstart 

2^1 

16.0 

71 

20.0 

8.0 

Y 

10-11 

30,  31 

{Myioborus  miniatus ) 

2.72 

14.4 

67 

37.6 

18.2 

11.8 

0.522 

40,  41,  42 

Brown-capped  Redstart 

8,  30,  36, 

(M.  brunniceps ) 

2.60 

16.6 

67 

33.1 

17.4 

Y 

12.6 

37 

Collared  Redstart 
( M .  torquatus) 
Two-banded  Warbler 

2.50 

15.0 

74 

28.5 

9.8 

13.0 

40 

(Basileuterus 

bivittatus) 

3.00 

14.8 

62 

46.1 

22.6 

Y 

10.9 

8,  36,  37 

Pale-legged  Warbler 

(B.  signatus) 

2.60 

16.6 

65 

30.3 

16.5 

Y 

12.5 

8,  36,  37 

Golden-crowned  Warbler 
(B.  culicivorus) 
Rufous-capped  Warbler 

2^1 

62 

44.0 

26.0 

10+ 

32 

(B.  rufifrons) 

2-4 

66 

44.0 

23.0 

12.0 

32 

Black-cheeked  Warbler 
(B.  melanogenys) 
Three-striped  Warbler 

2.00 

62 

29.0 

18.0 

32 

(B.  tristriatus) 
Buff-rumped  Warbler 

1.96 

15.8 

57 

45.7 

35.0 

Y 

10.5 

0.490 

43 

(. Phaeothlypisfulvicauda ) 

2.00 

16-19 

68-74 

Y 

12-15 

31 

Wrenthrush 

(Zeledonia  coronata ) 
Red-breasted  Chat 

2.00 

17+ 

30,  44 

(Granatellus  venustus) 

2-4 

14.0 

45,  46 

a  1.  Poole  (2005),  2.  RemeS  (2006),  3.  RemeS  and  Martin  (2002),  4.  Canterbury  (1990),  5.  Holmes  and  Nixon  (2000),  6.  Conway  and  Martin  (2000),  7.  Palacios 
and  Martin  (2006),  8.  Martin  (2002),  9.  Knapton  (1984),  10.  Graber  and  Graber  (1951),  11.  Lawrence  (1948),  12.  Tate  (1970),  13.  Nice  (1926),  14.  Holmes  et  al. 
(1992),  15.  Martin  unpubl.  data,  16.  Jennifer  Reidy  (pers.  comm.)  17.  Matsuoka  et  al.  (1997),  18.  Harrison  (1984),  19.  MacArthur  (1958),  20.  Mendall  (1937),  21. 
Oliamyk  and  Robertson  (1996),  22.  Thompson  (2005),  23.  Peck  and  James  (1987),  24.  Eaton  (1958),  25.  Robinson  (1987),  26.  Vicki  McDonald  (pers.  comm.),  27. 
Cox  (1958),  28.  Martin  (1995),  29.  Marshall  and  Baida  (1974),  30.  Curson  et  al.  (1994),  31.  Skutch  (1954),  32.  Skutch  (1967),  33.  Di  Giacomo  (2005),  34.  Bond 
(1930),  35.  Spaulding  (1937),  36.  Auer  et  al.  (2007),  37.  Martin  et  al.  (2000),  38.  Martinez  et  al.  (2004),  39.  Elliott  (1969),  40.  Skutch  (1945),  41.  Ewert  (1975),  42. 
Collins  and  Ryan  (1994),  43.  This  study,  44.  Hunt  (1971),  45.  Vega  Rivera  et  al.  (2004),  46.  Grant  (1964). 


attentiveness  during  early  incubation  was  similar 
(LSD,  P  =  0.70)  to  the  middle  period,  and  both 
were  less  (LSD,  P  =  0.026)  than  during  late 
incubation  (Fig.  2A).  This  change  was  caused  by 
a  dramatic  reduction  in  length  of  off-bouts  over 
the  incubation  period  (ANOVA,  F2, 46  =  7.1,  P  = 
0.002;  Fig.  2B).  On-bout  duration  showed  a 
marginal  decline  in  late  incubation  (ANOVA, 
F2A6  =  2.7,  P  =  0.081,  Fig.  2B). 

Both  on-  and  off-bouts  were  relatively  long  for 
the  Three-striped  Warbler.  On-bouts  averaged 
45.7  ±  2.5  min  («  =  49)  (Fig.  2B),  but  averaged 
37.2  ±  3.4  min  ( n  =  31  species)  and  31.4  ± 
2.5  min  (n  =  13  species)'  for  temperate  and 
tropical  species,  respectively.  Off-bouts  averaged 
35.0  ±  3.1  min  ( n  =  49)  (Fig.  2B),  and  10.6  ± 
0.7  min  ( n  =  30  species)  and  17.0  ±  1.6  min  ( n  = 


12  species)  for  temperate  and  tropical  species, 
respectively.  These  long  off-bouts  caused  egg 
temperatures  of  Three-striped  Warblers  to  reach 
cold  levels  relative  to  development  (Fig.  3).  In 
contrast,  the  Red-faced  Warbler,  a  north  temper¬ 
ate  relative,  kept  egg  temperatures  higher  despite 
much  colder  ambient  temperatures  (Fig.  3).  Egg 
temperature  of  the  Three-striped  Warbler  aver¬ 
aged  33.93  ±  0.47°  C  over  24-hr  periods  from 
27  days  of  sampling  across  seven  nests  (with  an 
overall  mean  taken  from  means  of  each  nest), 
while  the  mean  temperature  for  the  Red-faced 
Warbler  was  35.75  ±'0.18°  C  (n  =  3  nests, 
7  days). 

Nestling  Period. — The  nestling  period  was  10.5 
±  0.3  days  ( n  =  12).  This  period  length  was 
similar  to  north  temperate  relatives,  which 
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Early  Middle  Late 

Incubation  period 

FIG.  2.  Average  (A)  nest  attentiveness,  and  (B)  on-  and 
off-bout  durations  across  three  periods  of  incubation  for  the 
Three-striped  Warbler:  early  (days  2-4),  middle  (days  5-9), 
and  late  (days  1 1-16).  Sample  sizes  reflect  numbers  of  nests. 


averaged  10.0  ±  0.2  days  ( n  =  28  species),  but 
less  than  for  other  tropical  species  which  averaged 
11.9  ±  0.3  days  (n  =  11  species;  Table  1).  The 
amount  of  time  that  females  spent  brooding 
nestlings  declined  (r  =  —  0.91,  P  <  0.001)  with 
age  of  nestlings  (Fig.  4A).  Both  males  and 
females  provisioned  nestlings,  and  rate  of  visits 
to  the  nest  to  feed  young  increased  with  nestling 
age  (r  =  0.87,  P  <  0.001;  Fig.  4B).  Nestlings 
weighed  1 .70  ±  0.07  g  («  =  8)  on  hatch  day  and 
11.50  ±  1.01  g  (n  =  9)  when  the  eighth  primary 
feather  broke  its  sheath  (i.e.,  pin  break)  between 
days  6  and  8.  Growth  rate  constant  ( K)  for  the 
nestling  period  based  on  nestling  mass  (Fig.  5 A) 
was  greater  than  when  based  on  tarsus  (Fig.  5B), 
and  resulted  in  an  estimated  asymptote  of  13.50  ± 
0.47  g,  which  was  higher  than  mean  mass  for 
adult  females  (11.80  ±  0-18  g,  n  =  33).  The 
growth  rate  based  on  mass  ( K  =  .0.490  ±  0.030) 
was  slower  than  for  north'  temperate  parulids, 
which  averaged  K  =  0.591  ±  0.018  (n  =  15 
species;  Table  1). 


Nest  Survival. — Twenty  of  146  nests  were 
abandoned  before  the  nest  was  finished  being 
built  or  an  egg  was  laid  and  did  not  contribute  to 
nest  survival  analyses.  Another  18  nests  were 
excluded  because  of  effects  by  researcher  activ¬ 
ities.  Twenty-four  of  the  remaining  108  nests 
fledged  young,  18  were  still  active  when  moni¬ 
toring  was  discontinued  at  the  end  of  the  season, 
and  66  failed  yielding  a  total  of  1,258.5  days  of 
exposure.  Predation  was  the  source  of  failure  for 
60  of  the  66  failed  nests  with  the  remaining  six 
nests  failing  due  to  weather,  abandonment,  or 
unknown  reasons.  The  overall  daily  predation  rate 
was  0.048  ±  0.006,  and  the  total  daily  survival 
rate  was  0.948  ±  0.006.  Daily  predation  rates 
were  0.027  ±  0.019,  0.042  ±  0.007,  and  0.070  ± 
0.015  during  egg-laying,  incubation,  and  nestling 
stages,  respectively.  The  overall  nest  success 
based  on  a  total  nesting  period  of  28  days  was 
22%. 

SubtropicallTropical  vs.  Temperate  Species. — 
Differences  between  the  Three-striped  Warbler 
and  temperate  species  paralleled  trends  observed 
from  available  data  for  other  tropical/subtropical 
and  temperate  parulids  (Table  1).  Clutch  size  for 
tropical  parulids  averaged  2.53  ±  0.12  eggs  ( n  = 
14),  which  was  lower  than  the  mean  clutch  size  of 
4.20  ±  0.10  eggs  (n  =  38)  for  temperate  species 
iU  =  0,  P  <  0.001).  Mean  incubation  period  for 
tropical  warblers  was  14.9  ±  0.4  days  in  =  13), 
which  was  longer  than  the  mean  period  of  12.2  ± 
0.1  days  («  =  32)  for  temperate  species  iU  =  29, 
P  <  0.001).  Females  of  tropical  species  had  lower 
nest  attentiveness  during  incubation  (64  ±  1%,  n 
=  15)  than  temperate  species  (77  ±  1%,  n  =  31) 
([/  =  21,  P  <  0.001).  This  was  a  result  of  off- 
bouts  that  averaged  18.4  ±  2.0  min  («  =  13), 
which  was  longer  than  the  mean  value  of  10.6  ± 
0.7  min  («  =  30)  for  temperate  species  (£/  =  61, 
P  <  0.001).  Mean  on-bouts  averaged  32.4  ± 
2.5  min  ( n  =  14)  for  subtropical/tropical  species, 
similar  to  the  mean  value  of  37.2  ±3.4  min  («  = 
31)  for  temperate  species  ([/  =  192,  P  =  0.54). 
The  mean  nestling  period  for  subtropical/tropical 
species  was  11.8  ±  0.3  days  in  =  12),  which  was 
longer  than  the  mean  value  of  10.1  ±  0.2  days  in 
=  28)  for  temperate  species  ((7  =  53.5,  P  = 
0.001).  The  mean  growth  rate  based  on  mass  iK  = 
0.506  ±  0.016,  n  =  2)  for  tropical  species  was 
marginally  different  from  the  mean  value  ( K  = 
0.591  ±  0.018,  n  =  15)  for  temperate  species  (t/ 
=  3,  P  =  0.073). 
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FIG.  3.  Representative  examples  of  egg  temperature  fluctuations  over  days  3  and  4  of  incubation  in  comparisons  of  the 
Three-striped  Warbler  with  a  north  temperate  relative,  the  Red-faced  Warbler.  The  two  dashed  lines  at  the  top  of  each  cell 
represent  the  optimum  temperature  zone  for  development  (White  and  Kinney  1974,  Webb  1987).  The  ambient  temperature 
range  over  the  sampling  period  is  shown  in  each  cell. 


DISCUSSION 

The  domed  ground  nests  of  the  Three-striped 
Warbler  we  found  in  Venezuela  were  structurally 
similar  to  those  reported  in  other  locations 
(Greeney  et  al.  2005,  Jablonski  et  al.  2006)  and 
those  built  by  other  members  of  the  genus  (Marini 
and  Cavalcanti  1994,  Auer  et  al.  2007).  The  dome 
can  reduce  predation  risk  by  making  its  contents 
less  visible  (Collias  and  Collias  1984,  Auer  et  al. 
2007).  Domes  may  also  protect  nests  from 
weather  in  the  tropics  where  heavy  rains  are 
common  throughout  most  of  the  breeding  season 
(Skutch  1967,  Snow  1978,  Collias  and  Collias 
1984). 

Three-striped  Warblers  had  low  variation  in 
clutch  size  with  94%  of  all  nests  containing  two 
eggs  and  no  nest  containing  more  than  three  eggs. 
The  only  nest  from  Costa  Rica  that  has  been 
described  contained  three  nestlings  (Jablonski  et 
al.  2006),  which  may  indicate  geographic  varia¬ 
tion  in  clutch  size.  Warblers  at  our  site  had  a 
smaller  clutch  size  than  reported  for  congeners 
and  other  parulids  in  the  Tropics  and  subtropics, 
and  a  much  smaller  clutch  size  than  north 
temperate  relatives  (Table- 1,  also  see  Martin 
1988),  reflecting  the  well-known  latitudinal  gra¬ 
dient  (Moreau  1944;  Martin  et  al.  2000,  2006). 


The  mean  incubation  period  for  the  Three- 
striped  Warbler  was  typical  of  tropical  parulids 
and  longer  than  temperate  breeding  species,  as  has 
been  generally  observed  (Ricklefs  1969,  Martin 
2002,  Martin  et  al.  2007,  Martin  and  Schwabl 
2008).  The  longer  incubation  period  of  the  Three- 
striped  Warbler  compared  to  temperate  species 
was  associated  with  lower  nest  attentiveness  and 
longer  off-bouts  that  yielded  cooler  incubation 
temperatures,  as  seen  for  other  tropical  birds 
(Chalfoun  and  Martin  2007,  Martin  et  al.  2007, 
Martin  and  Schwabl  2008).  Temperatures  de¬ 
creased  to  levels  sufficiently  low  to  slow  devel¬ 
opment  (White  and  Kinney  1974,  Webb  1987), 
which  explains  part  of  this  latitudinal  trend 
(Martin  2002,  Martin  et  al.  2007,  Martin  and 
Schwabl  2008).  Nest  attentiveness  during  incuba¬ 
tion  for  the  Three-striped  Warbler  was  typical  of 
other  tropical  warblers  but  on-  and  off-bouts  were 
considerably  longer  than  for  other  species.  This 
might  reflect  a  response  to  high  nest  predation 
risk;  daily  predation  rate  at  our  site  in  Venezuela 
was  higher  than  for  related  species  in  Argentina 
(Martin  et  al.  2000,  Auer  et  al.  2007)  or  Arizona 
(Martin  2002).  Higher  predation  risk  can  favor 
longer  bouts  to  reduce  the  numbers  of  trips  to  the 
nest  (Weathers  and  Sullivan  1989,  Conway  and 
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FIG.  4.  Scatter  plots  of  change  with  nestling  age  in  (A)  female  Three-striped  Warbler  brooding  behavior  (%  time  spent 
brooding)  and  (B)  rates  that  parents  visit  the  nest  to  provision  nestlings  (n  =  14  nests). 


Martin  2000,  Martin  et  al.  2000).  Alternatively, 
longer  bouts  might  reflect  greater  food  limitation  1 
and  females  may  require  long  off-bouts  for  self¬ 
maintenance  (Conway  and  Martin  2000,  Chalfoun 
and  Martin  2007). 

The  nestling  period  for  all  tropical  parulids 
spans  from  as  few  as  9  days  for  Masked 
Yellowthroat  ( Geothlypis  aequinoctialis )  to  at 
least  17  days  for  Wrenthrush  ( Zeledonia  coro- 
nata)  with  the  Three-striped  Warbler’s  nestling 
period  —1.4  days  shorter  than  the  mean  nestling 
period  for  other  tropical  species.  This  may  be 
related  to  high  nest  predation'  rates;  nestling 
periods  and  mortality  rates-  are  often  negatively 
correlated  (Lack  1968,  Remes  and  Martin  2002). 


Alternatively,  the  short  nestling  period  may  be  a 
proximate  response  to  greater  food  availability 
relative  to  brood  size.  Adults  with  one  of  the 
smallest  average  clutch  sizes  among  tropical 
parulids  may  more  easily  be  able  to  feed  young 
at  rates  adequate  for  faster  growth  and  earlier 
maturity.  Young  fledged  at  a  mass  that  exceeded 
adults.  The  generality  of  this  result  is  difficult  to 
assess  because  growth  rates  and  fledging  size  for 
other  tropical  parulid  species  are  almost  entirely 
lacking.  The  growth  rate  for  the  Three-striped 
Warbler  was  slower  than  that  of  all  temperate 
warblers  for  which  data  are  available  except  the 
Ovenbird  ( Seiurus  aurocapilla).  The  slower 
growth  of  tropical  than  temperate  birds  was  noted 
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FIG.  5.  Relationships  of  (A)  mass,  and  (B)  tarsus  length 
plotted  against  age  for  Three-striped  Warblers  and  their 
estimated  growth  rates  ( K)  and  asymptotes  (A).  The  dashed 
lines  represent  the  (A)  mean  mass  and  (B)  mean  tarsus 
lengths  of  adults  ( n  =  135). 


by  Ricklefs  (1976)  long  ago,  although  compari¬ 
sons  of  related  species  in  both  areas  have 
remained  rare. 

Only  two  other  studies  we  found  provided  data 
on  nest  predation  rates  for  tropical  parulids.  The 
overall  daily  predation  rate  was  relatively  high  for 
Three-striped  Warblers  at  our  field  site  with  an 
estimated  nest  success  rate  of  only  22%.  This  was 
higher  than  for  any  parulid  at  the  Argentina  site 
(Auer  et  al.  2007)  and  for  the  Buff-rumped 
Warbler  ( Phaeothlypis  fulvicauda )  in  Costa  Rica 
(Skutch  1985).  A  high  predation  rate  may  make  it 
difficult  for  adults  to  breed  successfully  in  a  given 
year  in  addition  to  its  potential  to  influence  clutch 
size,  nest  attentiveness,  and  nestling  periods.  A 
species  with  low  nest  success  could  compensate 
by  increasing  the  length  of  its  breeding  season. 
The  breeding  season  of  the  Three-striped  Warbler 
was  about  twice  the  length  of  seasons  for  parulids 
in  Arizona  (Martin  2007),  but  it  only  nested  about 
10  days  longer  than  related '  species  in  Argentina 
that  had  much  lower  nest  predation  rates  (Auer  et 


al.  2007).  The  lengthy  breeding  season  did  not 
result  in  substantially  more  breeding  attempts  than 
in  other  parulids.  Some  breeding  pairs  renested 
four  times  following  nest  failure  (WAC,  pers. 
obs.),  but  north  temperate  parulids  may  also  renest 
four  times  or  more  (Grzybowski  and  Pease  2005, 
Murray  and  Nolan  2007).  More  detailed  observa¬ 
tions  on  individual  pairs  of  tropical  parulid 
species  throughout  the  breeding  season  are  needed 
to  improve  our  understanding  of  how  high 
predation  rates  and  breeding  season  length  affect 
annual  fecundity. 

The  Parulidae  include  1 15  species  (AOU  1998). 
Much  attention  has  been  placed  on  the  ecology 
and  evolution  of  species  in  North  America,  but 
strikingly  few  data  are  available  for  species  in 
Central  and  South  America  where  the  majority  of 
parulid  species  reside  (48  tropical  and  subtropical 
species  are  not  included  in  Table  1  due  to  lack  of 
available  information).  The  Three-striped  Warbler 
had  a  smaller  clutch,  longer  incubation  period, 
lower  nest  attentiveness,  longer  off-bouts,  and  a 
slower  growth  rate  than  its  temperate  relatives. 
Improving  data  collection  efforts  outside  of  North 
America  will  lead  to  a  better  understanding  of 
tropical  strategies  and  allow  for  more  robust 
comparisons  of  latitudinal  patterns. 
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NATURAL  HISTORY  AND  REPRODUCTIVE  BIOLOGY  OF  THE 
COMMUNALLY  BREEDING  GREATER  ANI  ( CROTOPHAGA  MAJOR) 
AT  GATUN  LAKE,  PANAMA 
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ABSTRACT. — The  Greater  Ani  ( Crotophaga  major)  is  the  least  well-known  of  the  communally  breeding  crotophagine 
cuckoos,  although  it  is  locally  abundant  in  Panama  and  northern  South  America.  We  present  substantial  new  life  history 
information  from  87  breeding  groups  of  Greater  Anis  at  Gatun  Lake,  Panama,  and  the  first  description  of  their  conspicuous, 
highly  stereotyped  communal  displays.  Breeding  groups  were  composed  of  two  to  five  socially  monogamous  pairs;  no  pairs 
nested  singly.  Seven  groups  also  included  an  unpaired  individual,  which  in  three  cases  was  confirmed  to  be  a  1-year-old 
male  from  the  previous  year’s  nest.  Groups  of  two  and  three  pairs  were  most  common  (accounting  for  75  and  20%  of 
groups,  respectively);  groups  containing  more  than  three  pairs  were  rare  and  their  nests  were  abandoned  before  incubation 
began.  Eggs  were  large  (~17%  of  adult  body  mass)  and  varied  greatly  in  size  (19—37  g).  Egg  and  nestling  development 
were  exceptionally  rapid:  eggs  were  incubated  for  1 1-12  days  and  nestlings  were  capable  of  leaving  the  nest  after  5  days, 
although  adults  continued  to  feed  fledglings  for  several  weeks.  On  average,  each  female  laid  4.3  ±  0.9  eggs;  three-pair 
groups  had  larger  overall  clutch  sizes  than  did  two-pair  groups.  The  rirst  2-3  eggs  to  be  laid  were  usually  ejected  from  the 
nest  by  other  group  members,  and  number  of  ejected  eggs  increased  with  group  size.  Thirty-seven  nests  (43%)  fledged  at 
least  one  young  successfully;  snakes  (P seustes ,  Spilotes,  Boa )  and  white-faced  capuchin  monkeys  ( Cebus  capuchinus)  were 
identified  as  nest  predators.  Received  27  January  2009.  Accepted  4  June  2009. 


The  subfamily  Crotophaginae  (Cuculiformes: 
Cuculidae)  consists  of  four  species  of  communal¬ 
ly  breeding  neotropical  cuckoos  (Davis  1942). 
Three  of  the  four  species  have  been  subjects  of 
long-term  behavioral  studies:  Groove-billed  Ani 
( Crotophaga  sulcirostris)  in  Costa  Rica  (Vehren- 
camp  1977,  1978;  Vehrencamp  et  al.  1986; 
Koford  et  al.  1990);  Smooth-billed  Ani  (C.  ani) 
in  Florida  and  Puerto  Rico  (Davis  1940,  Loflin 
1983,  Quinn  and  Startek-Foote  2000,  Schmaltz  et 
al.  2008);  and  Guira  Cuckoo  ( Guira  guira)  in 
Brazil  (Macedo  1992;  Cariello  et  al.  2002,  2004; 
Macedo  et  al.  2004).  Several .  individuals  (both 
males  and  females)  in  all  three  species  cooperate 
to  build  a  single  nest  in  which  all  of  the  females 
lay  their  eggs.  Young  generally  disperse  to  join 
nearby  groups  rather  than  remaining  with  the  natal 
group  to  breed;  thus,  adult  breeders  in  groups  are 
thought  to  be  unrelated  (Quinn  et  al.  1994, 
Vehrencamp  and  Quinn  2004;  but  see  Bowen  et 
al.  1989).  Most  group  members  participate  in 
nest-building,  territory  defense,  parental  care,  and 
incubation  (although  relative  effort  may  differ 
greatly  among  group  members),  and  most  females 
appear  to  fledge  roughly  equal  numbers  Of  young. 
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Females  in  each  group  compete  for  reproduction 
and  synchronize  laying  by  ejecting  each  others’ 
eggs  from  the  communal  nest  (Vehrencamp  and 
Quinn  2004). 

Reproductive  strategies  within  this  general 
framework  differ  markedly  among  the  three 
species  that  have  been  well  studied.  Groove-billed 
and  Smooth-billed  anis  are  facultatively  commu¬ 
nal:  breeding  groups  can  consist  of  lone  pairs, 
multiple  monogamous  pairs,  or  multiple  pairs 
with  a  variable  number  of  non-breeding  helpers 
(usually  retained  young  from  a  previous  brood; 
Bowen  et  al.  1989).  The  modal  group  size  is  two 
pairs  and  behavioral  observations  suggest  that 
extra-pair  copulations  are  not  common  within 
groups  (Vehrencamp  et  al.  1986).  Only  early-laid 
eggs  are  ejected  from  the  nest,  probably  because 
females  are  incapable  of  recognizing  their  own 
eggs  and  cease  ejection  once  they  enter  the  laying 
sequence.  As  a  result,  early-laying  females  lose 
more  eggs  to  ejection  than  late-laying  females 
(Vehrencamp  1977). 

Guira  Cuckoos  nest  in  larger  groups  containing 
up  to  seven  reproductive  females;  lone  pairs  are 
rare  (Macedo  et  al.  2004).  Pairs  are  not  socially 
monogamous  and  each  individual  may  mate  with 
several  group  members,  leading  to  genetic  poly- 
gynandry.  Females  compete  for  reproduction  in 
the  nest  by  both  egg  ejection  and  infanticide  of 
nestlings.  Unlike  anis,  Guira  Cuckoos  eject  eggs 
throughout  the  laying  sequence,  presumably 
because  females  are  more  likely  to  begin  laying 


679 


680 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  4,  December  2009 


asynchronously  in  larger,  less  well-organized 
groups.  Eggs  of  both  early  and  late-laying  females 
may  be  ejected,  and  female  laying  order  changes 
between  clutches.  The  number  of  eggs  that  each 
female  loses  to  competition  varies  from  clutch  to 
clutch,  and  female  reproductive  success  tends  to 
equalize  within  groups  over  time  (Macedo  1992, 
Macedo  et  al.  2004). 

Little  is  known  about  the  Greater  Ani  (C. 
major).  Conspicuous  and  locally  abundant  from 
eastern  Panama  through  northern  Argentina,  it 
nests  exclusively  along  the  forested  banks  of 
lakes,  rivers,  and  streams  (Hilty  and  Brown  1986). 
Nests  are  built  in  emergent  vegetation  or  in 
branches  overhanging  the  water,  and  are  usually 
accessible  only  by  boat.  Young  (1925)  and  Davis 
(1941)  each  provided  brief  descriptions  of  one 
nest  (from  Guyana  and  Argentina,  respectively), 
and  noted  that  this  species  appeared  to  live  in 
social  groups  similar  to  those  of  its  congeners. 
More  recently,  Lau  et  al.  (1998)  located  27  nests 
along  Caracol  Creek,  Venezuela.  They  found  that 
nests  built  in  isolated  clumps  of  emergent 
vegetation  were  significantly  less  likely  to  be 
depredated  than  those  built  along  the  bank, 
presumably  because  the  most  likely  predators 
were  terrestrial  rodents  and  wedge-capped  capu¬ 
chin  monkeys  ( Cebus  olivaceus). 

Many  aspects  of  the  natural  history  of  the 
Greater  Ani  remain  unknown,  including  clutch 
size,  parental  behavior,  egg  morphology,  and 
length  of  incubation  and  nestling  periods.  Basic 
information  is  also  lacking  on  its  communal 
breeding  system,  including  size  of  nesting  groups 
and  extent  of  egg  ejection.  It  is  not  known 
whether  communal  nesting  is  obligate  or  faculta¬ 
tive  in  this  species,  nor  whether  individuals  within 
groups  form  socially  monogamous  pairs.  Our  goal 
in  this  study  was  to  provide  data  on  these 
previously  unrecorded  life  history  traits  through 
field  observations  of  a  color-banded  nesting 
population  of  Greater  Anis.  We  also  wished  to 
investigate  the  highly  stereotyped,  conspicuous 
social  displays  performed  by  breeding  groups. 
This  communal  display  has  not  been  described  in 
the  literature  aside  from  a  brief  mention  by 
ffrench  (1973). 

METHODS 

Study  Area. — We  studied  Greater  Anis  in  2007 
and  2008  at  Gatlin  Lake,  Panama,  an  artificial 
reservoir  formed  in  1914  when  the  Chagres  River 
was  dammed  to  create  the  Panama  Canal.  Our 


study  area,  within  the  5,400-ha  Barro  Colorado 
Nature  Monument,  consisted  of  the  65-km 
shoreline  of  Barro  Colorado  Island  and  its 
associated  smaller  islands,  as  well  as  an  additional 
—300  km  of  shoreline  along  four  adjacent  main¬ 
land  peninsulas  (Bohio,  Buena  Vista,  Pena 
Blanca,  and  Gigante).  Barro  Colorado  Island  and 
the  mainland  peninsulas  are  covered  by  tropical 
moist  forest  (Holdridge  et  al.  1971)  and  are  deeply 
dissected  by  narrow,  sheltered  coves.  Shoreline 
vegetation  within  these  coves  is  dominated  by 
Annona  glabra,  a  small  tree  that  grows  in  the 
water  along  the  shore,  and  Acrostichum  danaeifo- 
lium,  a  large  aquatic  fern  (Croat  1978).  Rainfall 
averages  275  cm  annually  and  is  strongly  season¬ 
al  with  a  marked  dry  season  lasting  from  mid- 
December  through  late  April  (Rand  and  Rand 
1982).  We  searched  for  Greater  Ani  nests  during 
the  rainy  season  (May-Nov)  by  moving  slowly 
along  the  shoreline  in  a  small  motorboat, 
following  adults  and  checking  emergent  vegeta¬ 
tion. 

Color  Banding  and  Group  Size  Assessment. — 
We  captured  adult  anis  at  communal  roost  sites 
(during  the  non-breeding  season)  and  near  nests 
(during  the  breeding  season)  using  61-mm  mesh 
mist  nets  (12  m  length)  on  5-m  aluminum  poles. 
Nets  were  mounted  in  shallow  water  parallel  with 
the  shore  to  capture  birds  as  they  flew  across  the 
water.  We  used  kayaks  in  areas  with  deeper  water 
(>1  m)  to  erect  the  nets  and  remove  birds  from 
nets.  Nets  were  monitored  constantly  during 
trapping  and  birds  were  removed  immediately 
upon  capture.  Each  ani  was  banded  with  a  unique 
combination  of  three  color  and  one  aluminum  leg 
bands  for  individual  recognition. 

Group  size  was  calculated  by  counting  all 
adults  present  at  each  of  at  least  three  visits  to  the 
nest.  All  group  members  defend  the  nest  and 
participate  in  communal  displays  in  the  nesting 
territory;  group  size  counts  were  consistent  and 
highly  repeatable  (estimate  based  on  3-8  counts  at 
each  of  85  nests:  R  =  0.84,  F84i7o  =  182.0,  P  < 
0.0001;  Lessells  and  Boag  1987).  Groups  typical¬ 
ly  consisted  of  socially  monogamous  pairs,  so  the 
number  of  breeding  females  in  the  group  was 
assumed  to  be  half  the  total  number  of  individuals 
in  the  group.  The  “extra”  individual  was  assumed 
to  be  a  juvenile  non-breeding  helper  in  the  few 
groups  that  consisted  of  an  odd  number  of 
individuals  (Loflin  1983,  Quinn  and  Startek-Foote 
2000,  this  study).  The  number  of  breeding  females 
was  assumed  to  be  half  the  remaining  group  size 
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(for  example,  a  group  of  7  individuals  was 
assumed  to  contain  3  breeding  females).  Evidence 
from  the  other  Crotophaga  spp.  (Vehrencamp  1977, 
Loflin  1983)  as  well  as  from  this  species  supports 
the  assumption  that  all  adult  female  group  members 
breed.  “Group  size”  refers  to  the  number  of 
socially  monogamous  pairs  in  the  group,  exclusive 
of  helpers,  unless  otherwise  indicated. 

Nest  Monitoring  and  Behavioral  Observa¬ 
tions. — Most  nests  were  located  prior  to  laying, 
as  Greater  Ani  groups  established  territories  and 
built  nests  several  weeks  before  laying  began.  We 
checked  each  nest  every  3-5  days  until  green 
leaves  appeared  in  the  lining,  which  signals  the 
onset  of  laying.  We  then  checked  nests  daily  prior 
to  laying  and  throughout  the  laying  period.  Each 
egg  was  measured  with  dial  calipers  (length  and 
width;  ±  0.1  mm),  weighed  on  an  electronic 
balance  (±  0.1  g),  and  sequentially  numbered 
with  a  permanent  felt-tip  marker  to  indicate 
position  in  the  laying  sequence.  Nests  were 
checked  every  2-3  days  during  incubation  and 
several  times  per  day  beginning  on  the  expected 
day  of  hatching  of  the  first  egg.  We  were  able  to 
ascertain  the  age  of  nestlings  to  within  3-5  hrs  and 
to  match  most  nestlings  to  the  eggs  from  which 
they  hatched.  We  recorded  the  fate  of  each  egg 
(ejected,  disappeared,  unhatched,  hatched)  and 
nestling  (died  in  nest,  disappeared,  fledged).  We 
opened  all  eggs  that  did  not  hatch  and  recorded 
them  as  either  infertile  (no  embryo  visible)  or 
insufficiently  developed  (embryo  visible).  All 
nestlings  were  marked  at  hatching  with  temporary 
plastic  leg  bands,  which  were  replaced  by  a 
permanent,  unique  combination  of  one  aluminum 
and  two  color  bands  at  5  days  of  age. 

We  observed  communal  displays  opportunisti¬ 
cally  during  both  the  dry  (non-breeding)  and  wet 
(breeding)  seasons.  We  recorded  locality,  date, 
and  duration  of  each  display,  as  well  as  the  . 
number  of  individuals  participating  and  the  • 
identity  of  color-banded  birds,  if  present.  We 
collected  a  small  (<100  pi)  blood  sample  from 
the  brachial  vein  of  both  adults  and  nestlings,  and 
stored  it  in  lysis  buffer  at  room  temperature  for 
molecular  identification  as  males  or  females,  and 
other  genetic  analyses.  Genomic  DNA  was 
isolated  with  Qiagen  DNeasy  Blood  and  Tissue 
Kits  (QIAGEN,  Valencia,  CA,  'USA)  and  all 
color-banded  birds  were  identified  as  males  or 
females  by  PCR-based  amplification,  of  an  intron 
on  the  chromo-helicase-DNA  (CHD)  binding 
gene  (Griffiths  et  al.  1998). 


Nest  Cameras. — We  installed  digital  motion- 
activated  nest  cameras  (Wingscapes  BirdCams, 
Alabaster,  AL,  USA)  at  17  nests  to  identify 
diurnal  nest  predators  and  to  test  pilot  methods  for 
future  nest  monitoring.  The  cameras  used  infrared 
sensors  to  detect  motion,  stored  digital  photo¬ 
graphs  with  time  and  date  of  each  photograph,  and 
were  powered  by  D-cell  batteries.  Memory  cards 
and  batteries  were  changed  during  regular  nest 
checks;  camera  maintenance  required  <5  min / 
visit.  We  mounted  cameras  slightly  above  the  nest 
and  angled  to  capture  images  of  the  nest  contents. 
We  placed  each  camera  —1-3  m  from  the  nest, 
either  on  an  aluminum  pole  set  in  the  water  or,  if 
possible,  on  a  branch  of  the  tree  used  for  nesting. 
Cameras  were  generally  well  camouflaged  by  the 
thick  vegetation  surrounding  the  nest;  it  was 
occasionally  necessary  to  lightly  prune  some 
vegetation  to  provide  an  unobstructed  view  of 
the  nest  contents.  The  first  two  cameras  were 
placed  at  nests  prior  to  laying;  both  nests  were 
abandoned  almost  immediately.  All  subsequent 
cameras  were  placed  at  nests  after  clutch 
initiation;  these  nests  were  not  abandoned.  We 

(1)  checked  the  images  from  the  cameras  4  hrs 
after  placing  each  camera  to  ensure  that  adults  had 
returned  to  the  nest  and  were  incubating  normally; 

(2)  compared  nest  predation  rates  at  the  15  nests 
with  cameras  to  a  randomly  selected  subset  of  15 
nests  without  cameras;  and  (3)  compared  nest 
visitation  rates  at  three  nests  with  cameras  and  at 
three  randomly  selected  nests  without  cameras 
during  a  5-hr  period  of  the  first  morning  after 
hatching.  Visitation  rates  at  nests  without  cameras 
were  recorded  by  an  observer  with  binoculars 
from  a  boat  >50  m  from  the  nest  for  the  same  5- 
hr  period  of  the  first  morning  after  hatching. 
Images  at  all  15  nests  at  which  cameras  were 
installed  during  the  incubation  period  showed  that 
the  adults  returned  to  the  nest  and  resumed 
incubation  <10  min  after  the  camera  was  in¬ 
stalled.  No  significant  differences  were  found  in 
either  nest  predation  rates  (Fisher’s  exact  test,  P 
=  0.69)  or  visitation  rates  (Mann- Whitney  U  = 
222,  P  =  0.67)  in  comparisons  between  nests  with 
and  without  cameras. 

Data  and  Statistical  Analyses. — We  use  the 
term  “communal  clutch”  to  refer  to  the  total 
number  of  eggs  or  nestlings  contributed  by  all 
breeding  females  in  a  nesting  group,  whereas  “per 
female  clutch”  refers  to  the  average  number  of 
eggs  or  nestlings  contributed  by  an  individual 
breeding  female  in  a  nesting  group  (Schmaltz  et 
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al.  2008).  It  is  probable  that  average  number  of 
eggs  laid  per  female  is  not  an  accurate  measure  of 
individual  reproductive  success,  as  all  group 
members  may  not  contribute  equally  to  a  clutch. 
However,  we  present  per-female  averages  as  well 
as  communal  clutch  sizes  to  enable  comparison 
with  previously  published  studies  of  other  croto- 
phagines  (Vehrencamp  1977,  1978).  Sample  sizes 
vary  because  it  was  not  possible  to  collect  all  data 
from  every  nest.  Data  were  not  normally  distrib¬ 
uted  and  we  used  non-parametric  Spearman  rank 
correlations  (Rs)  to  examine  whether  communal 
clutch  size,  per  female  clutch  size,  and  number  of 
eggs  ejected  varied  with  group  size.  Some  nests 
were  found  after  laying  began  and  survival 
probabilities  were  calculated  with  Mayfield’s 
(1975)  method  for  each  stage  of  the  nesting  cycle. 
The  nesting  cycle  was  divided  into  laying  period 
(from  the  day  of  the  laying  of  the  first  egg  until 
onset  of  incubation),  incubation  period  (from 
onset  of  incubation  until  hatching  of  the  first 
egg),  nestling  period  (from  hatching  of  the  first 
egg  until  fledging  of  the  first  nestling),  and  the 
entire  nesting  period  (from  laying  of  the  first  egg 
to  fledging  of  the  last  nestling).  Nest  predation 
rates  for  each  period  are  presented  as  uncorrected 
percentages.  Statistical  analyses  were  performed 
with  JMP  7.0  (SAS  Institute  Inc.,  Cary,  NC, 
USA),  all  tests  were  two-tailed,  and  significance 
was  set  at  a  =  0.05.  Results  are  presented  as  mean 
±  SE  unless  otherwise  noted. 

RESULTS 

Nests  and  Nesting  Group  Size. — We  located  and 
monitored  43  active  nests  in  2007  and  44  in  2008. 
An  additional  28  groups  defended  territories  and 
built  nests,  but  did  not  lay  eggs.  We  banded  137 
adults  and  221  nestlings;  all  individuals  were 
color-banded  in  eight  groups  and  in  14  groups  at 
least  one  bird  was  banded.  All  of  the  87  active 
nests  were  attended  by  at  least  two  pairs:  single 
pairs  did  not  nest  alone.  Sixty-six  groups  (76%) 
consisted  of  two  socially  monogamous  pairs;  an 
unpaired  adult  was  present  at  three  of  these. 
Seventeen  groups  (20%)  consisted  of  three 
socially  monogamous  pairs,  two  of  which  includ¬ 
ed  an  unpaired  adult.  Three  of  the  five  unpaired 
helpers  were  1 -year-old  birds  that  had  been 
banded  as  nestlings  in  2007  and  were  still  with 
the  natal  group  in  2008;  molecular  analyses 
revealed  all  three  to  be  males.  Only  four  groups 
(5%)  included  more  than  three  pairs,  and  all  four 


nesting  attempts  were  abandoned  before  incuba¬ 
tion  began. 

Nesting  groups  formed  in  late  April,  soon  after 
the  start  of  the  rainy  season,  and  began  building 
nests  in  early  May.  Close  observations  of  four 
color-banded  groups  during  the  nest-building 
period  revealed  that  all  group  members  brought 
sticks  to  the  nest  and  that  nests  were  built  quickly 
(between  3  and  7  days).  However,  most  groups 
did  not  initiate  egg-laying  until  mid-July.  The 
earliest  clutch  was  initiated  in  early  June  and  the 
latest  in  the  last  week  of  September.  Three-pair 
groups  initiated  laying  later  (mean  date:  15  Aug, 
range:  10  Jul-1  Sep,  n  =  17)  than  did  two-pair 
groups  (mean  date:  28  Jul,  range:  3  Jun-18  Aug,  n 
=  66).  Groups  frequently  re-nested  in  the  same 
season  following  depredation  of  the  nest  (up  to  3 
times),  but  groups  that  successfully  fledged  young 
were  not  observed  to  re-nest  in  the  same  season. 
Forty-four  percent  (19/43)  of  nesting  territories  in 
2007  were  re-used  in  2008;  group  members  laid 
eggs  either  in  the  same  nest  (n  =  6)  or  in  a 
different  nest  immediately  adjacent  to  the  old  nest 
(n  =  13). 

All  nests  were  built  over  shallow  water  at  the 
shoreline.  Most  nests  (n  =  55)  were  in  aquatic 
vegetation  in  the  water,  including  Annona  glabra, 
a  small  tree  that  grows  in  the  water;  Acrostichum 
danaeifolium,  a  large  aquatic  fern;  and  Montri- 
chardia  arborescens,  a  spiny  araceous  shrub. 
Nests  were  also  built  in  a  variety  of  deciduous 
trees  whose  branches  overhung  the  water  (n  = 
32),  including  Calophyllum  longifolium,  Dolio- 
carpus  major ,  Terminalia  amazonica,  Byrsonima 
crassifolia,  Coccoloba  parinense,  Clusia  praten- 
sis.  Ficus  trigonata,  and  Brosimum  alicastrum. 
Nests  were  bulky,  open-cup  structures  of  sticks 
lined  with  leaves.  Adults  regularly  brought  fresh 
leaves  to  the  nest  during  incubation  so  the  lining 
remained  green,  but  leaves  were  not  replaced  after 
the  chicks  hatched.  Measurements  from  a  subset 
of  five  nests  were:  inside  cup  diameter  mean  =  16 
±  3  cm;  inside  cup  depth  mean  =  7  ±  2  cm; 
outside  cup  diameter  mean  =  42  ±  7  cm.  Nest 
height  ranged  from  0.5  to  5  m  above  the  water’s 
surface  (mean  =  1.3  ±  0.5  m). 

Eggs,  Ejection,  and  Incubation. — Eggs  were 
elliptical  to  sub-elliptical  in  shape  and  turquoise- 
blue  in  color  with  a  whitish  outer  layer  of  vaterite, 
a  polymorph  of  calcium  carbonate.  This  chalky 
coating  was  easily  scratched  off;  freshly-laid  eggs 
were  completely  white,  but  the  coating  was 
gradually  abraded  off  during  incubation  to  reveal 
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FIG.  1.  Mean  (+  SE)  number  of  eggs  laid  (both  ejected 
and  incubated)  as  a  function  of  group  size  in  Greater  Anis. 
Sample  sizes  are  n  =  66,  n  =  17,  and  n  =  4  for  groups  of 
two,  three,  and  four  pairs,  respectively.  The  number  of  eggs 
in  the  communal  clutch  significantly  increased  with  group 
size,  but  number  of  eggs  laid  per  female  did  not. 

the  bluish  shell  underneath.  Eggs  varied  greatly  in 
size,  ranging  from  19.3  to  37.8  g  (fresh  mass; 
mean  =  29.7  ±  2.9,  n  =  343).  Length  ranged 
from  38.8  to  48.1  mm  (mean  =  42.9  ±  1.7)  and 
width  from  29.0  to  37.5  mm  (mean  =  34.8  ± 
1 .2).  Female  body  mass  ranged  from  155  to  201  g 
(mean  =  172.6  ±  18.4,  n  =  27);  population- wide, 
mean  egg  mass  represented  —17%  of  mean 
female  body  mass.  Overall,  each  female  laid 
between  three  and  seven  eggs  per  nesting  attempt 
(per  female  mean  =  4.3  ±  0.9)  and  communal 
clutch  size  ranged  from  6  to  17  eggs  (communal 
clutch  mean  =  10.4  ±  2.3).  The  number  of  eggs 
in  the  communal  clutch  increased  with  group  size 
(Spearman  rank  correlation  rs  =  0.712,  n  =  34,  P 
<  0.05;  Fig.  1).  However,  the  mean  number  of 
eggs  laid  per  female  did  not  vary  with  group  size; 
thus,  egg  investment  per  female  was  roughly 
equal  regardless  of  the  number  of  females  laying 
in  the  nest  (Spearman  rank  correlation  rs  =  0.104, 
n  =  34,  P  >  0.1;  Fig.  1). 

The  first-laid  egg  was  ejected  from  the  nest  in 
all  nests  except  one.  The  probability  of  an  egg 
being  ejected  remained  high  throughout  the 'laying 
sequence,  although  early-laid  eggs  were  at'  greater 
risk  (Fig.  2).  On  average,  the  first  1.7  (±  0.9)  eggs 
were  ejected  in  groups  with  two  females,  and  the 
first  4.5  (±  1.6)  eggs  were  ejected  in  groups  with 
three  females.  None  of  the  nesting  attempts  by 
groups  with  four  or  more  females  was'  successful: 
between  8  and  19  eggs  (mean  =  14(8  ±  3.8)  were 
ejected  before  the  nest  was  abandoned.  The 
number  of  eggs  ejected  per  female  increased  with 
group  size  (Spearman  rank  correlation  rs  =■  0.72, 


FIG.  2.  Mean  (+  SE)  probability  of  egg  ejection  as  a 
function  of  position  in  the  laying  sequence  for  Greater  Ani 
nesting  groups  with  two  ( n  =  66)  and  three  (n  =  17) 
breeding  pairs. 

n  =  34,  P  <  0.05;  Fig.  3).  Ejection  typically 
ceased  after  two  eggs  remained  in  the  nest  for 
<24  hrs.  Three-pair  groups  had  higher  ejection 
rates  than  two-pair  groups,  but  ultimately  incu¬ 
bated  more  eggs  in  the  communal  clutch  (mean  = 
9.0  ±1.6  and  7.3  ±  1.1  eggs,  respectively). 

Each  female  laid  an  egg  at  —2-day  intervals 
and  females  within  the  same  group  often  laid  eggs 
on  alternate  days.  Group  members  typically 
separated  into  conspicuous  pairs  during  the  laying 
and  incubation  period.  Incubation  typically  began 
after  the  third-to-last  or  second-to-last  egg  was 
laid,  resulting  in  asynchronous  hatching  of  one  or 
more  chicks  ( n  =  36  clutches,  86%).  Incubation 
began  at  six  nests  (14%)  after  all  eggs  were  laid 
and  hatching  was  synchronous.  The  time  interval 
between  hatching  of  the  first  and  last  egg  ranged 
from  0  to  5  days  (mean  =  2.5  ±  0.8  days).  The 


FIG.  3.  Mean  (+  SE)  number  of  eggs  ejected  as  a 
function  of  group  size  in  Greater  Anis.  Sample  sizes  are  n 
=  66,  n  =  17,  and  n  =  4  for  groups  of  two,  three,  and  four 
pairs,  respectively.  Both  group  and  per  female  losses  to  egg 
ejection  significantly  increased  with  group  size. 
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TABLE  1.  Number  of  eggs  laid,  incubated, 
and  fledged  at  24  successful  Greater  Ani  nests 
Lake,  Panama  (2007-2008). 

hatched, 
at  Gatun 

Mean  ±  SD 

Range 

Number  of  eggs  laid 

9.8  ±  2.4 

6-16 

Number  of  eggs  incubated 

7.8  ±  1.5 

5-12 

Number  of  eggs  hatched 

6.4  ±  2.3 

2-10 

Number  of  chicks  fledged 

4.8  ±  1.8 

1-7 

incubation  period  was  1 1-12  days  for  all  15  eggs 
for  which  we  had  precise  information  on  laying 
and  hatching  times.  Brood  patches  were  present 
on  both  males  and  females,  but  we  did  not 
quantify  the  amount  of  time  that  each  group 
member  spent  incubating. 

Nestlings. — Nestlings  were  blind  and  naked  at 
hatching;  eyes  opened  after  1  day  and  pin-feathers 
emerged  at  1-2  days.  Feathers  did  not  begin  to 
unsheathe  until  6  days,  but  5-day-old  nestlings 
were  capable  of  climbing  or  jumping  from  the 
nest  when  disturbed.  Nestlings  frequently  hooked 
their  bills  over  twigs  as  they  climbed,  sometimes 
using  the  bend  of  the  wing  to  propel  themselves 
upwards.  Nestlings  often  jumped  from  the  nest 
into  the  water  below,  swam  back  to  the  base  of  the 
nest  tree,  and  climbed  back  towards  the  nest. 
Seven-day-old  nestlings  readily  left  the  nest  in 
response  to  adult  alarm  calls.  Fledging  occurred  at 
8-10  days,  when  nestlings  climbed  from  the  nest 
into  nearby  vegetation.  Fledglings  from  the  same 
nest  typically  dispersed  to  different  areas  around 
the  nest,  where  the  adults  continued  to  feed  them 
for  the  next  2  weeks.  Fledglings  were  capable  of 
flying  at  ~14  days,  when  the  entire  group  would 
often  move  to  a  different  area  away  from  the  nest. 
Adults  continued  to  feed  fledglings  for  up  to 
6  weeks.  Color-banded  fledglings  remained  with 
their  natal  group  for  several  more  months  before 
dispersing  prior  to  the  onset  of  the  next  breeding 
season  (n  =  9  nesting  groups). 

Egg  and  Nestling  Mortality. — Overall,  43%  of 
nests  («  =  37)  successfully  fledged  at  least  one 
young.  Predation  rates  and  estimated  survival 
probabilities  varied  with  stage  in  the  nesting  cycle 
(Table  1).  Predation  accounted  for  most  nest 
losses  ( n  =  43,  86%),  followed  by  abandonment 
during  the  laying  period  ( n  =  4,  8%;  all  were 
groups  with  >4  egg-laying  females).  Two  clutch¬ 
es  (4%)  failed  to  hatch,  probably  because  the  eggs 
had  become  wet;  the  eggs  in  both  of  these  clutches 
had  visible  water  marks  on  the  shell  where  the 
vaterite  coating  had  been  washed  away  in  patches. 


One  entire  clutch  (2%)  was  ejected  from  the  nest 
during  incubation  for  unknown  reasons. 

We  were  able  to  identify  the  predator  at  9  of  43 
depredated  nests.  At  four  nests  we  found  snakes  in 
the  nest  (Pseustes  poecilionotus  and  Boa  constric¬ 
tor)  or  near  the  nest  with  a  recently  swallowed  egg 
still  visible  in  the  snake’s  body  ( P .  poecilionotus 
and  Spilotes  pullatus).  Nest  cameras  confirmed 
snake  predation  at  another  three  nests  (apparently 
P.  poecilionotus  in  all  cases).  We  also  observed 
white-faced  capuchin  monkeys  ( Cebus  capuchi- 
nus)  preying  on  ani  eggs  at  two  nests.  Nest 
cameras  were  placed  at  an  additional  18  nests  that 
were  subsequently  depredated,  but  the  cameras 
did  not  record  the  predator  as  the  predation 
occurred  at  night.  Nearly  all  nests  were  depredat¬ 
ed  sequentially,  losing  1-2  eggs  per  night,  and  the 
nests  were  undamaged,  suggesting  that  noctumal- 
ly  active  snakes  were  the  most  likely  predators. 
On  several  occasions,  Greater  Anis  also  gave 
alarm  calls  when  Yellow-headed  Caracaras  ( Mil - 
vago  chimachima)  flew  over,  but  caracara  preda¬ 
tion  was  not  confirmed. 

Egg  and  nestling  mortality  was  high  even  in 
nests  that  successfully  fledged  young.  We  had 
complete  information  on  the  number  of  incubated 
eggs,  number  of  hatched  eggs,  and  number  of 
fledglings  at  24  nests;  all  of  the  incubated  eggs 
hatched  and  survived  to  fledging  at  only  two  of 
these  nests  (Table  2).  One  or  more  eggs  at  13 
nests  failed  to  hatch  due  to  infertility  (n  =  5  eggs) 
or  insufficient  development  (n  =  12  eggs). 
Overall  hatching  success  was  84%  (n  =  196 
eggs).  One  or  more  nestlings  died  or  disappeared 
before  fledging  at  19  nests  (overall  nestling 
survival  =  76%,  n  =  165  nestlings).  Four 
nestlings  were  found  dead  in  nests,  one  with 
wounds  on  the  body  and  head;  a  fifth  was  found  in 
the  nest  with  injuries  to  the  head  and  neck,  but 
survived.  In  most  cases,  nestlings  died  or 
disappeared  in  the  first  2  days  after  hatching. 
Each  successful  nest  lost  an  average  of  1 .6  chicks 
as  a  result  of  post-hatching  mortality  (±  1.4; 
range  0-3). 

Displays. — The  communal  display  is  initiated 
when  one  individual  gives  a  series  of  loud,  high- 
pitched,  cackling  “kak-kaak-kak”  notes,  at  the 
rate  of  about  3-4  syllables/sec.  Other  group 
members  immediately  fly  in  from  distances  as 
distant  as  50  m  to  perch  beside  the  calling 
individual.  After  several  individuals  have  arrived, 
the  first  individual  stops  cackling  and  gives  a 
steady,  low-pitched  gurgling  noise  similar  to  the 
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TABLE  2.  Nest  depredation 

rates  and  estimated 

survival  probabilities  at  87 

Greater  Ani  nests  at 

Gatun  Lake, 

Panama  (2007-2008). 

Nesting  stage 

Length  (days)(mean  ±  SE) 

Estimated  survival  probability  (%) 

*  Nest  depredation  (%)b 

Number  of  nests0 

Laying  period 

9.7  ±  3.4 

58.2 

23.0 

87 

Incubation  period 

11.3  ±  0.5 

57.4 

26.9 

67 

Nestling  period 

8.9  ±  1.4 

80.2 

10.2 

49 

Overall  nest  period 

26.4  ±  3.9 

26.8 

49.4 

87 

a  Computed  from  daily  survival  rates  using  Mayfield’s  (1975)  method. 
b  Percentage  of  active  nests  that  failed  during  each  period  because  of  predation. 
c  Total  number  of  active  nests  monitored  during  each  period. 


sound  of  water  boiling  or  the  hum  of  an  outboard 
motor.  Other  birds  usually  join  in  the  gurgling  call 
until  the  chorus  increases  in  volume  and  intensity; 
during  the  chorus,  one  or  more  individuals  may 
give  a  raspy,  rising  “kaa-kaa-kaa.”  The  chorus 
may  last  up  to  2  min,  during  which  time  the  group 
members  arrange  themselves  into  a  loose  circle  on 
surrounding  perches  with  their  bills  pointing 
towards  the  center,  almost  touching.  Individuals 
in  monogamous  pairs  typically  sit  next  to  one 
another  with  their  bills  closely  aligned  in  the 
circle;  occasionally  individuals  climb  or  hop 
around  each  other  to  change  positions  in  the 
circle,  keeping  their  bills  towards  the  center.  After 
10  sec  to  2  min,  the  gurgling  stops  abruptly  and 
all  individuals  immediately  disperse. 

We  observed  143  communal  displays  by  32 
groups.  During  the  non-breeding  season,  when 
Greater  Anis  form  large  communal  roosts  of  up  to 
100  individuals,  an  average  of  10.2  (±  3.1) 
individuals  participated  in  each  display  ( n  =  74), 
and  displays  frequently  involved  odd  numbers  of 
birds  (i.e.,  unpaired  birds).  The  composition  of 
individuals  in  displaying  groups  was  not  consis¬ 
tent;  on  seven  occasions  color-banded  birds  were 
observed  to  display  with  one  group,  then  join  a 
different  group  and  later  display  with  that  group. 
However,  displays  during  the  breeding  season 
involved  fewer  individuals  and  were  restricted  to 
the  members  of  a  communal  nesting  group  (mean 
=  5.2  ±  2.7  individuals).  The  composition  of 
individuals  in  groups  was  consistent  during  the 
breeding  season:  color-banded  birds  were  ob¬ 
served  to  display  only  with  their  own  nesting 
group  at  this  time.  Only  socially  monogamous 
pairs  participated  in  displays  in  groups  with 
unpaired  birds  during  the  breeding  season;  the 
unpaired  bird  typically  sat .  above  or  near  the 
displaying  group,  but  did  not  participate.  Groups 
usually  did  not  display  after  egg-laying  began, 
except  occasionally  when  disturbed  by  observers 


or  by  a  predator  at  the  nest.  Repeated  observations 
(n  =  22)  of  displays  by  one  group  in  which  all 
members  were  color-banded  revealed  that  one 
individual  (a  male)  initiated  —60%  of  displays 
and  that  all  group  members  participated  in  the 
displays.  We  usually  could  not  attribute  an 
obvious  trigger  to  displays,  although  groups  did 
occasionally  display  in  response  to  predators  at 
the  nest  or  observers  handling  nestlings.  We  did 
not  observe  groups  displaying  in  response  to  other 
groups,  nor  two  groups  displaying  simultaneously. 

DISCUSSION 

Greater  Anis,  like  the  other  crotophagine 
cuckoos,  nest  in  groups  composed  of  socially 
monogamous  pairs  that  all  appear  to  contribute 
eggs  to  a  communal  clutch.  Female  anis  competed 
for  reproduction  by  ejecting  early-laid  eggs  from 
the  nest;  both  clutch  size  and  the  number  of  eggs 
ejected  increased  with  group  size.  Eggs  were 
exceptionally  large  and  variable  in  size,  and 
incubation  and  nestling  periods  were  extremely 
short.  Groups  with  more  than  three  breeding 
females  were  unstable,  possibly  due  to  the 
difficulty  of  synchronizing  reproduction,  and 
these  nests  were  abandoned  before  a  complete 
clutch  was  laid. 

Greater  Anis  in  the  study  population  appear  to 
be  obligately  communal,  unlike  the  other  croto¬ 
phagine  cuckoos.  Greater  Anis  were  not  observed 
to  nest  as  single  pairs,  whereas  single  pairs  are 
relatively  common  in  other  Crotophaga  (Bowen 
2002,  Vehrencamp  and  Quinn  2004).  Patterns  of 
egg  investment  are  also  different  across  species; 
the  number  of  eggs  laid  per  capita  by  Smooth¬ 
billed  Anis  increases  significantly  with  group  size 
(Schmaltz  et  al.  2008),  whereas  female  Greater 
Anis  laid  roughly  the  same  number  of  eggs 
regardless  of  group  size. 

The  number  of  eggs  that  can  be  simultaneously 
incubated  in  one  nest,  as  well  as  competition 
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among  group  members,  may  put  an  upper  limit  on 
group  size.  Incubated  clutches  contained  up  to  12 
eggs,  but  no  group  produced  more  than  seven 
fledglings — a  result  of  fairly  low  hatching  success 
combined  with  high  nestling  mortality.  Partial 
depredation  and  starvation  of  late-hatched  nest¬ 
lings  undoubtedly  contributed  to  nestling  mortal¬ 
ity;  however,  the  presence  of  dead  and  injured 
chicks  in  several  nests,  as  well  as  the  frequent 
disappearance  of  nestlings  soon  after  hatching, 
strongly  suggests  that  infanticide  may  also  occur. 
These  patterns  of  nestling  loss  are  similar  to  those 
reported  for  the  Guira  Cuckoo,  the  only  croto- 
phagine  cuckoo  in  which  infanticide  has  been 
confirmed  (Macedo  and  Melo  1999,  Macedo  et  al. 
2001).  We  were  not  able  to  confirm  infanticide  in 
this  study,  as  cameras  were  not  set  at  any  of  the 
nests  in  which  dead  chicks  were  subsequently 
found. 

The  conspicuous,  highly  stereotyped  communal 
displays  are  unique  to  this  species  and  warrant 
further  research.  The  display  itself  is  strikingly 
similar  to  the  rallying  choruses  performed  by 
cooperatively  breeding  Green  Wood  Hoopoes 
(. Phoeniculus  purpureus),  which  function  as  terri¬ 
torial  contests  between  neighboring  groups  (Rad¬ 
ford  2003).  Greater  Anis  did  not  display  in 
response  to  territorial  encounters,  however,  and 
the  function  of  displays  may  be  more  related  to 
group  formation,  organization,  and  decision¬ 
making.  It  is  significant,  for  example,  that  one 
male  initiated  a  majority  of  displays  in  the  one 
group  under  close  observation.  This  male  may 
have  a  role  similar  to  that  of  the  “alpha”  male  of 
the  more  hierarchically  organized  Groove-billed 
Ani  groups,  which  performs  a  majority  of 
incubation  and  nest  defense  (Vehrencamp  1977). 
More  observations  of  color-banded  individuals 
and  nesting  groups  are  needed  to  clarify  the  role 
of  this  behavior. 

The  data  presented  here  represent  preliminary 
results  from  an  ongoing  study  of  the  genetic 
mating  system  of  Greater  Anis.  Future  work  on 
this  color-banded  population  will  attempt  to 
quantify  reproductive  success  of  individuals 
within  groups  by  combining  field  observations 
with  genetic  data  to  identify  paternity  and 
maternity  of  nestlings. 
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REPRODUCTION  AND  MICROHABITAT  SELECTION  IN  A  SHARPLY 
DECLINING  NORTHERN  BOBWHITE  POPULATION 

BRIDGET  M.  COLLINS,1-3  CHRISTOPHER  K.  WILLIAMS,1-4  AND  PAUL  M.  CASTELLI2 


ABSTRACT. — Northern  Bobwhite  ( Colinus  virginianus)  populations  have  been  declining  throughout  their  range,  but 
some  of  the  sharpest  declines  have  been  documented  in  the  Mid-Atlantic  states.  We  conducted  a  2  year  (2006-2007) 
breeding  season  (1  May-30  Sep)  telemetry  study  in  southern  New  Jersey  to  collect  baseline  data  on  Northern  Bobwhite 
reproductive  rates,  and  nest  and  brood  microhabitat  selection.  We  located  23  Northern  Bobwhite  nests,  of  which  21  were 
usable  for  survival  analyses.  Incubation-period  nest  survival  rate  was  0.454  ±  0.010  (95%  Cl  =  0.280-0.727).  Mean  clutch 
size  was  14.2  ±  0.58  (range  10-19,  n  =  20)  and  hatching  success  was  96.1  ±  2.0%  (range  86-100%,  n  =  10).  The 
estimated  probability  that  an  individual  that  entered  the  breeding  season  would  initiate  incubation  of  al  nest  was  0.687  for 
females  and  0.202  for  males.  Nest  microhabitat  selection  was  positively  related  to  visual  obstruction  and  percentage  of 
litter.  Brood  microhabitat  selection  was  positively  related  to  visual  obstruction,  vegetation  height,  and  percentage  of  forbs 
but  negatively  related  to  percentage  of  cool  season  grass  and  litter.  Fecundity  metrics  for  Northern  Bobwhites  in  southern 
New  Jersey  appear  similar  to  those  reported  elsewhere  in  the  species’  range.  Conservation  efforts  to  increase  Northern 
Bobwhite  reproductive  success  in  southern  New  Jersey  should  focus  on  increasing  the  quantity  of  available  breeding 
habitat.  Received  2  March  2009.  Accepted  3  August  2009. 


Northern  Bobwhite  ( Colinus  virginianus)  pop¬ 
ulations  have  been  declining  throughout  most  of 
their  range  (Sauer  et  al.  2008).  Some  of  the  most 
marked  declines  in  Northern  Bobwhite  popula¬ 
tions  are  occurring  at  the  northern  periphery  of  the 
species’  range,  including  the  upper  Mid- Atlantic 
States.  The  Breeding  Bird  Survey  recorded 
declines  in  New  Jersey  between  1980  and  2007 
of  13.0%  per  year  (Sauer  et  al.  2008).  Northern 
Bobwhite  reproductive  rates  have  not  been 
documented  in  New  Jersey  or  any  of  the  Mid- 
Atlantic  States,  and  it  is  unknown  if  the  severity 
of  population  declines  is  a  result  of  land  use 
changes  in  the  region  limiting  reproductive  effort. 

Low  reproductive  effort  or  success  may  be  a 
result  of  reduced  nesting  habitat.  New  Jersey  has 
the  highest  human  population  density  in  the  nation 
(U.S.  Census  Bureau  2000).  Changing  land  use 
practices  in  recent  decades  throughout  the  Mid- 
Atlantic  have  reduced  the  quantity  and  perhaps 
quality  of  native,  warm  season  grass  nesting 
habitat  (Fies  et  al.  1992).  Ground-nesting  birds  in 
early  successional  habitats,  such  as  bobwhites, 
generally  have  high  nest  failure  rates  (Martin 
1993).  The  primary  cause  of  nest  failure  of  Mid- 
Atlantic  bobwhites  is  predation  (e.g.,  by  Virginia 
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opossums  [Didelphis  virginianus ],  common  rac¬ 
coons  [Procyon  lotor ],  striped  skunks  [Mephitis 
mephitis],  and  black  rat  snakes  [Elaphe  obsoleta 
obsoleta ];  Fies  and  Puckett  2000).  Predation  risk 
is  related  to  nest  placement  (Ricklefs  1969)  and 
natural  selection  should  favor  nest  placement  that 
maximizes  probability  of  success.  Northern  Bob- 
whites  typically  select  patches  of  warm  season 
grass  (as  compared  to  uniform  cool  season  grass) 
that  offer  structural  complexity  to  conceal  the  nest 
(Stoddard  1931,  Taylor  et  al.  1999a,  Hernandez  et 
al.  2003).  Proximate  cues  in  altered  habitats  that 
favored  Northern  Bobwhite  nest  site  selection 
patterns  could  be  uncoupled  from  the  suitability 
of  the  site,  which  ultimately  formed  the  selection 
cues.  Such  uncoupling  has  been  shown  in  other 
early  successional  species  (e.g.,  Sage  Sparrows 
[Amphispiza  belli],  Misenhelter  and  Rotenberry 
2000;  Lark  Sparrows  [Chondestes  grammacus], 
Lusk  et  al.  2003;  and  Indigo  Buntings  [ Passerina 
cyanea ],  Weldon  and  Haddad  2005).  The  relation¬ 
ship  between  Northern  Bobwhite  nesting  habitat 
and  nest  survival  in  New  Jersey  is  unknown. 

Habitat  quality  could  also  influence  chick 
survival.  Northern  Bobwhite  chicks  experience 
highest  mortality  rates  in  their  first  month  post¬ 
hatch  (Lusk  et  al.  2005)  with  reported  30-day 
survival  estimates  ranging  from  0.14  to  0.72 
(Sandercock  et  al.  2008;  although  concern  has  been 
expressed  that  survival  rates  based  on  radio 
telemetry  are  biased  low  [Guthery  and  Lusk 
2004]).  Brood  movement  patterns  and  microhabitat 
selection  have  been  linked  to  microhabitat  compo¬ 
nents  that  support  insect  availability  (DeVos  and 
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Mueller  1993,  Taylor  and  Guthery  1994).  Brood 
habitat  has  the  potential  to  influence  recruitment, 
and  data  on  brood  habitat  selection  is  needed  to  aid 
in  regional  habitat  recommendations. 

Comparing  Northern  Bobwhite  reproductive 
rates  in  New  Jersey  to  estimates  from  elsewhere 
in  the  species’  range  is  necessary  to  identify 
limiting  factors  for  this  rapidly  declining  popula¬ 
tion.  Identifying  local  habitat  components  related 
to  Northern  Bobwhite  nest  success  is  necessary  to 
guide  breeding  season  habitat  restoration  efforts. 
Describing  brood  habitat  selection  in  New  Jersey 
will  aid  efforts  to  increase  Northern  Bobwhite 
recruitment.  Our  research  objectives  were  to:  (1) 
document  Northern  Bobwhite  nest  survival  and 
other  fecundity  metrics,  and  compare  them  to 
estimates  from  elsewhere  in  the  species’  range; 
(2)  measure  nest-site  microhabitat  structure  and 
composition,  and  identify  differences  in  micro¬ 
habitat  characteristics  between  successful  and 
failed  nests;  and  (3)  measure  microhabitat  struc¬ 
ture  and  composition  selected  by  Northern 
Bobwhites  for  brood-rearing. 

METHODS 

Study  Site. — This  study  was  conducted  in  a  125- 
km2  area  without  fixed  study  area  boundaries  in 
west-central  Cumberland  County,  New  Jersey, 
USA  (39°  22'  N,  75°  15'  W;  hereafter  the  “focal 
area”)  during  the  Northern  Bobwhite  breeding 
season  (1  May-30  Sep  2006-2007).  Cumberland 
County  is  within  the  Outer  Coastal  Plain  physio¬ 
graphic  region,  bordering  Delaware  Bay.  Land  use 
in  the  focal  area  was  39.1%  forest,  24.9%  wetland, 
20.0%  agriculture  (including  hayland  and  pasture), 
5.9%  developed,  5.4%  early  successional  habitat 
(including  oldfields,  grasslands,  and  shrubland 
habitats),  and  4.7%  other  land  use  (orchards  and 
nurseries,  extractive  mining,  and  barren  land) 
(NJDEP  2007).  Forest  overstory  species  were 
predominantly  oaks  ( Quercus  spp.)  and  Virginia 
pine  ( Pinus  virginianaf  common  understory  and 
edge  species  were  multiflora  rose  (Rosa  multiflora), 
greenbriar  ( Smilax  spp.),  Russian  olive  (Elaeagnus 
angustifolia),  and  mountain  laurel  (Kalmia  latifo- 
lia).  Common  grasses  were  broomsedge  (Andropo- 
gon  virginicus),  big  bluestem  (A.  gerardi ),  and 
orchard  grass  (Dactylis  glomerata).  The  focal  area 
was  predominantly  private  land,  but  included  a 
small  portion  (1.5  knj2)  of  managed  grassland  and 
savannah  on  state  Wildlife  Management  Areas 
(WMAs).  Grasslands  on  WMAs  were  mowed 
approximately  every  other  spring  and,  in  2007,  a 


prescribed  burn  was  applied  to  37  ha  of  grassland 
and  savannah.  Mean  daily  temperatures  ranged 
from  10.6°  C  in  May  2007  to  31.7°  C  in  August 
2007  and  averaged  21.4°  C  at  the  Millville,  New 
Jersey  Municipal  Airport  (MMA;  39°  22'  N, 
75°  05'  W)  (NOAA  2008).  Breeding  season  pre¬ 
cipitation  was  48.6  cm  in  2006  and  19.7  cm  in  2007 
(MMA,  NOAA  2008). 

Data  Collection  and  Analysis. — We  trapped 
Northern  Bobwhite  continuously  between  January 
2006  and  September  2007  using  bait  traps  (Stod¬ 
dard  1931)  and  night  lighting  (Labisky  1968),  and 
mist  nests  with  audio  lures  during  the  breeding 
season.  Audio  lures  were  a  continuous  loop  of  a 
Northern  Bobwhite  “hen  call.”  We  assigned 
gender  and  age  (hatch  year,  HY;  second  year,  SY; 
or  after  second  year,  ASY)  upon  capture  of  birds 
based  on  plumage  (Rosene  1969),  fit  them  with  a 
numbered  aluminum  leg  band,  and  weighed  them  to 
the  nearest  gram.  All  birds  were  fitted  with  a  6-g 
necklace-type  radio  transmitter  (2.5-4.0%  of  body 
mass;  Model  RI-2B,  Holohil  Systems  Ltd.,  Carp, 
ON,  Canada);  transmitters  were  within  body  mass 
recommendations  (<5%  of  body  mass;  Samuel  and 
Fuller  1994).  Radio  transmitters  in  2007  were 
equipped  with  12  hr  mortality  censors.  We  also 
collected  the  first  (inner  most)  primary  feather  of 
each  wing  from  each  captured  individual  for  use  in 
radioisotope  and  genetic  studies.  We  immediately 
released  all  birds  at  capture  location,  and  all 
Northern  Bobwhites  could  fly  upon  release  (mean 
±  SE  handling  time  =  32  ±  5  min,  n  =  131 
captures  and  91  recaptures).  We  located  radio- 
marked  individuals  4-7  times/week  (mean  ±  SE  = 
4.89  ±  0.18)  via  homing  (White  and  Garrott  1990) 
using  hand-held  VHF  receivers  and  H-antennas 
(Advanced  Telemetry  Systems,  Isanti,  MN,  USA) 
during  the  breeding  season. 

We  identified  potential  Northern  Bobwhite  nests 
after  two  consecutive  identical  location  estimates  of 
a  radio-marked  adult  (Burger  et  al.  1995).  We 
placed  a  small  flag  10-15  m  from  the  suspected 
nest  site  and  visually  confirmed  nest  presence  once 
the  incubating  adult  was  located  distant  from  the 
site  (Burger  et  al.  1995,  Taylor  et  al.  1999b). 
Suspected  incubating  adults  were  not  intentionally 
flushed  to  minimize  nest  abandonment.  We  counted 
the  number  of  eggs  and  referenced  the  exact 
location  of  the  nest  with  a  hand-held  global 
positioning  system  (GPS)  if  a  nest  was  visually 
confirmed  prior  to  nest  termination. 

We  monitored  the  status  of  each  nest  4-7  times/ 
week  by  locating  the  incubating  adult.  We 
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assumed  incubation  was  ongoing  if  the  adult  was 
at  the  nest  site.  On  the  rare  occasions  the 
incubating  adult  was  distant  from  the  nest  site, 
we  visually  inspected  nests  and  recorded  whether 
nests  were  predated,  hatched,  or  undisturbed. 
Exact  nest  termination  date  was  known  for  14  of 
23  nests  (60.9%),  and  termination  date  was  known 
within  4  days  for  all  other  nests.  We  made  the 
assumption  a  nest  was  abandoned  if  we  did  not 
locate  the  adult  at  the  nest  for  7  days.  We 
considered  nests  abandoned  due  to  observer 
disturbance  if  abandonment  occurred  immediately 
after  accidental  flush  of  an  incubating  bobwhite. 
We  defined  depredated  nests  as  those  missing  >  1 
egg  where  the  adult  did  not  return  to  incubate,  and 
successful  nests  as  those  hatching  >1  egg  (Taylor 
et  al.  1999a).  We  considered  depredated  and 
naturally  abandoned  nests  as  failed. 

We  estimated  daily  nest  survival  rates  follow¬ 
ing  Mayfield  (1961)  for  a  24-day  incubation 
period  (Burger  et  al.  1995).  We  did  not  include 
two  nests  in  survival  calculations  that  were 
abandoned  due  to  observer  disturbance.  We 
documented  six  other  reproductive  parameters. 
We  calculated:  (1)  mean  clutch  size  of  all  nests, 
(2)  mean  hatching  success  of  eggs  in  successful 
nests,  (3)  re-nesting  probability  (percent  of 
females  that  initiate  a  second  clutch  after  a  first 
nest  was  destroyed),  (4)  double-clutch  attempts 
(initiation  of  incubation  of  a  second  nest  after 
successfully  hatching  a  first  nest),  and  (5)  female 
and  (6)  male  nesting  rates  (the  proportion  of 
females  or  males  that  entered  the  breeding  season 
that  initiated  incubation  of  >1  nest;  Burger  et  al. 
1995).  We  could  not  estimate  female  or  male 
nesting  rates  directly  because  our  sample  included 
only  14  of  34  females  and  8  of  46  males  with 
known  fates  for  the  entire  breeding  season.  Thus, 
we  estimated  nesting  rates  (separately  for  females 
and  males)  using  a  modified  version  of  Trent  and 
Rongstad’s  (1974)  survival  estimate  where: 


p  =  probability  an  individual  male  or  female 
will  incubate  >1  nest, 

x  =  total  male  or  female  radio-days  ob¬ 
served  in  the  breeding  season, 
y  =  total  females  or  males  observed  to 
incubate  in  the  breeding  season,  and 
n  =  number  of  days  in  the  breeding  season 
(153;  1  May-30  Sep). 


We  measured  eight  microhabitat  characteristics 
within  1  week  of  nest  termination  at  both  failed 
and  successful  nest  sites  (Taylor  et  al.  1999a).  We 
measured  ground  cover  (relative  percentages  of 
bare  ground,  litter,  warm  season  grasses,  cool 
season  grasses,  forbs,  and  woody  vegetation  <2  m 
in  height;  components  summed  to  100%)  and 
maximum  vegetation  height  (excluding  woody 
plants  >2  m)  within  a  50  X  50  cm  sampling 
frame  (modified  from  Daubenmire  1959)  centered 
on  the  nest  bowl.  We  measured  ground  cover  and 
vegetation  height  in  each  cardinal  direction  3.5  m 
from  the  nest  bowl.  We  averaged  the  five  ground 
cover  and  vegetation  height  estimates  for  each  nest 
to  define  one  nest  site  value  for  each  variable,  and 
we  placed  a  visual  obstruction  pole  (Robel  et  al. 
1970)  in  nest  bowls  and  measured  the  visual 
obstruction  of  vegetation  in  each  cardinal  direction. 
The  pole  was  divided  into  10-cm  strata,  and  we 
recorded  the  lowest  stratum  that  was  &50% 
visible.  Visual  obstruction  readings  were  taken 
from  vantage  points  3.5  m  from  the  pole  (Taylor  et 
al.  1999a),  and' the  mean  of  the  four  measurements 
defined  a  single  visual  obstruction  estimate  for 
each  nest.  We  also  sampled  vegetation  at  one 
paired  random  point  within  the  habitat  patch  where 
the  nest  was  located,  and  all  points  were  a 
randomly  selected  distance  (10-100  m,  using  a 
random  number  table)  from  the  nest  along  a 
randomly  directed  azimuth.  We  sampled  random 
points  (using  a  turn  of  a  pencil  on  a  clipboard  to 
select  random  azimuth  and  a  random  numbers  table 
to  select  distance)  similarly  to  nests,  except  that 
ground  cover  and  vegetation  height  readings  were 
taken  only  in  each  cardinal  direction  3.5  m  from 
the  random  point;  ground  cover  and  visual 
obstruction  at  each  random  point  were  defined  by 
four  measurements. 

We  compared  nest  site  microhabitat  character¬ 
istics  with  paired  random  sites  using  a  paired  t- 
test.  We  used  a  t-test  between  successful  and 
failed  nests  to  identify  microhabitat  variables 
important  to  nest  fate.  Low  sample  size  may  have 
increased  the  probability  of  a  Type  II  error  and  we 
conservatively  used  a  =  0.10,  SAS  9.1  (PROC 
TTEST,  SAS  Institute  Inc.,  Cary,  NC,  USA)  for 
statistical  analyses. 

We  monitored  brood  movement,  if  a  Northern 
Bobwhite  nest  was  successful,  by  locating  radio- 
marked  adults  attending  broods  1-2  times  daily 
with  >4  hrs  between  location  times,  until  chicks 
were  21  days  of  age  (Taylor  et  al.  1999a). 
Following  Taylor  et  al.  (1999a),  we  made  the 
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TABLE  1.  Mean  (±  SE)  percentages  of  ground  cover  (bare  ground,  litter,  warm  season  grass,  cool  season  grass,  forbs, 
and  woody  vegetation)  at  Northern  Bobwhite  nest  sites  (n  =  23)  and  paired  random  sites  (n  =  23)  in  New  Jersey,  2006- 
2007.  Results  of  paired  t  tests  for  each  variable  (f  values,  degrees  of  freedom,  and  probabilities)  are  reported. 


Variable 

Nest 

Random 

t 

df 

P 

Bare 

11.0  ±  2.1 

10.3  ±  2.5 

0.25 

22 

0.804 

Litter 

36.0  ±  4.3 

28.4  ±  4.3 

1.99 

22 

0.059 

Warm 

10.4  ±  3.2 

10.2  ±  4.5 

0.05 

22 

0.961 

Cool 

7.0  ±  2.7 

13.0  ±  4.3 

-1.37 

22 

0.184 

Forb 

27.2  ±  4.8 

29.5  ±  5.7 

-0.53 

22 

0.602 

Woody 

8.4  ±  3.9 

8.8  ±  4.5 

-0.27 

22 

0.787 

Robel 

49.2  ±  4.8 

32.7  ±  4.8 

2.58 

22 

0.017 

Height 

81.9  ±  5.1 

80.2  ±  6.5 

0.30 

22 

0.769 

assumption  that  >4  hrs  between  locations  would 
achieve  independence.  Radio-marked  adults  with 
broods  were  located  from  25  to  35  m  for  diurnal 
estimates,  and  roosting  broods  from  10  to  15  m 
(Taylor  et  al.  1999a).  Field  observations  of  brood 
rearing  adults’  behavior  and  presence  of  chick 
feces  at  roost  locations  were  used  to  verify 
continued  association  between  chicks  and  adults. 
We  were  unable  to  positively  identify  brood 
amalgamation  or  distinguish  between  brood 
abandonment  and  complete  brood  loss. 

We  placed  flagging  at  each  tracking  site  for  every 
brood  location,  noting  distance  and  direction  to  the 
brood.  We  measured  the  eight  microhabitat  vari¬ 
ables  within  2  weeks  of  the  location  estimate  for 
each  brood  location  using  techniques  described  for 
random  nest  point  sampling  (4  ground  cover, 
vegetation  height,  and  visual  obstmction  estimates 
per  brood  location).  We  sampled  vegetation  at  one 
paired  random  point  for  each  brood  location  (10— 
100  m  from  brood  location  and  within  the  same 
habitat  patch).  We  compared  brood  location 
microhabitat  characteristics  with  paired  random 
sites  using  a  paired  t-test  for  each  characteristic, 
pooled  across  broods.  We  used  a  =  0.10  for 
analysis  conducted  in  SAS  9.1. 

RESULTS 

We  banded  and  radiomarked  131  Northern 
Bobwhites  between  January  2006  and  September 
2007.  Eighty  radio-marked  Northern  Bobwhites 
provided  telemetry  data  for  the  combined  breed¬ 
ing  seasons  (1  May-30  Sep)  of  2006  (23  SY  M,  6 
ASY  M,  20  SY  F,  4  ASY  F)  and  2007  (12  SY  M, 
5  ASY  M,  5  SY  F,  5  ASY  F).  We  located  23 
Northern  Bobwhite  nests  (16  in  2006,  7  in  2007) 
and  collected  microhabitat  vegetation  measure¬ 
ments  for  each  nest.  Nests  were  in  Oldfields  and 
grasslands  (19  nests,  '  82.6%),  managed  pine 


savannah  (2  nests,  8.7%),  woody  edge  habitat  (1 
nest;  4.3%),  and  conifer  tree  nursery  (1  nest; 
4.3%).  Ten  nests  hatched  over  both  years,  10  were 
depredated,  one  was  abandoned  (incubating  adult 
was  killed  away  from  the  nest  site),  and  two  nests 
were  abandoned  due  to  observer  disturbance. 
Interval  survival  (±  SE)  for  the  24-day  incubation 
period  was  0.454  ±  0.010  (95%  Cl  =  0.280- 
0.727). 

Mean  ±  SE  clutch  size  was  14.2  ±  0.58  (range 
10-19,  n  =  20),  and  clutch  size  could  not  be 
documented  for  three  nests  depredated  before 
initial  nest  verification.  Hatching  success  in 
successful  nests  was  96.1  ±  2.0%  (range  86- 
100%,  n  =  10).  Nine  females  had  a  failed  first 
nest  attempt,  and  four  (44.4%)  renested  (2  in 
2006,  2  in  2007).  No  females  were  observed  to 
initiate  a  second  nest  after  a  successful  first  nest  (0 
of  5;  0.0%).  The  estimated  probability  that  a 
female  that  entered  the  breeding  season  initiated 
incubation  of  >1  nest  was  0.687  (15  females 
incubated  in  1,985  radio-days).  The  estimated 
probability  that  a  male  that  entered  the  breeding 
season  initiated  incubation  of  >1  nest  was  0.202 
(4  males  incubated  in  2,715  radio-days). 

Percent  litter  was  7.6%  greater  at  nest  sites  than 
random  locations  (t2 2  =  1-99,  P  —  0.059) 
(Table  1).  Visual  obstruction  (cm)  was  1.5  times 
greater  at  nest  sites  than  at  random  locations  ( t22 
=  2.58,  P  =  0.017)  (Tabled).  None  of  the  six 
other  microhabitat  characteristics  differed  be¬ 
tween  nest  sites  and  random  locations  ( t22  £ 
1.37,  P  >  0.184)  (Table  1).  We  did  not  detect  a 
difference  between  failed  and  successful  nests  for 
any  of  the  eight  microhabitat  variables  (t19  < 
0.96,  P  >  0.347)  (Table  2). 

We  monitored  10  broods  in  the  2006  and  2007 
breeding  seasons.  Three  were  tended  by  radio- 
marked  males  (2  in  2006,  1  in  2007),  four  by 
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TABLE  2.  Mean  (±  SE)  percentages  of  ground  cover  variables  (bare  ground,  litter,  warm  season  grass,  cool  season 
grass,  forbs,  and  woody  vegetation)  and  visual  obstruction  and  vegetation  height  at  successful  Northern  Bobwhite  nests  ( n 
=  10)  and  failed  nests  (n  =  11)  in  New  Jersey,  2006-2007.  Results  of  two-sample  t  tests  for  each  variable  ( t  values,  degrees 
of  freedom,  and  probabilities)  are  reported. 

Variable 

Successful 

Failed 

/ 

df 

P 

Bare 

11.1  ±  3.7 

9.6  ±  2.5 

0.33 

19 

0.743 

Litter 

39  ±  4.7 

37.6  ±  7.6 

0.15 

19 

0.882 

Warm 

7.4  ±  3.9 

7.5  ±  3 

-0.03 

19 

0.976 

Cool 

5.2  ±  3.9 

10  ±  4.6 

-0.82 

19 

0.425 

Forb 

32.4  ±  7.4 

25.5  ±  7.2 

0.67 

19 

0.509 

Woody 

5.1  ±  4.5 

9.9  ±  6.8 

-0.58 

19 

0.569 

Robel 

43.9  ±  5.9 

54.1  ±  8.5 

-0.96 

19 

0.347 

Height 

80.2  ±  7.8 

82.3  ±  8.3 

-0.18 

19 

0.859 

radio-marked  females  (3  in  2006,  1  in  2007),  and 
three  by  radio-marked  pairs  (2  in  2006,  1  in  2007). 
We  collected  139  locations  for  the  10  broods  (86 
in  2006  and  53  in  2007;  mean  ±  SE  =  13.9  ±  2.1 
locations/brood)  with  corresponding  microhabitat 
measurements  for  each  location.  Four  broods 
maintained  association  with  a  radio-marked  adult 
into  fall.  Association  with  a  radio-marked  adult 
was  terminated  for  the  remaining  six  broods  due 
to  death  of  the  brood-tending  adult  (3  broods)  and 
unknown  causes  (either  brood  abandonment  or 
complete  brood  loss;  3  broods). 

Litter  was  5.1%  lower  and  cool  season  grass 
was  3.8%  lower  at  brood  sites  compared  to 
random  locations  (f13s  —  2.44,  P  <  0.016) 
(Table  3).  Broods  used  locations  with  8.3%  more 
forb  cover  than  at  random  locations  (ti38  =  3.58, 
P  =  0.001)  (Table  3).  Visual  obstruction  (cm) 
was  1.8  times  greater  and  vegetation  height  (cm) 
was  1.2  times  taller  at  brood  sites  than  at  random 
locations  (f13g  >  4.04,  P  <  0.001)  (Table  3). 
None  of  the  three  other  microhabitat  characteris¬ 
tics  differed  between  brood  sites  and  random 
locations  (t13g  <  1.10,  P  >  0.275)  (Table  3). 


DISCUSSION 

Fecundity  metrics  for  Northern  Bobwhites  in 
southern  New  Jersey  were  similar  to  those  reported 
elsewhere  in  the  species’  range.  Burger  et  al.  (1995) 
reported  an  incubation  period  nest  survival  of  0.437 
±  0.039  in  Missouri,  similar  to  our  estimate  (0.454 
±  0.010).  Other  Northern  Bobwhite  nesting  studies 
have  reported  apparent  nest  success  (e.g.,  DeVos 
and  Mueller  1993,  Suchy  and  Munkel  1993a, 
Taylor  et  al.  1999b,  Cox  et  al.  2005).  Apparent 
nest  success  overestimates  nest  survival  (Mayfield 
1961,  Johnson  1979),  but  apparent  nest  success  is 
less  biased  in  Northern  Bobwhite  studies  because 
most  nests  are  found  at  a  similar  stage  of  incubation 
(Cox  et  al.  2005).  Apparent  nest  success  (47.6%,  10 
of  21  nests  successful)  was  within  the  range  of 
published  estimates  (rangewide  average  =  0.42, 
range  0.25-0.63;  Sandercock  et  al.  2008)  and  was 
similar  to  reported  median  values  from  Texas 
(49%;  Hernandez  et  al.  2007),  Oklahoma  (48%; 
Cox  et  al.  2005),  and  Florida  (45%;  DeVos  and 
Mueller  1993). 

Our  clutch  size  (14.2  ±  0.58  eggs)  and  hatching 
success  (96.1  ±  2.0%)  estimates  were  slightly 


TABLE  3.  Mean  (±  SE)  percentages  of  ground  cover  (bare  ground,  litter,  warm  season  grass,  cool  season  grass,  forbs, 
and  woody  vegetation)  at  Northern  Bobwhite  brood  sites  ( n  =  139)  and  paired  random  sites  (n  =  139)  in  New  Jersey, 
2006-2007.  Results  of  paired  t  tests  for  each  variable  (I  values,  degrees  of  freedom,  and  probabilities)  are  reported. 


Variable 

Brood 

Random 

t 

df 

P 

Bare 

10.3  ±  0.9 

10.2  ±  0.9 

0.03 

138 

0.893 

Litter 

31.3  ±  2.0 

36.4  ±  2.2 

-2.44 

138 

0.016 

Warm 

5.3  ±  1.1 

4.3  ±  1.0 

1.10 

138 

0.275 

Cool 

8.4  ±  1.7 

12.2  ±  1.9 

-3.12 

138 

0.002 

Forb 

40.9  ±  2.1 

32.6  ±  2.1 

3.58 

138 

0.001 

Woody 

3.9  ±  1.1 

4.2  ±  1.0 

-0.25 

138 

0.804 

Robel 

38.4  ±  2.4 

21.2  ±  1.6 

8.23 

138 

<0.001 

Height 

77.9  ±  2.7 

65.6  ±  2.5 

4.04 

.  138 

<0.001 
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greater  than  those  in  other  studies  (range  11.5- 
14.0  eggs  and  85-95%,  respectively;  Sandercock 
et  al.  2008).  Our  estimate  of  re-nesting  rate  (44.4%) 
was  also  within  range  of  reported  estimates  (25- 
69%;  Sandercock  et  al.  2008).  Researchers  have 
reported  a  double-clutch  rate  (percent  females  with 
a  successful  first  clutch  that  initiated  incubation  of 
a  second  clutch)  in  bobwhites  ranging  from  12% 
(Burger  et  al.  1995)  to  >60%  (Terhune  et  al.  2006). 
We  observed  no  instances  of  double  clutching,  but 
our  probability  of  detection  of  these  events  was  low 
due  to  a  small  sample  size  of  radio-marked  females 
and  incomplete  breeding  season  data  for  individ¬ 
uals.  The  probabilities  a  female  (0.687)  or  male 
(0.202)  would  initiate  >1  nest  in  the  breeding 
season  in  our  study  were  similar  to  Burger  et  al.’s 
(1995)  estimates  of  female  (0.661)  and  male 
(0.291)  nesting  rates,  which  were  limited  to 
known-fate  individuals  radiomarked  prior  to  the 
start  of  the  breeding  season.  Our  estimate  of  nesting 
rate  assumes  a  constant  nesting  probability,  but  is  a 
less  biased  estimate  for  our  limited  sample  size 
because  it  incorporates  data  from  all  radio-marked 
bobwhites. 

Northern  Bobwhites  selected  nest  sites  with 
greater  visual  obstruction  and  percentage  of  litter 
than  available  in  the  habitat  patch.  Relative  use  of 
litter  at  Northern  Bobwhite  nests  in  Kansas  was 
ranked  highest  by  compositional  analysis,  al¬ 
though  litter  was  statistically  tied  with  grass 
(Taylor  et  al.  1999a).  These  authors  also  reported 
that  visual  obstruction  and  vegetation  height  were 
significantly  greater  at  nest  sites  than  paired 
random  sites.  Northern  Bobwhites  in  Oklahoma 
prairie  habitat  selected  nest  sites  with  a  greater 
percentage  of  grass  and  woody  vegetation,  and  a 
lower  percentage  of  bare  ground  (Townsend  et  al. 
2001).  Lusk  et  al.  (2006),  using  neural  network 
modeling,  reported  nest  site  selection  in  Texas 
was  positively  related  to  vegetation  height  and 
percent  shrub  cover,  and  negatively  related  to 
percent  bare  ground.  The  authors  of  the  Kansas, 
Oklahoma,  and  Texas  studies  attributed  their 
results  to  increased  nest  concealment  (Taylor  et 
al.  1999a,  Townsend  et  al.  2001,  Lusk  et  al. 
2006).  The  identities  of  the  predictor  variables  for 
nest  site  selection  in  New  Jersey  were,  different, 
but  consistent  with  the  concealment  hypothesis. 

Nest  success  was  not  significantly  related  to 
any  of  our  eight  microhabitat  variables  (Table  2). 
Townsend  et  al.  (2001)  and  Lusk  et  al.  (2006)  also 
reported  no  significant  difference  in  microhabitat 
composition  or  structure  between  successful  and 


failed  nests.  However,  features  related  to  nest 
concealment  in  these  studies  (>visual  obstruction, 
Townsend  et  al.  2001;  >vegetation  height  and 
shrub  cover,  Lusk  et  al.  2006),  although  non¬ 
significant,  predicted  success  better  than  other 
variables  considered.  Lack  of  significant  micro¬ 
habitat  differences  between  successful  and  depre¬ 
dated  nests  in  New  Jersey  may  be  due  to  low 
sample  sizes,  or  may  indicate  that  success  is 
related  to  site  characteristics  at  a  larger  scale  or 
local  differences  in  predator  dynamics.  Taylor  et 
al.  (1999a)  found  nests  in  Kansas  in  patches  with 
less  shrub  cover  but  greater  vegetation  height  than 
available  in  the  study  area  had  greater  probability 
of  success.  Stoddard  (1931:427)  hypothesized  that 
bobwhite  nest  success  could  be  reduced  in  areas 
with  fewer  alternate  prey  species. 

Sites  used  by  radio-marked  brood-tending 
adults  in  New  Jersey  had  greater  visual  obstruc¬ 
tion,  vegetation  height,  and  percentage  of  forbs, 
and  a  lower  percentage  of  litter  and  cool  season 
grasses  than  available  (Table  3).  This  preferred 
habitat  produced  a  relatively  open  “understory” 
allowing  easy  movement  of  chicks  while  promot¬ 
ing  concealment  from  aerial  predators.  Greater 
visual  obstruction  and  vegetation  height  is  con¬ 
sistent  with  the  hypothesis  that  broods  use  habitats 
with  better  concealment  and  ease  of  movement, 
significant  because  predation  is  believed  to  be  the 
primary  cause  of  chick  mortality  (Suchy  and 
Munkel  1993b).  Taylor  et  al.  (1999a)  also 
reported  broods  selected  sites  within  patches  with 
greater  visual  obstruction  and  taller  vegetation. 

Broods  may  be  avoiding  cool  season  grass  due 
to  factors  related  to  structure  or  function.  Cook 
(2004)  reported  broods  negatively  selected  inva¬ 
sive  warm  season  grasses  (primarily  Bermuda 
grass,  Cynodon  spp.)  at  both  second  and  third 
order  selection  levels,  and  attributed  negative 
selection  to  lower  maneuverability  and  lower  heat 
dissipation  in  the  invasive  grasses.  Another 
possibility  is  that  negative  selection  of  cool 
season  grass  in  New  Jersey  is  related  to  food 
availability.  Brood  microhabitat  selection  has 
been  linked  directly  to  invertebrate  abundance 
(DeVos  and  Mueller  1993)  and  indirectly  through 
higher  relative  plant  moisture  content  at  feeding 
sites  (Taylor  and  Guthery  1994).  Northern  Bob- 
white  broods  in  New  Jersey  positively  selected 
sites  with  a  greater  percentage  of  forb  ground 
cover.  This  trend  in  forb  selection  may  be  related 
to  greater  availability  of  invertebrates  in  forb 
cover  than  in  grass  cover  (Taylor  et  al.  1999a), 
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and  reinforces  the  importance  of  invertebrate 
biomass  in  conserving  brood-rearing  habitat. 

Reproduction  in  Northern  Bobwhites  has  the 
theoretical  potential  to  maintain  population  viabil¬ 
ity  in  northern  latitudes  or  in  marginal  habitats 
(Suchy  and  Munkel  1993a,  Guthery  et  al.  2000). 
However,  Weldon  and  Haddad  (2005)  suggested 
altered  habitats  may  produce  ecological  traps, 
which  result  in  lower  reproductive  success.  We 
detected  no  relationship  between  nest  success  and 
microhabitat  or  any  other  evidence  to  support  the 
hypothesis  that  nest  site  selection,  at  the  microhab¬ 
itat  scale,  has  become  uncoupled  from  ultimate 
selective  forces.  Misenhelter  and  Rotenberry  (2000) 
also  argued  the  lack  of  relationship  between  nest- 
site  selection  variables  and  nest  success  could  be 
due  to  human  alteration  of  habitat  that  decouples 
nest-site  selection  criteria  from  nest  success.  Thus, 
habitat  variables  used  to  indicate  high  probability  of 
successful  nests,  no  longer  do  so  because  of  human 
activity  or  alteration  of  the  habitat.  Given  the  large 
human  development  in  the  region,  this  possibility 
should  be  considered. 

Our  estimates  of  Northern  Bobwhite  reproduction 
in  New  Jersey  were  similar  to  published  estimates, 
providing  no  evidence  that  rapid  bobwhite  declines 
in  New  Jersey  are  explained  by  comparable 
reductions  in  reproductive  rates.  Further  study  is 
needed  to  examine  how  chick  survival  and  winter 
survival  might  influence  population  trends  in  New 
Jersey.  Similarities  in  bobwhite  reproductive  pa¬ 
rameters  in  New  Jersey  to  other  populations  should 
not  be  interpreted  that  bobwhites  in  New  Jersey  are 
doing  well.  Bobwhites  are  declining  in  most  of  their 
range  (Sauer  et  al.  2008),  and  the  similarity  of  New 
Jersey’s  breeding  season  population  to  others 
implies  only  that  New  Jersey  does  not  represent  a 
special  case  in  bobwhite  biology. 

Our  findings  are  consistent  with  the  observation 
that  bobwhite  ecology  and  demography  are  similar 
throughout  areas  where  bobwhites  persist  (Guthery 
1997).  It  is  evident,  however,  that  quantity  of 
breeding  season  useable  space  for  bobwhites  in 
southern  New  Jersey  has  been  reduced  (NJDEP 
2007).  Northern  Bobwhite  conservation  efforts  in 
southern  New  Jersey  should  focus  on  increasing  the 
quantity  of  available  litter-dominated  nesting  hab¬ 
itat  and  forb-dominated  brood-rearing  habitat. 
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ACOUSTIC  DIFFERENCES  BETWEEN  THE  SCOTERS 
MELANITTA  NIGRA  NIGRA  AND  M.  N.  AMERICANA 

GEORGE  SANGSTER1'2 


ABSTRACT. — Scoter  vocalizations  may  have  a  role  in  pair  formation  and  pair  bonding.  I  compared  the  courtship  calls 
of  male  Black  Scoters  ( Melanitta  nigra  nigra  and  M.  n.  americana)  using  published  and  archived  recordings.  Courtship 
calls  of  the  two  subspecies  differed  diagnosably  in  duration.  In  contrast,  recordings  from  different  localities  within  the 
ranges  of  each  taxon  showed  no  diagnosable  differentiation.  This  finding  represents  the  first  indication  these  taxa  differ  in 
characters  other  than  bill  morphology  and  supports  recent  proposals  to  treat  M.  n.  americana  as  a  distinct  species  (M. 
americana).  Vocal  displays,  in  contrast  to  courtship  displays,  of  anatids  have  not  been  used  for  assessment  of  species  limits 
in  Anatidae.  My  results  indicate  vocalizations  are  a  potentially  useful  additional  character  in  species-level  taxonomy  of 
anatids.  Received  7  September  2004.  Accepted  10  May  2009. 


Courtship  displays  of  anatids  have  attracted 
substantia]  attention  from  behavioral  scientists 
(e.g.,  Heinroth  1911,  Lorenz  1951-1953,  Johns- 
gard  1965),  and  interspecific  variation  has  been 
analysed  and  interpreted  in  an  evolutionary 
context  (Johnsgard  1960,  Johnson  2000).  Vocal 
displays,  in  contrast,  have  received  far  less 
attention  (e.g.,  Abraham  1974)  and  their  possible 
use  in  anatid  taxonomy  has  been  neglected.  Some 
closely  related  species  are  known  to  have  different 
vocalizations  (Livezey  and  Humphrey  1992),  but 
vocalizations  have  not  been  used  to  support 
proposals  to  revise  species  limits. 

The  Black  Scoter  ( Melanitta  nigra)  is  currently 
recognized  as  polytypic  with  two  subspecies:  the 
western  Palearctic  M.  n.  nigra  (hereafter  nigra ) 
and  the  eastern  Palearctic  and  Nearctic  M.  n. 
americana  (hereafter  americana).  These  forms 
were  recognized  as  separate  species  in  the.  19th 
and  early  20th  centuries  (Baird  et  al.  1884,  AOU 
1931,  Kortright  1952)  but  were  considered  a 
single  species  after  introduction  of  the  polytypic 
species  concept  to  ornithology  (Hartert  1915, 
Withe’rby  1924).  This  treatment  subsequently 
gained  broad  acceptance  in  North  America 
(AOU  1957)  and  Eurasia  (Voous  1960,  Vaurie 
1965).  Some  authors  in  recent  years  have  treated 
americana  as  a  full  species  (Stepanyan  1990, 
Livezey  1995,  Sangster  et  al.  1999,  Collinson  et 
al.  2006)  based  on  morphological  differences 
(Johnsgard  1978,  Dean  and  BBRC  1989).  Most 
authors  continue  to  treat  americana  as  a  subspe¬ 
cies  of  M.  nigra  because  (1)  there  has  been  no 
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evidence  of  differentiation  in  other  characters,  and 
(2)  evidence  for  reproductive  isolation  has  been 
lacking. 

The  vocal  repertoire  of  Black  Scoters  appears 
to  be  small  (Cramp  and  Simmons  1977,  Bordage 
and  Savar.d  1995).  The  most  commonly  heard 
vocalization  is  the  courtship  call  given  by  males 
in  courtship  parties  of  several  (5-8)  unpaired 
males  and  1-2  females  (Gunn  1927,  McKinney 
1959,  Bengtson  1966).  It  is  also  given  by  paired 
males  during  courtship  (Humphrey  1957).  Within 
courtship  groups,  male  calls  are  directed  towards 
females,  which  form  the  nucleus  of  groups.  Pair 
formation  in  Black  Scoter  begins  in  winter  flocks 
and  continues  into  late  spring  on  the  breeding 
grounds  (Bengtson  1966,  Cramp  and  Simmons 
1977).  Most  females  are  already  paired  when  they 
arrive  on  the  breeding  grounds,  although  unpaired 
females  can  be  seen  as  late  as  mid-June  (Bengtson 
1966).  Because  of  its  likely  importance  in  pair 
formation,  the  courtship  call  was  selected  for 
taxonomic  comparison.  Although  several  descrip¬ 
tions  and  spectrograms  of  the  courtship  call  have 
been  published  (e.g.,  Phillips  1926,  Gunn  1927, 
Humphrey  1957,  McKinney  1959,  Cramp  and 
Simmons  1977,  Bergmann  and  Helb  1982, 
Bordage  and  Savard  1995),  there  have  been  no 
comparisons  of  the  calls  of  nigra  and  americana. 
My  objective  is  to  compare  the  vocalizations  of 
two  allopatric  duck  taxa  of  uncertain  taxonomic 
rank. 

METHODS 

Recordings  (Table  1)  of  the  courtship  call  of 
nigra  (n  =  10)  and  americana  (n  =  18)  were 
obtained  from  sound  libraries,  individual  record¬ 
ists,  and  published  commercial  recordings  (Simms 
1970,  Palmer  and  Boswall  1972,  Ferdinand  et  al. 
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TABLE  1.  Recording  localities  and  recordists  of  scoter  sounds  reviewed. 

Country 

Location  Date  Recordist  Recordings 

Source11 

Melanitta  nigra  nigra 

France 

Cotentin  Peninsula 

Oct  1991 

C.  Chappuis 

T 

Chappuis  (2000) 

Northern  Ireland 

Co.  Fermanagh 

May  1967 

E.  Simms 

1 

Simms  (1970) 

Iceland 

Lake  Myvatn 

May  1991 

P.  A.  D.  Hollom 

1 

BLSA  10632 

Lake  Myvatn 

Jun  1967 

S.  Palmer 

1 

Palmer  and  Boswall 
(1972) 

Lake  Myvatn 

Jun  1967 

P.  Sellar 

1 

BLSA  4735 

Hof3i 

Jun  1983 

A.G.  Knox 

1 

BLSA  70435 

Norway 

Norwick 

May  1980 

R.  Goodwin 

1 

BLSA  12510 

Trondelag 

Jun  2004 

M.  Schubert 

1 

Bergmann  et  al.  (2008) 

Sweden 

Locality  unknown 

Jun  1961 

L.  Ferdinand 

1 

Ferdinand  et  al.  (1991) 

Russia  (western) 

South  Yamal  Peninsula, 
Yadakhodayakha  R. 

1976 

V.  K.  Ryabitsev 

1 

VPAV  203143 

Melanitta  nigra  americana 

Canada  (British  Columbia) 

Comox,  Vancouver  Island 

Jan  1999 

J.  Neville 

1 

Neville  (1999) 

Japan 

Aomori  Prefecture 

Mar  1995 

H.  Ueda 

1 

Ueda  (1998)  and 
unpublished 

Hokkaido 

Dec  1974 

T.  Kabaya 

1 

Kabaya  and  Matsuda 
(2001) 

Hokkaido 

Feb  2002 

M.  Matsuda 

1 

Unpublished 

Hokkaido 

Mar  1993 

H.  Ueda 

1 

Unpublished 

Hokkaido 

Mar  2000 

H.  Ueda 

1 

Unpublished 

Russia  (eastern) 

Magadan  Region, 

Chukcha  River 

Jun  1996 

E.  A.  Krechmar 

2 

VPAV  SP01_04; 
SP01_05 

Chukotka,  Krasnoye  Lake 

Jun  2006 

V.Yu.  Arkhipov 

1 

XC  30210 

USA  (Alaska) 

Nome 

Jun  1998 

K.  Colver 

1 

Unpublished 

Kodiak  Island 

Mar  1998 

K.  Colver 

6 

Colver  (1999)  and 
unpublished 

USA  (New  Jersey) 

Cape  May  Pointe 

Feb  2004 

D.  Jones 

1 

XC  1138 

Barnegat  Light 

Feb  2006 

G.  Vyn 

1 

MLNS  130900 

3  BLSA  =  British  Library  Sound  Archive  (London);  MLNS  =  Macaulay  Library  of  Natural  Sounds  (Ithaca);  VPAV 

=  Veprintsev  Phonoteca  of  Animal  Voices 

(Moscow);  XC  =  www.Xeno-Canto.org. 


1991,  Ueda  1998,  Colver  1999,  Neville  1999, 
Chappuis  2000,  Kabaya  and  Matsuda  2001, 
Bergmann  et  al.  2008).  Analog  recordings  were 
downloaded  onto  a  computer  using  a  Sound 
Blaster  Audigy  2  sound  card  and  transformed 
into  wave  files  with  CoolEdit  2000  (Johnston 
2000).  Digital  audio  recordings  were  transformed 
into  wave  files  using  Cdex  (Faber  2003).  All  files 
were 'stored  on  hard  disk  as  mono  wave  files  at 
8  kHz  with  16-bit  precision. 

Spectrograms  of  recordings  were  examined,  and 
measured  using  CoolEdit  2000.  Syrinx  (Burt 
2006)  was  used  to  make  the  spectrograms  used 
into  illustrations.  One  temporal  character  (call 
duration)  and  one  frequency  character  (frequency 
at  midpoint  of  the  call  duration)  were  examined. 
Most  recordings  were  of  calls  given  in  flocks 
comprising  several  males,  and  it  was  not  possible 
to  separate  individual,  birds.  Thus,  to  obtain  a 


sufficient  sample  of  intrapopulation  variability,  25 
calls  were  measured  for  each  recording  where 
possible.  Character  states,  following  Isler  et  al. 
(1998),  were  considered  to  differ  diagnosably  if 
two  criteria  were  met:  ranges  of  measurements  did 
not  overlap,  and  the  means  (%)  and  standard 
deviations  (SD)  of  the  populations  with  the 
smaller  (a)  and  larger  metrics  (b)  met  the 
following  requirement: 

Xa  T  ta  SDa  <Yb  t\y  SDfo, 

where  r,  is  the  value  of  Student’s  t  at  the  97.5 
percentile  for  n  —  1  degrees  of  freedom. 
Assumptions  of  normal  distribution  and/or  homo¬ 
geneity  of  variances  were  violated,  and  the  Mann- 
Whitney  U- test  with  a  sequential  Bonferroni 
correction  (Rice  1989)  was  used  to  examine 
whether  call  duration  and  midpoint  frequency 
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differed  among  groups.  SPSS  (SPSS  Institute 
2008)  was  used  to  calculate  descriptive  statistics 
and  perform  statistical  tests.  All  statistical  tests 
used  a  =  0.05. 

RESULTS 

The  courtship  calls  of  nigra  and  americana  are 
clearly  different  to  the  human  ear  and  from 
examination  of  spectrograms  (Fig.  1).  The  call  of 
nigra  is  a  single  repeated  note  (Fig.  1A-C)  that  on 
average  lasts  slightly  over  0.1  sec.  It  starts  at  a 
frequency  of  —1,400-1,520  Hz  and  decreases  in 
pitch  to  —1,350-1,460  Hz  near  the  end  of  the  call. 
It  is  best  transcribed  as  a  short,  abrupt-ending  pju 
or  pjut.  The  call  of  americana  also  comprises  a 
single  note  (Fig.  1D-F)  but  is  much  longer, 
averaging  almost  0.7  sec  in  duration.  Most  start 
at  a  frequency  of  1,480-1,770  Hz,  rise  slightly  in 
pitch  to  —1,510-1,850  Hz  and  then  taper  off  to  a 
frequency  of  1,500-1,670  Hz  (some  show  a  clear 
rise  in  frequency  toward  the  end;  Fig.  IF).  They 
can  be  transcribed  as  a  mournful  whuuuuw,  huuuw 
or  huuwuw. 

Spectrogram  analysis  revealed  the  calls  of  the 
two  taxa  differ  in  duration,  frequency,  structure, 
and  variability.  The  duration  of  courtship  calls 
differed  diagnosably,  i.e.,  character  distributions 
did  not  overlap  (Table  2)  and  the  distributions  met 
the  statistical  test  described  by  Isler  et  al,  (1998). 
Within-taxon  differences  were  not  diagnosable. 
The  parameters  for  nigra  from  France,  Northern 
Ireland,  Iceland,  Norway,  Sweden,  and  western 
Russia  overlapped  widely,  as  did  those  of 
americana  from  Japan,  eastern  Russia,  Alaska, 
British  Columbia,  and  New  Jersey  (Table  2), 
although  in  americana  most  samples  differed 
significantly  (Table  3). 

The  midpoint  frequency  of  americana  was 
significantly  higher  than  that  of  nigra  (1,701  Hz 
in  americana  vs.  1,507  Hz  in  nigra',  Mann- 
Whitney  (/-test;  P  <  0.001).  The  difference, 
however,  was  not  diagnosable  due  to  the  wide 
overlap  of  measurements  (Table  2).  Within-taxon 
differences  were  not  diagnosable,  although  some 
samples  of  nigra  differed  significantly  (Table  3). 

The  structure  of  the  calls  of  nigra  and 
americana  differs  as  follows:  the  calls  of  nigra 
appear  in  spectrograms  as  a  horizontal  or  slightly 
downward  element  ending  in  a  sharp  downward 
twist.  The  calls  of  americana  are  more  protracted 
and  often  involve  a  rise  in  pitch  (either  at  the  start 
of  the  call,  in  the  middle  of  the  note,  or  towards 
the  end)  which  is  not  observed  in  nigra. 


The  calls  of  nigra  and  americana  also  differ  in 
variability.  The  call  of  nigra  is  stereotypical  in 
shape,  with  little  individual  variation.  The  calls  of 
americana  are  more  variable  in  shape  (Fig.  1D- 
F).  Variation  in  call  duration,  expressed  as  the  CV 
(standard  deviation  divided  by  the  sample  mean), 
was  higher  in  americana  (0.242)  than  in  nigra 
(0.113).  The  difference  in  the  CV  of  nigra  and 
americana  is  not  diagnosable,  however,  due  to  the 
relatively  variable  sample  from  Norway  that 
stems  from  a  single  outlying  point.  Variation  in 
midpoint  frequency  was  similar  in  both  taxa 
(0.056  in  americana  vs.  0.059  in  nigra-,  Mann- 
Whitney  U- test;  P  >  0.05). 

DISCUSSION 

The  character  states  should  be  homologous 
across  taxa  and  differences  among  taxa  should  be 
diagnosable  for  a  character  to  be  useful  in  species- 
level  taxonomy.  I  consider  the  vocalizations  used 
in  this  study  as  homologous  because:  (1)  they  are 
consistent  with  published  descriptions  of  court¬ 
ship  calls  of  nigra  (Gunn  1927,  Bengtson  1966) 
and  americana  (Phillips  1926,  Humphrey  1957, 
McKinney  1959),  and  (2)  detailed  field  studies 
indicate  these  calls  are  given  in  the  same 
behavioral  context  (nigra:  Gunn  1927,  Bengtson 
1966;  americana :  Phillips  1926,  Humphrey  1957, 
McKinney  1959). 

The  courtship  calls  of  nigra  and  americana  are 
diagnosably  different  in  duration,  but  do  not  differ 
diagnosably  among  populations  within  either 
taxon.  They  further  differ  non-diagnosably  in 
midpoint  frequency.  The  structure  (shape)  of  the 
calls  is  visually  different  (Fig.  1),  although  this 
difference  could  not  be  quantified.  My  study 
demonstrates  the  existence  of  acoustic  differences 
between  nigra  and  americana  and  is  the  first  to 
show  these  taxa  differ  in  characters  other  than  bill 
morphology.  The  geographic  pattern  of  variation 
in  vocalizations  matches  the  geographic  distribu¬ 
tion  of  nigra  and  americana  based  on  morpho¬ 
logical  variation.  The  congruence  of  acoustic  and 
morphological  variation  suggests  that  nigra  and 
americana  have  had  a  prolonged  period  of 
separate  evolutionary  history. 

The  diagnostic  difference  in  courtship  calls  is 
relevant  to  the  taxonomic  status  of  americana. 
Populations,  according  to  the  Phylogenetic  Spe¬ 
cies  Concept  (PSC)  (Cracraft  1983,  1997),  are 
treated  as  species  if  they  are  diagnosable  by  a 
unique  character  state  or  a  unique  combination  of 
character  states.  The  diagnostic  differences  in 
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FIG.  1.  Spectrograms  of  courtship  calls  of  Melanitta  nigra  nigra  (A-C)  and  M.  n.  americana  (D-F). 
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TABLE  2.  Duration  and  midpoint  frequency  of  Melanitta  nigra  nigra  and  M.  n.  americana  calls  from  11  localities. 


Call  duration  Midpoint  frequency 


Location 

n 

Mean  ±  SD  (msec) 

cv 

Range  (msec) 

Mean  ±  SD  (msec) 

CV 

Range  (msec) 

Melanitta  nigra  nigra 

France 

19 

109  ±  12 

0.110 

83-126 

1496  ±  90 

0.060 

1361-1621 

Northern  Ireland 

25 

107  ±  8 

0.075 

91-120 

1544  ±  47 

0.030 

1464-1629 

Iceland 

81 

106  ±  10 

0.094 

75-122 

1510  ±  116 

0.077 

1331-1764 

Norway 

34 

102  ±  19 

0.186 

75-180 

1494  ±  54 

0.036 

1411-1644 

Sweden 

25 

112  ±  7 

0.063 

93-131 

1450  ±  40 

0.028 

1363-1510 

Western  Russia 

18 

104  ±  4 

0.038 

99-115 

1563  ±  22 

0.014 

1528-1590 

All  samples 

202 

106  ±  12 

0.113 

75-180 

1507  ±  89 

0.059 

1331-1764 

Melanitta  nigra  americana 

Japan 

77 

840  ±  151 

0.180 

440-1089 

1705  ±111 

0.065 

1341-1879 

Eastern  Russia 

46 

674  ±  142 

0.211 

406-910 

1687  ±  107 

0.063 

1526-1878 

Alaska 

119 

618  ±  124 

0.201 

341-994 

1710  ±  86 

0.050 

1529-1953 

British  Columbia 

19 

569  ±  105 

0.185 

309-741 

1701  ±  56 

0.033 

1613-1816 

New  Jersey 

29 

732  ±  169 

0.231 

470-946 

1673  ±  89 

0.053 

1518-1820 

All  samples 

290 

694  ±  168 

0.242 

309-1089 

1701  ±  96 

0.056 

1341-1953 

structure  and  color  pattern  of  the  bill  justify  the 
treatment  of  americana  as  a  species  under  the 
PSC.  Most  authors  who  have  treated  americana  as 
a  full  species  either  implicitly  (Stepanyan  1990) 
or  explicitly  (Livezey  1995,  Sangster  et  al.  1999) 
applied  the  diagnosability  criterion  of  the  PSC. 


The  results  of  this  study  support  the  treatment  of 
americana  as  a  species  under  the  PSC  by 
documenting  a  diagnostic  difference  in  a  second 
character. 

Assessment  of  the  taxonomic  status  of  ameri¬ 
cana  under  the  Biological  Species  Concept  (BSC) 


TABLE  3.  Differences  in  call  duration  (above  diagonal)  and  midpoint  frequency  (below  diagonal)  among  samples  of 
Melanitta  nigra  nigra  and  M.  n.  americana.  Combinations  of  samples'marked  X  are  diagnosably  different0.  Pairs  marked  S 
are  significantly  different6  (Mann-Whitney  (/-test,  with  Bonferroni-correction)  but  not  diagnosably  different. 


New  Jersey 
( americana ) 

Alaska 
( americana ) 

Eastern 
Russia 
( americana ) 

Japan 

( americana ) 

British 
Columbia 
( americana ) 

Western 

Russia 

(nigra) 

Sweden 

(nigra) 

Norway 

(nigra) 

Iceland 

(nigra) 

Northern 

Ireland 

(nigra) 

France 

(nigra) 

France  {nigra) 

X 

X 

X 

X 

X 

nsc 

ns 

ns 

ns 

ns 

— 

Northern  Ireland 

(nigra) 

X 

X 

X 

X 

X 

ns 

ns 

ns 

ns 

— 

ns 

Iceland  {nigra) 

X 

X 

X 

X 

X 

ns 

ns 

ns 

— 

ns 

ns 

Norway  (nigra) 

X 

X 

X 

X 

X 

ns 

ns 

— 

ns 

ns 

ns 

Sweden  (nigra) 

X 

X 

X 

X 

X 

ns 

— 

ns 

ns 

s 

ns 

Western  Russia 

(nigra) 

X 

X 

X 

X 

X 

— 

s 

s 

ns 

ns 

ns 

British  Columbia 

{americana) 

ns 

ns 

ns 

s 

— 

s 

X 

s 

s 

s 

s 

Japan 

{americana) 
Eastern  Russia 

ns 

s 

s 

— 

ns 

s 

s 

s 

s 

s 

s 

(americana) 

ns 

ns 

— 

ns 

ns 

s 

s 

s 

s 

s 

s 

Alaska 

{americana) 

ns 

— 

ns 

ns 

ns 

s 

X 

s 

s 

s 

s 

New  Jersey 

{americana) 

— 

ns 

ns 

ns 

ns 

s 

s 

s 

s 

s 

s 

3  Criteria  for  diagnosability  given  in  Methods. 

A  value  of  P  <  9,09  X  1 0~4  was  considered  significant  (Bonferroni  correction  for  55  comparisons). 
c  ns  =  not  significant. 
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(Mayr  1940,  1982)  is  more  problematic  because 
the  taxonomic  criterion  of  the  BSC — reproductive 
isolation — cannot  be  directly  applied  to  taxa  that 
do  not  co-exist  during  pair-formation.  Indirect 
evidence  is  sought  in  such  situations  in  the  form 
of  differentiation  in  characters  that  affect  species 
recognition,  pair  formation,  or  mate  choice. 
Courtship  calls  in  the  scoters  are  given  in  parties 
composed  of  one  female  and  several  unpaired 
males  (Gunn  1927,  McKinney  1959,  Bengtson 
1966).  It  is  likely  that  pair  formation  occurs 
within  courtship  parties  and  that  vocalizations 
may  have  a  role  in  mate  choice.  Courtship  calls 
are  also  given  by  the  male  of  an  established  pair 
(Humphrey  1957),  and  the  call  additionally 
appears  to  serve  in  the  maintenance  of  pair  bonds. 
The  precise  role  of  vocalizations  in  pair  formation 
in  Melanitta  is  still  unclear,  but  it  seems  possible 
the  difference  between  nigra  and  americana  in 
courtship  calls  affects  mate  choice  of  female  nigra 
and  americana. 

The  results  of  this  study  suggest  that  anatid 
calls  can  be  useful  in  species-level  taxonomy. 
The  Velvet  Scoter  ( M .  fusca )  complex  would  be 
an  obvious  candidate  for  vocal  analysis.  The 
three  taxa  in  this  complex  are  recognized  on  the 
basis  of  morphological  differences,  but  their 
taxonomic  status  is  controversial  with  up  to  three 
species  being  proposed  (Stepanyan  1990,  Livezey 
1995,  Sangster  et  al.  1999,  Garner  et  al.  2004, 
Collinson  et  al.  2006).  Some  taxa  in  the  M.  fusca 
complex  differ  in  tracheal  anatomy  (Miller  1926), 
which  suggests  there  might  be  vocal  differences 
in  this  taxonomic  group  as  well  (Johnsgard  1961, 
1971). 
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TAXONOMY  OF  THE  LOGGERHEAD  KINGBIRD  ( TYRANNUS 
CAUDIFASCIATUS)  COMPLEX  (AVES:  TYRANNIDAE) 

ORLANDO  H.  GARRIDO,1  JAMES  W.  WILEY,2-4  AND  GEORGE  B.  REYNARD3 


ABSTRACT. — We  examined  the  complex  of  populations  of  the  Loggerhead  Kingbird  (Tyrannus  caudifasciatus),  a  West 
Indian  endemic.  We  separate  populations  in  Puerto  Rico  and  Isla  Vieques  (T.  taylori),  and  Hispaniola  ( T .  gabbii )  as  distinct 
species.  Subspecific  distinction  is  assigned  to  populations  in  Cuba,  Isla  de  Pinos,  and  Cuban  satellites  ( T .  caudifasciatus 
caudifasciatus );  Cayman  Islands  (T.  c.  caymanensis)\  Jamaica  ( T .  c.  jamaicensis)',  and  the  Bahamas  (T.  c.  bahamensis)  on 
the  basis  of  differences  in  plumage  coloration  and  pattern,  size,  vocalizations,  and  distribution.  Received  1  December  2008. 
Accepted  27  June  2009. 


The  Loggerhead  Kingbird  ( Tyrannus  caudifas¬ 
ciatus)  is  endemic  to  the  Bahama  Islands  and 
Greater  Antilles,  although  occasionally  stragglers 
have  been  reported  in  southern  Florida  (Bond 
1978:3,  Robertson  and  Woolfenden  1992,  AOU 
1998:  414).  Tyrannus  caudifasciatus  was  origi¬ 
nally  described  from  Cuba  by  d’Orbigny  in  1839 
in  the  genus  Tyrannus.  Subsequent  authors  used 
the  genus  Pitangus  and,  later,  Tolmarchus  Ridg- 
way  (1905)  with  T.  taylori  of  Puerto  Rico  as  the 
type  species.  The  morphological  differences  that 
separate  Tolmarchus  from  Tyrannus  are  slight. 
Both  groups  are  generally  similar  in  voice  and 
nesting  behavior  and,  according  to  Bond 
(1956:105),  in  not  having  the  outer  primaries 
attenuated  at  their  tips.  Meise  (1949),  Bond 
(1958),  and  later  authors  merged  Tolmarchus  with 
Tyrannus.  Smith  (1966)  presented  characteristics 
of  vocalizations  of  some  species  of  Tyrannus , 
including  the  Loggerhead  Kingbird,  suggesting 
there  were  four  species  groups  within  the  genus. 
Some  workers,  however,  maintain  T.  caudifascia¬ 
tus  in  a  monotypic  subgenus  Tolmarchus  (Bond 
1967).  Lack  (1976:  297),  comparing  T.  caudifas¬ 
ciatus  with  the  other  two  Greater  Antillean 
Tyrannus  species  (Giant  Kingbird  [T.  cubensis] 
and  Grey  Kingbird  [T.  dominicensis]),  noted,  “the 
relationships  of  these  three  species  to  each  other 
and  to  T.  tyrannus  are  not  clear.” 

Cory  (1889,  1892)  considered  the 'then-known 
forms  of  the  Loggerhead  Kingbird  to  be  separable 
at  the  species  level,  recognizing  Pitangus  caudi¬ 
fasciatus  from  Cuba,  Jamaica,  and  Grand  Cay¬ 
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man;  P.  taylori  from  Puerto  Rico,  P.  bahamensis 
from  the  Bahamas,  and  P.  gabbii  from  Hispaniola. 
Sharpe  (1901)  separated  T.  jamaicensis  of  Ja¬ 
maica.  Ridgway  (1907:677-678)  noted  differenc¬ 
es  among  populations  of  Loggerhead  Kingbird 
based  on  several  characteristics,  including  the 
extent  to  which  the  bases  of  the  toes  are  united:  in 
T.  bahamensis  and  T.  caudifasciatus  half  of  basal 
phalanx  of  the  middle  toe  is  united  to  the  outer 
toe,  whereas  in  T.  taylori  more  than  half  of  the 
basal  phalanx  is  united  to  the  outer  toe.  Cory  and 
Hellmayr  (1927)  and  Bond  (1936,  1956)  consid¬ 
ered  Tyrannus  caudifasciatus  to  be  a  polytypic 
species  with  the  subspecies  T.  c.  caymanensis 
(Nicoll  1904)  designated  for  the  Cayman  Islands, 
T.  c.  jamaicensis  (Chapman  1892)  for  Jamaica,  T. 
c.  taylori  (Sclater  1864  in  Taylor  1864)  for  Puerto 
Rico  and  Isla  Vieques,  T.  c.  bahamensis  (Bryant 
1864)  for  some  of  the  northern  Bahama  Islands,  T. 
c.  caudifasciatus  for  Cuba  and  Isla  de  Pinos,  and 
T.  c.  gabbii  (Lawrence  1876)  for  Hispaniola. 
Wetmore  and  Swales  (1931:305),  however,  wrote, 
“We  do  not  agree  with  [Cory  and]  Hellmayr 
(1927)  in  considering  gabbii  a  subspecies  of 
Tolmarchus  caudifasciatus  as  its  characters  seem 
to  entitle  it  to  specific  recognition.”  Parkes 
(1963)  separated  the  Isla  de  Pinos  population 
from  T.  c.  caudifasciatus  under  the  subspecies  T. 
c.flavescens,  an  arrangement  followed  by  Traylor 
(1979).  Dickinson  (2003)  maintained  the  subspe¬ 
cific  level  for  all  populations  of  T.  caudifasciatus, 
including  T.  c.  flavescens  of  Isla  de  Pinos. 

Little  has  been  written  concerning  the  taxono¬ 
my  of  the  Tyrannus  caudifasciatus  complex  with 
the  exception  of  Ridgway  (1907),  Wetmore  and 
Swales  (1931),  and  Parkes  (1963).  We  present  the 
results  of  our  comparison  of  morphology  and 
vocalizations  among  populations  in  an  effort  to 
establish  species  limits  within  the  Loggerhead 
Kingbird. 
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METHODS 

We  measured  711  Loggerhead  Kingbird  spec¬ 
imens  in  1 1  United  States  and  Cuban  institutions. 
Specimens  from  the  Cuban  cays  included  cayos 
Cinco  Leguas,  Frances,  Las  Brujas,  Santa  Maria, 
Coco,  Paredon  Grande,  Guajaba,  and  Sabinal  in 
the  Archipielago  Sabana-Camagiiey.  All  speci¬ 
mens  were  measured  with  a  ruler  and  dial  calipers 
to  the  nearest  0.1  mm  following  Baldwin  et  al. 
(1931).  Only  adult  specimens  ( n  =  674)  were 
used  in  comparing  morphometries  within  and 
among  populations.  Chord  measurements  were 
made  with  the  wing  flattened  against  the  ruler. 
Culmen  measurements  are  of  the  exposed  portion 
(without  cere).  Most  mass  data  were  obtained 
from  post-mortem  birds.  We  include  mass  data  of 
Steadman  et  al.  (1980)  and  Olson  et  al.  (1981)  in 
addition  to  our  mass  data. 

We  present  summary  descriptive  statistics 
(mean,  SD,  and  range)  for  the  specimens. 
Unpaired  t-tests  were  used  to  test  for  equality  of 
weights  among  populations.  We  used  Bonferro- 
ni’s  correction  in  conducting  multiple  tests  of 
means  and  ANOVA  analyses  to  test  differences 
among  island  populations.  Body  measurements 
were  plotted  to  assess  the  pattern  of  spatial 
segregation  among  populations.  The  hypothesis 
of  separation  derived  from  the  plots  of  body 
measurements  was  tested  using  discriminate 
function  analysis  (DFA)  (Kleinbaum  and  Kupper 
1978).  Statistical  computations  were  performed 
using  the  software  package  Minitab.  (2000) 
including  DFA  and  cluster  analyses.  We  used 
the  single  linkage  method  and  squared  Euclidean 
measure  to  conduct  cluster  analyses.  Level  of 
significance  was  set  at  0.05. 

Most  recordings  of  vocalizations  were  obtained 
by  Reynard  and  are  deposited  in  his  private 
collection.  Additional  vocalization  recordings 
were  obtained  from  the  Macaulay  Library  of  the 
Cornell  Laboratory  of'  Ornithology  and  from 
Bruce  Sorrie.  Vocalizations  were  analyzed  using 
Raven  (Version  1.0)  software. 

RESULTS 

Plumage  Characters. — Ridgway  (1907:678) 
split  the  taxa  into  two  groups  based  on:  (Group 
1)  “Inner  webs  of  rectrices  with  basal  third,  or 
more,  abruptly  yellowish  white;  tail  tipped  with 
pale  brownish  gray  or  whitish”  (the  former 
important  character  was  completely  overlooked 
by  subsequent  authors);  and  (Group  2)  “Inner 


webs  of  rectrices  passing  gradually  into  dull 
whitish  at  extreme  base;  tail  not  tipped  with 
brownish  gray  or  whitish.”  Ridgway  further  split 
this  second  group,  using  the  following  characters: 
“Smaller...;  rectrices  edged  conspicuously  with 
rusty”  (=  T.  gabbiif,  and  “Larger...;  rectrices  not 
edged  with  rusty”  (=  T.  taylori).  Another 
important  character,  overlooked  by  Ridgway,  is 
the  shape  of  the  tail,  which  is  obviously  notched  at 
the  end  (although  not  as  much  as  in  the  Grey 
Kingbird,  T.  dominicensis)  in  taylori,  and  less  so 
in  bahamensis,  whereas  the  rest  of  the  taxa  have 
square -tipped  tails. 

We  present  a  comparative  diagnosis  of  the 
plumage  of  the  taxa,  as  well  as  a  synopsis  of  some 
of  these  characters  (Table  1)  based  on  examina¬ 
tion  of  7 1 1  specimens. 

Tyrannus  caudifasciatus  bahamensis  (Baha¬ 
mas). — Head  with  a  browner  tinge  and  not  as 
black  as  in  other  forms,  clearly  contrasting  with 
the  grayish  upperparts,  which  show  a  brownish 
suffusion.  Concealed  crown  patch  generally  a  mix 
of  orange  and  yellow.  Underparts,  including 
axillae,  with  considerable  yellow  (more  than  in 
any  other  population).  No  brown  suffusion  on 
breast.  Edge  of  wing  coverts  grayish.  The  blotches 
of  the  inner  rectrices  yellowish,  and  more 
restricted  than  in  caudifasciatus,  jamaicensis,  or 
caymanensis.  Bahamian  birds  have  a  rusty  rump,  a 
character  not  found  in  other  populations  of 
caudifasciatus.  Tail  slightly  notched,  although 
not  as  much  as  in  taylori,  and  tipped  with  buff, 
not  white  or  gray. 

Tyrannus  c.  caudifasciatus  .(Cuba,  Isla  de  Pinos, 
and  cays). — Head  blackish,  strongly  contrasting 
with  the  brownish-sepia  upperparts.  Concealed 
crown  patch  variable  yellow,  orange,  or  a  mix  of 
both  colors;  individuals  displaying  the  three  color 
types  may  occur  in  the  same  population.  Edge  of 
wing  coverts  whitish.  Tail  rather  squared  at  tip, 
tipped  in  white  or  light  gray,  without  rust  color. 
Inner  rectrices  with  well-developed  whitish-yel¬ 
low  blotches.  No  brownish  tinge  on  breast. 
Populations  in  Cuba,  Isla  de  Pinos,  and  the  cays 
all  share  these  characters. 

Tyrannus  caudifasciatus  caymanensis  (Cayman 
Islands). — Head  sooty-slate,  rather  than  black, 
contrasting  with  the.  brownish-gray  upperparts, 
which  are  more  olivaceous  than  in  T.  c.  caudi¬ 
fasciatus.  Concealed  crown  patch  between  yellow 
and  orange  in  color.  More  suffusion  of  yellow  on 
the  underparts  than  in  other  populations  with  the 
exception  of  bahamensis.  We  noted  that  birds 
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TABLE  1 .  Plumage  characteristics  of  Loggerhead  Kingbirds  ( Tyrannus  caudifasciatus)  in  eight  populations.  Bold  data 
highlight  patterns  of  similarity. 

Population 

Plumage  character 

Bahamas 

Cuba 

Isla  de  Pinos 

Cuban  cays" 

Jamaica 

Cayman  Islands 

Hispaniola 

Puerto  Rico 

Tip  of  tailb 

B 

w 

w 

w 

w 

w 

N 

N 

Shape  of  tail' 

HN 

s 

s 

s 

s 

s 

S 

N 

Crown  patch*1 

M 

Y-O 

Y-O 

Y-O 

Y 

Y-O 

Y 

Y 

Breast  feathers' 

A 

A 

A 

A 

A 

A 

P 

A 

Inner  rectrices1 

P 

P 

P 

P 

P 

P 

A 

A 

Rectrices8 

NR 

NR 

NR 

NR 

NR 

NR 

R 

NR 

Yellow  on  underparts1' 

L 

N 

N 

N 

N 

M 

N 

N 

a  Cuban  cays  include  cayos  Cinco  Leguas,  Frances,  Las  Brujas,  Santa  Maria,  Coco,  Paredon  Grande,  Guajaba,  and  Sabinal  in  the  Archipielago  Sabana- 
Camagiiey. 

b  Tip  of  tail:  W  =  tipped  with  whitish,  B  =  tipped  with  buff,  N  =  not  tipped. 
c  Shape  of  tail  end:  N  =  notched,  HN  =  half  notched,  S  =  square. 
d  Crown  patch:  Y  =  yellow,  O  =  orange,  M  =  mixed  yellow  and  orange. 
e  Breast  feathers:  P  =  brown  tinge  present,  A  =  brown  tinge  absent. 
f  Inner  rectrices:  P  =  blotches  present,  A  =  blotches  absent. 

8  Rectrices:  R  =  rusty,  NR  =  not  rusty. 

h  Yellow  on  underparts:  L  =  large  amount,  M  =  moderate  amount,  N  =  none  or  little. 


from  Cayman  Brae  show  less  suffusion  of  yellow 
on  the  underparts  and  axilla  than  specimens  from 
Grand  Cayman.  No  brownish  tinge  on  breast,  but 
with  a  faint  suffusion  of  grayish.  Edges  of  wing 
coverts  whitish  or  grayish.  Tip  of  tail  whitish  and 
squared.  Blotches  on  the  inner  rectrices  well 
developed  and  more  yellow  than  in  caudifascia¬ 
tus-,  no  rusty  edges  on  rectrices. 

Tyrannus  caudifasciatus  jamaicensis  (Ja¬ 
maica). — Head  blackish,  contrasting  with  the  up- 
perparts,  which  are  brownish-black  with  a  suffusion 
of  gray,  especially  toward  the  rump.  Concealed 
crown  patch  yellow.  Edges  of  wing  coverts  whitish 
or  grayish;  not  as  white  as  in  caudifasciatus.  Almost 
no  yellow  on  the  underparts.  No  brown  tinge  on 
breast.  Tail  tip  square  with  a  broad  white  band. 
Blotches  on  inner  rectrices  as  in  caudifasciatus.  No 
rust  color  on  the  edge  of  rectrices. 

Tyrannus  caudifasciatus  gabbii  (Hispaniola). — 
Head  brownish-black  rather  than  black.  Upperparts 
darker,  brownish-sepia  (even  browner  than  in 
caymanensis),  offering  less  contrast  between  pile- 
um  and  neck.  Concealed  crown  patch  yellow  and 
extensive.  Chest  grayer  than  the  belly  and  undertail 
coverts  with  a  suffusion  of  brown.  Edge  of  wing 
coverts  conspicuously  rufous.  Immatures  of  all 
populations  of  T.  caudifasciatus  show  some 
cinnamon  on  the  wings,  but  this  color  is  an 
ontogenetic  character  that  disappears  with  age  in 
the  other  populations,  whereas  in  gabbii  the 
cinnamon  coloration  persists.  Edges  of  rectrices 
are  also  rufous  or  cinnamon.  Tail  tip  square  and 
lacking  a  light  terminal  tip,  as  in  taylori.  Yellowish 


blotches  of  inner  rectrices  lacking,  as  in  taylori. 
Birds  from  Haiti  are  somewhat  less  whitish  on  the 
underparts  with  the  dark  tinge  of  the  chest  even 
more  conspicuous;  the  upperparts  are  less  brown 
and  the  pileum  is  not  as  dark,  compared  with  birds 
from  the  Dominican  Republic. 

Tyrannus  caudifasciatus  taylori  (Puerto  Rico). 
— Head  blackish,  with  a  tinge  of  brown,  contrast¬ 
ing  less  with  the  brownish  upperparts,  which  also 
show  a  tinge  of  blackish.  Concealed  crown  patch 
yellow,  and  extensive,  as  in  gabbii.  Immatures, 
especially  juveniles,  lack  the  concealed  crown 
patch.  Underparts  grayish,  with  a  brown  suffusion 
on  the  sides  of  the  neck,  but  not  on  the  chest. 
Wing  coverts  are  edged  with  grayish-white,  with  a 
tinge  of  cinnamon.  Upper  tail  coverts  are  edged 
with  rusty.  No  light  band  at  the  tip  of  tail,  which  is 
more  notched  than  in  bahamensis.  Lacks  the 
yellow  blotches  on  inner  rectrices;  edges  of 
rectrices  not  rufous. 

We  summarize  these  characters.  Upperparts: 
the  grayest  birds  are  caudifasciatus  (including 
“ flavescens ”);  followed  by  bahamensis,  which 
has  a  tinge  of  olive;  then  caymanensis  with  a  hue 
of  olive-brown;  whereas  jamaicensis  is  more 
brownish  than  grayish,  but  less  so  than  taylori 
and  gabbii,  which  are  definitely  brownish. 
Compared  with  gabbii,  taylori  is  lighter  brown; 
some  individuals  of  gabbii  show  little  demarca¬ 
tion  or  contrast  between  the  occiput  and  the  back, 
because  the  pileum  is  dark  brown  rather  than 
blackish.  Pileum:  populations  displaying  the  most 
contrast  in  the  pileum  are  caudifasciatus  (includ- 
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TABLE  2.  Mensural  characteristics  (mean  ±  SD,  [n],  range)  for  wing  chord,  tail,  exposed  culmen,  tarsus,  and  mass  for 
674  adult  specimens  of  Loggerhead  Kingbird  ( Tyrannus  caudifasciatus). 


Measurements  (mm) 


Locality 

Wing 

Tail 

Culmen 

Tarsus 

Mass  (g) 

Males 

Bahamas 

110.6  ±  3.7 

[38] 

85.5  ±  3.1  [51] 

23.5  ±  1.4 

[51] 

22.6  ±  1.0 

[52] 

44.4  ±  3.3  [5]“ 

103-119 

80-91.5 

21.2-28.0 

20.8-25.5 

41.3-49.5 

Cuba 

107.0  ±  3.1 

[128] 

86.1  ±  3.9  [116] 

23.7  ±  1.5 

[122] 

23.0  ±  1.5 

[102] 

42.6  ±3.1  [26] 

99-1 16 

76-98 

20-30 

20-28 

35-48 

Isla  de  Pinos 

107.0  ±  2.9 

[25] 

85.9  ±  2.9  [26] 

23.5  ±  1.3 

[25] 

22.7  ±  0.8 

[24] 

102-114 

81-91 

21-26 

21.3-24.2 

Cuban  caysb 

106.1  ±  3.0 

[28] 

87.0  ±  3.6  [13] 

24.7  ±  2.6 

[11] 

25.6  ±  1.9 

[13] 

38.1  ±  2.0  [7] 

98-112 

81-94 

22-30 

22.3-29 

36.5-42 

Jamaica 

102.7  ±  3.4 

[52] 

82.5  ±  2.7  [50] 

24.1  ±  1.3 

[52] 

21.9  ±  1.2 

[50] 

95-108 

77-89 

21-29 

19.9-24.8 

Cayman  Islands 

105.7  ±  3.8 

[22] 

88.3  ±  4.3  [23] 

25.7  ±  2.2 

[23] 

22.8  ±  1.2 

[23] 

45.7  ±  5.5  [6]c 

96-112 

80-98 

22.9-31 

21-25.5 

38.5-52.0 

Hispaniola 

104.6  ±3.9 

[19] 

81.5  ±  2.3  [20] 

22.1  ±  1.2 

[19] 

21.2  ±  1.5 

[18] 

100-111 

74-85 

21.2-28 

20.8-25 

Puerto  Rico 

114.3  ±  3.9 

[19] 

91.4  ±  4.1  [26] 

24.6  ±  1.8 

[25] 

23.8  ±  1.4 

[25] 

104.5-119 

88-96 

22.5-30 

20.4-24.9 

Females 

Bahamas 

108.0  ±  3.9 

[33] 

83.6  ±  2.6  [37] 

23.0  ±  1.0 

[35] 

22.5  ±  1.6 

[37] 

44.8  [If 

96.5-118 

80-91 

21-25 

20.1-26 

Cuba 

103.6  ±  3.5 

[82] 

84.4  ±  4.0  [73] 

23.6  ±  1.6 

[79] 

22.5  ±  1.6 

[64] 

41.5  ±  2.4  [25] 

95-111 

75-106 

20.3-27 

19-26 

33.3-45.0 

Isla  de  Pinos 

102.0  ±  3.2 

[21] 

84.3  ±  3.0  [19] 

23.1  ±  1.6 

[20] 

22.0  ±  0.9 

[21] 

96-108 

77-89 

21-29 

19.9-24.8 

Cuban  caysb 

102.7  ±  3.5 

[15] 

84.8  ±  4.8  [17] 

24.1  ±  2.2 

[19] 

24.4  ±,  2.2 

[15] 

34.0  ±  1.4  [5] 

95-111 

75-106 

20.3-27 

19-26 

'  32.2-36 

Jamaica 

99.6  ±  3.7 

[51] 

81.0  ±  2.3  [53] 

24.0  ±  0.8 

[52] 

22.4  ±  1.2 

[47] 

89-108 

77-89 

22.5-26.7 

20.3-26 

Cayman  Islands 

102.2  ±  2.8 

[51] 

84.3  ±  3.1  [21] 

24.6  ±  1.6 

[21] 

23.0  ±  1.6 

[20] 

42.1  ±  4.8  [5]c 

96-108 

79-94 

22-28 

21—25 

34.5^16.0  • 

Hispaniola 

102.8  ±  3.2 

[17] 

80.9  ±  3.2  [18] 

21.7  ±  0.7 

[18] 

21.5  ±  1.4 

[16] 

98-110 

76-88 

20.4-23.1 

19.2-23.5 

Puerto  Rico 

110.9  ±  2.6 

[17] 

89.6  ±  2.4  [37] 

23.6  ±  0.8 

[38] 

23.9  ±  1.5 

[36] 

104-116 

84-96 

21.5-25.7 

20.4-27.5 

a  After  Steadman  et  al.  1980. 
b  List  of  Cuban  cays  included  in  Table  1. 
c  After  Olson  et  al.  1981. 


ing  “flavescens”),  which  clearly  shows  the 
difference  between  the  gray  of  the  back  and  the 
black  head;  followed  by  caymanensis  and  jamai- 
censis.  The  pileum  color  of  caudifasciatus  and 
“ flavescens ”  could  be  considered  blackish,  as 
could  the  pileum  of  caymanensis,  although  it  is 
less  dark  in  the  latter  taxon.  The  pileum  of 
bahamensis  is  substantially  lighter,  offering  much 
less  contrast  to  the  back,  that  area  being  more 
brownish  than  blackish.  Finally,  the  pileum  of 
taylori  is  dark  brown,  as  in  gabbii ,  but  the  latter  is 
even  darker,  with  a  blackish  hue  in  some 
specimens.  Underparts:  among  the  taxa,  taylori 
has  the  grayest  underparts,  whereas  gabbii  and 


jamaicensis  have  the  whitest,  followed  by  caudi¬ 
fasciatus  (Table  1).  Overall,  Cuban  (including 
mainland,  Isla  de  Pinos,  and  the  cays),  Cayman 
Islands,  and  .Jamaican  populations  were  most 
similar  in  plumage  with  Puerto  Rican,  Hispanio- 
lan, '  and  Bahamian  populations  showing  more 
distinctiveness  in  plumage  coloration  and  pattern 
(Table  1). 

Morphometries. — W.e  measured  7 1 1  Logger- 
head  Kingbirds,  but  include  here  only  adult 
specimens  (n  =  674)  (Table  2).  Comparisons 
were  made  within  gender  because  of  the  moderate 
sexual  size  dimorphism  observed  in  T.  caudifas¬ 
ciatus  (Table  3).  All  populations  showed  some 
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TABLE  3.  Size  variation  of  males  and  females  in  eight  populations  of  Loggerhead  Kingbirds  ( Tyrannus 
caudifasciatus).  Comparisons  made  using  unpaired  f-tests.  A  parametric  test  was  used  if  population  showed  normal 
distribution;  if  not,  Welch’ s  approximate  t  is  shown,  which  assumes  Gaussian  populations  with  different  SDs. 


Population 

Measurement 

Mean  ±  SD  mm  (n) 

Males  Females 

t 

df 

Pa 

Bahama  Islands 

Wing 

110.6  ±  3.7  (38) 

108.0  ±  3.9  (33) 

2.20 

50 

0.033* 

Tail 

85.5  ±  3.1  (51) 

83.6  ±  2.6  (37) 

1.91 

66 

0.060 

Culmen 

23.5  ±  1.4  (51) 

23.0  ±  1.0  (35) 

0.72 

62 

0.474 

Tarsus 

22.6  ±  1.0  (52) 

22.5  ±  1.6  (37) 

0.19 

55 

0.851 

Cuba 

Wing 

107.3  ±  3.1  (128) 

103.6  ±  3.5  (82) 

6.71 

85 

<0.001*** 

Tail 

86.1  ±  3.9  (116) 

84.4  ±  4.0  (73) 

2.21 

72 

0.300 

Culmen 

23.7  ±  1.5  (122) 

23.6  ±  1.6  (79) 

1.34 

61 

0.186 

Tarsus 

23.0  ±  1.5  (102) 

22.5  ±  1.6  (64) 

2.34 

27 

0.027* 

Mass 

42.6  ±  3.1  (26) 

41.5  ±  2.4  (25) 

0.89 

10 

0.395 

Isla  de  Pinos 

Wing 

107  ±  2.9  (25) 

102.0  ±  3.2  (21) 

4.54 

31 

<0.001*** 

Tail 

85.9  ±  2.9  (26) 

84.3  ±3.0  (20) 

2.37 

30 

0.024* 

Culmen 

23.5  ±  1.3  (25) 

23.1  ±  1.6  (20) 

0.70 

27 

0.488 

Tarsus 

22.7  ±  0.8  (24) 

22.0  ±  0.9  (20) 

1.87 

31 

0.071 

Cuban  caysb 

Wing 

106.1  ±  3.0  (28) 

102.7  ±  3.5  (15) 

2.70 

11 

0.021* 

Tail 

87.0  ±  3.6  (13) 

84.8  ±  4.8  (17) 

1.41 

14 

0.180 

Culmen 

24.7  ±  2.6  (11) 

24.1  ±  2.2  (19) 

1.19 

18 

0.251 

Tarsus 

25.6  ±  1.9  (13) 

24.4  ±  2.2  (15) 

1.03 

18 

0.319 

Mass 

38.1  ±  2.0  (7) 

34.0  ±  1.4  (5) 

1.27 

6 

0.250 

Jamaica 

Wing 

102.7  ±  3.4  (52) 

99.6  ±  3.7  (51) 

5.11 

93 

<0.001*** 

Tail 

82.5  ±  2.7  (50) 

81.0  ±  2.3  (53) 

5.17 

97 

<0.001*** 

Culmen 

24.1  ±  1.3  (52) 

24.0  ±  0.8  (52) 

0.37 

93 

0.713 

Tarsus 

21.9  ±  1.2  (50) 

22.4  ±  1.2  (47) 

-1.83 

87 

0.071 

Cayman  Islands 

Wing 

105.7  ±  3.8  (22) 

102.2  ±  2.8  (51) 

2.86 

40 

0.007** 

Tail 

88.3  ±  4.3  (23) 

84.2  ±  3.1  (21) 

3.25 

44 

0.002** 

Culmen 

25.7  ±  2.2  (23) 

24.6  ±  3.1  (21) 

1.87 

43 

0.069 

Tarsus 

22.8  ±  1.2  (23) 

23.0  ±  1.6  (20) 

-1.03 

42 

0.308 

Hispaniola 

Wing 

104.6  ±  3.9  (19) 

102.8  ±  3.2  (17) 

2.88 

36 

0.007** 

Tail 

81.5  ±  2.3  (20) 

80.9  ±  3.2  (18) 

2.27 

33 

0.030* 

Culmen 

22.1  ±  1.2  (19) 

21.7  ±  0.7  (18) 

0.97 

36 

0.337 

Tarsus 

21.2  ±  1.5  (18) 

21.5  ±  1.4  (16) 

-0.28 

26 

0.784 

Puerto  Rico 

Wing 

114.3  ±  3.9  (19) 

110.9  ±  2.6  (17) 

2.94 

38 

0.006** 

Tail 

91.4  ±  4.1  (26) 

89.6  ±  2.4  (37) 

1.61 

35 

0.117 

Culmen 

24.6  ±  1.8  (25) 

23.6  ±  0.8  (38) 

2.15 

35 

0.038* 

Tarsus 

23.8  ±  1.4  (25) 

23.9  ±  1.5  (36) 

0.58 

55 

0.562 

a  *  =  <0.05,  **  =  <0.01,'  and  ***  =  <0.001. 
b  List  of  Cuban  cays  included  in  Table  1. 


sexual  size  dimorphism,  especially  in  wing  chord. 
Cuban'  populations  displayed  sexual  size  differ¬ 
ences  in  one  of  the  four  measurements  taken, 
whereas  in  each  of  the  seven  other  populations 
males  and  females  differed  in  two  body  measure¬ 
ments  (Table  3). 

There  were  greater  differences  in  wing  and  tail 
lengths  than  in  other  body  parts  examined  among 
populations  (Table  4).  Puerto  Rican  birds  had  the 
greatest  differences  from  other  populations,  fol¬ 
lowed  by  Hispaniolan,  Jamaican,  and  Bahamian 
populations.  Birds  from  Cuban  cays.  Cayman 
Islands,  Cuban  mainland,  and  Isla  de  Pinos  had 
the  fewest  differences  compared  with  other  popu¬ 


lations.  We  found  little  difference  among  Isla  de 
Pinos  and  other  Cuban  populations,  except  tarsus 
.length  of  both  males  and  females  differed  substan¬ 
tially  between  Isla  de  Pinos  and  the  Cuba  cays 
populations  (Table  4).  All  other  comparisons 
revealed  differences  among  populations:  all  Cuban 
populations  (Isla  de  Pinos,  Cuba,  Cuban  cays)  had 
modest  (all  vs.  Bahamas)  to  substantial  differences 
(Cuba  vs.  Hispaniola)  among  populations  (Ta¬ 
ble  4).  Bahamas  populations  were  considerably 
different  in  all  or  most  measurements  compared  to 
Hispaniolan,  Puerto  Rican,  and  Cayman  Islands 
birds.  Measurements  of  Hispaniolan  populations 
differed  most  with  Cuba,  the  Cuban  cays,  Puerto 
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TABLE  4.  Morphometric  comparisons  among  eight  populations  of  Loggerhead  Kingbirds  ( Tyrannus  caudifasciatus). 
ANOVA  with  Tukey-Kramer  Multiple  Comparisons  Test  used,  except  for  mass,  where  unpaired  /-tests  were  used,  q  values 
>  4.322  are  significant  at  the  0.05  level.  Sample  sizes  same  as  in  Table  2. 


q  values  and  levels  of  significance3 


Population 
compared  with 

Males 

Females 

Wing 

Tail 

Culmen 

Tarsus 

Mass  (g) 

Wing 

Tail 

Culmen 

Tarsus  Mass  (g) 

Bahama  Islands 

Cuba 

8.404*** 

1.686 

1.090 

2.508 

8.872*** 

1.739 

3.140 

0.000 

Isla  de  Pinos 

6.029*** 

0.672 

0.000 

0.433 

8.934*** 

1.088 

0.379 

1.722 

Cuban  caysb 

7  792*** 

1.954 

3.281 

10.337*** 

7.075*** 

1.797 

4.102 

5.840** 

Jamaica 

15.963*** 

5.196** 

2.767 

3.776 

15.629*** 

5.324** 

4.860* 

0.428 

Cayman  Islands 

7.888*** 

4.512* 

7.961***  0.853 

8.075*** 

1.124 

6.160*** 

1.695 

Hispaniola 

9.209*** 

6.136*** 

4.734* 

5.470** 

7.240*** 

4.122 

4.763* 

3.144 

Puerto  Rico 

5.679** 

9.909*** 

4.095 

5.268** 

5.066* 

11.321***2.721 

5.626** 

Cuba 

Isla  de  Pinos 

0.000 

0.560 

0.828 

1.413 

2.719 

0.170 

2.123 

1.870 

Cuban  caysb 

1.860 

1.107 

2.887 

9.433*** 

3.181** 

1.332 

0.652 

2.079 

6.231***  4.826*** 

Jamaica 

11.276*** 

7.833*** 

2.195 

6.808*** 

9.323*** 

8.265***  2.380 

0.490 

Cayman  Islands 

2.429 

3.724 

7.996***  0.926 

2.184 

0.177 

4.328 

1.836 

Hispaniola 

4.210 

7.857*** 

5.896** 

7.523*** 

1.248 

5.835** 

7.730*** 

3.366 

Puerto  Rico 

12.805*** 

9  699*** 

3.726 

3.830 

15.462*** 

11.304***0.000 

6.322*** 

Isla  de  Pinos 

Cuban  caysb 

1.411 

1.311 

3.014 

8.998*** 

0.861 

0.657 

3.317 

6.679*** 

Jamaica 

7.619*** 

4.937* 

2.241 

3.442 

3.848 

5.414** 

3.635 

1.434 

Cayman  Islands 

1.918 

3.393 

6.921***  0.366 

0.255 

0.000 

5.102** 

3.011 

Hispaniola 

3.401 

5.988*** 

4.181 

5.140** 

1.019 

4.535* 

4.579* 

1.417 

Puerto  Rico 

10.344*** 

8.026*** 

3.535 

4.113 

13.605*** 

8.238***  1.923 

6.510*** 

Cuban  caysb 

, 

Jamaica 

6.255*** 

5.260** 

1.643 

12.698*** 

4.387* 

5.981***0.396 

6.345*** 

Cayman  Islands 

0.606 

1.516 

2.479 

8.662*** 

0.587 

0.672 

1.678 

3.856 

Hispaniola 

2.176 

6.248*** 

6.237***12.916*** 

0.117 

5.059* 

7.754*** 

7.591***  * 

Puerto  Rico 

11.897*** 

5.243** 

0.251 

5.624** 

11.178*** 

7.187***  1.891 

1.531 

Jamaica 

Cayman  Islands 

5.087** 

8.615*** 

5.807** 

3.817 

3.859 

5.614** 

2.466 

2.114 

Hispaniola 

3.057 

2.261 

6.781***  2.721 

4.749* 

0.161 

8.937*** 

2.925 

Puerto  Rico 

11.600*** 

14.205*** 

1.867 

8.288*** 

21.918*** 

17.611**=*  1.992 

6  371 *** 

Cayman  Islands 

Hispaniola 

1.515 

9.002*** 

10.554***  5.432** 

0.727 

4.644* 

9.594*** 

4.207 

Puerto  Rico 

11.842*** 

4.383* 

3.460 

3:698 

12.393*** 

8.510***3.908 

3.036 

Hispaniola 

Puerto  Rico 

12.893*** 

13.472*** 

7.466***  8.987*** 

11.539*** 

13 .281***7.056*** 

7.515*** 

a  *  =  P  <  0.05,  **  = 

P  <  0.01,  *** 

=  P  <  0.001. 

b  List  of  Cuban  cays  included  in  Table  1. 


Rico,  and  Cayman  Islands.  Puerto  Rican  kingbirds 
had  substantial  difference  in  size  compared  with 
Jamaican  specimens,  and  Jamaican  birds  showed 
difference  from  Cayman  Island  birds. 

We  used  linear  discriminant  analysis  to  classify 
specimens  into  groups  (“Island”:  Bahamas; 
Cuba,  including  Isla  de  Pinos  and  cays;  Cayman 
Islands;  Jamaica;  Hispaniola;  and  Puerto  Rico) 


using  lengths  of  chord,  tail,  culmen,  and  tarsus  as 
predictors.  The  analysis  produced  a  true  group 
classification  of  0.750  for  male  Bahama  speci¬ 
mens,  0.604  for  Cuban  specimens,  0.850  for 
Cayman  Island  specimens,  0.643  for  Hispaniolan 
specimens,  0.720  for  Jamaican  specimens,  and 
0.833  for  Puerto  Rican  individuals,  for  an  overall 
proportion  correct  of  0.709  (127  of  179)  (Wilks’ 
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FIG.  1 .  Cluster  analysis  of  relationships  among  seven  populations  of  male  and  female  Loggerhead  Kingbirds  ( Tyrannus 
caudifasciatus)  based  on  morphometric  measurements  (wing  chord,  and  tail,  culmen,  and  tarsus  length).  The  single  linkage 
method  and  squared  Euclidean  measure  were  used  in  the  analysis. 


lambda  -  0.353;  df  =12 ,  P  <  0.01).  True  group 
proportions  for  females  were  0.667  for  Bahama 
specimens,  0.500  for  Cuban  specimens,  0.533  for 
Cayman  Island  specimens,  0.900  for  Hispaniolan 
specimens,  0.750  for  Jamaican  specimens,  and 
0.875  for  Puerto  Rican  individuals,  for  an  overall 
proportion  correct  of  0.713  (102  of  143)  (Wilks’ 
lambda  =  0.473;  df  =  12,  P  <  0.01). 

Cluster  analysis  of  populations  of  Bahamian 
and  Greater  Antillean  Loggerhead  Kingbirds 
showed  close  relationship  with  two  Cuban 
populations  (Cuban  mainland,  and  Isla  de  Pinos), 
and  among  those  two  Cuban  population  and  the 
Bahamian  population  (Fig.  1).  Females  had  closer 
similarity  within  the  Bahamian-Cuban  caudifas¬ 


ciatus  grouping  than  did  males.  Puerto  Rican 
populations  had  the  least  similarity  compared  with 
other  island  populations. 

Vocalizations. — The  Loggerhead  Kingbird  has  a 
wide  variety  of  songs  and  calls  including 
advertisement  (dawn)  song,  alarm  calls,  and 
defense  calls.  These  vary  among  islands.  We 
present  variation  in  one  of  these  vocalizations,  the 
advertisement  (“Dawn”)  song,  to  illustrate  dif¬ 
ferences  among  populations. 

Advertisement  songs  varied  considerably 
among  populations  (Tables  5,  6),  including  in 
number  of  song  elements,  duration  of  song,  and 
length  of  individual  song  elements.  Hispaniolan 
birds  had  the  longest  songs,  whereas  Jamaican  and 
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TABLE  5.  Characteristics  of  advertisement/dawn  songs  of  six  populations  of  Loggerhead  Kingbirds  (! Tyrannus 
caudifasciatus).  Measurements  are  for  fundamental  tones  only. 

Population 

Mean  ±  SD  [n]  (range) 

Total  duration  of 
song  (sec) 

Duration  of 
song  elements  (sec) 

No.  of 

song  elements 

Frequency  (Hz) 

Low 

High 

Bahama  Islands 

1.08  ±  0.29  [4] 

0.16  ±  0.04  [41] 

4.10  ±  0.32  [4] 

2215.5  ±  263.3  [4] 

4161.5  ±  359.9  [4] 

(0.80-1.77) 

(0.07-0.26) 

(4-5) 

(1887-2801) 

(3735-5820) 

Cuba 

1.46  ±  0.04  [5] 

0.087  ±  0.03  [55] 

11.0  ±  0.00  [5] 

1506.6  ±  71.9  [5] 

4187.4  ±  56.4  [5] 

(1.41-1.51) 

(0.04-0.16) 

(11) 

(1460-1634) 

(4113-4250) 

Jamaica 

0.61  ±  0.08  [4] 

0.06  ±  0.03  [20] 

5.00  ±  0.00  [4] 

1703.5  ±  32.4  [4] 

3870  ±  214  [4] 

(0.54-0.69) 

(0.03-0.12) 

(5) 

(1676-1739) 

(3659-4148) 

Cayman  Islands 

1.36  ±  0.30  [7] 

0.067  ±  0.43  [58] 

9.83  ±  2.93  [6] 

1648.7  ±  179.8  [6] 

4939  ±  760  [6] 

(0.89-1.83) 

(0.01-0.14) 

(4-12) 

(1418-1903) 

(1459-1789) 

Hispaniola 

2.63  ±  1.09  [4] 

0.038  ±  0.30  [106] 

26.50  ±  10.15  [4] 

1848  ±  457  [7] 

4203  ±  395  [7] 

(1.58-3.58) 

(0.01-0.29) 

(16-39) 

(1229-2302) 

(3575-4629) 

Puerto  Rico 

0.68  ±  0.33  [7]  0.05988  ±  0.0343  [51] 

7.29  ±  2.69  [7] 

1635.1  ±  87  [7] 

4066  ±  280  [7] 

(0.26-1.17) 

(0.02-0.19) 

(4-11) 

(1524-1727) 

(3844-4319) 

Puerto  Rican 

birds  gave  the 

shortest  sequences 

among  all  populations  except 

Cayman  Islands 

(Fig.  2).  The  individual  song  elements  also 
showed  significant  differences  among  populations 
(Table  6);  i.e.,  mean  element  lengths  were  distinct 


compared  with  Puerto  Rico  and  Jamaica,  and 
Puerto  Rico  with  Jamaica.  Individual  song 
elements  ranged  from  0.16  ±  0.04  sec  in  duration 


TABLE  6.  Analysis  of  differences  among  advertisement/dawn  songs  of  six  populations  of  Loggerhead  Kingbirds 
C Tyrannus  caudifasciatus )  from  measurements  in  Table  5.  P  values  are  for  unpaired  two-sample  t-tests  with  Bonferroni’s 
correction  for  multiple  comparisons.  Significance  level  set  at  P  <  0.05. 


f-values,  (df),  and  levels  of  significance11 

Frequency  (Hz) 

Total  duration  of  song  Duration  of  song  elements  - 

Population  compared  with  (sec)  (sec)  No.  of  song  elements  Lowest  Highest 


Bahama  Islands 


Cuba 

4.03  (9)*** 

-9.37  (69)*** 

69.00  (9)*** 

-13.58  (21)*** 

0.42  (41) 

Jamaica 

-4.81  (11)*** 

—  9.91  (49)*** 

-32.64  (11)*** 

-11.58  (40)*** 

-2.41  (4) 

Cayman  Islands 

1.91  (12) 

-10.83  (85)*** 

-18.14  (13)*** 

-6.74  (8)*** 

2.46  (5) 

Hispaniola 

2.81  (3) 

-16.73  (54)*** 

4.41  (3)** 

2.07  (6) 

0.26  (7) 

Puerto  Rico 

-2.58  (11)* 

-12.35  (74)*** 

-21.32  (12)*** 

-11.02  (28)*** 

-0.080  (9) 

Cuba 

Jamaica 

20.06  (4)*** 

2.74  (33)** 

181.1  (6)*** 

-5.47  (5)** 

2.88  (3) 

Cayman  Islands 

0.85  (6) 

2.92  (104)** 

0.99  (5) 

-1.77  (6) 

-2.41  (5) 

Hispaniola 

-2.16  (3) 

9.46  (104)*** 

-3.05  (3) 

-1.94  (6) 

-0.10  (6) 

Puerto  Rico 

6.13  (6)*** 

4.29  (101)*** 

3.65  (6)** 

-2.80  (9)* 

1.11  (6) 

Jamaica 

Cayman  Islands 

6.31  (7)*** 

0.24  (44) 

4.04  (5)** 

-0.73  (5) 

3.25  (6)* 

Hispaniola 

3.72  (3)* 

-3.34  (25)** 

4.24  (3)* 

0.83  (6) 

1.81  (8) 

Puerto  Rico 

0.58  (7) 

-0.53  (36) 

‘  2.25  (6) 

-1.87  (8) 

1.30  (7) 

Cayman  Islands 

Hispaniola 

2.29  (3) 

-4.42  (87)*** 

3.20  (3)* 

1.06  (8) 

-2.14  (7) 

Puerto  Rico 

4.02  (11)** 

0.91  (105) 

1.62  (10) 

0.17  (6) 

2.66  (6)* 

Hispaniola 

Puerto  Rico 

3.50  (3)* 

-3.83  (88)*** 

3.71  (3)* 

1.21  (6) 

0.75  (10) 

=  p  <  0.05,  **  =  p  <  o.oi,  ***  =  p  <  o.ooi. 
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FIG.  2.  Sonograms  of  advertisement/dawn  song  in  six  populations  of  Loggerhead  Kingbird  ( Tyrannus  caudifasciatus). 
Localities  and  source  -  Jamaica:  Montego  Bay  (Reynard  J127-8);  Hispaniola:  La  Descubierta,  Dominican  Republic 
(Reynard  H139-2);  Puerto  Rico:  Guanica  (Reynard  PR37-1);  Cuba:  Playa  Larga  (Reynard  CB208-5);  Bahama  Islands 
(Macaulay  115967);  and  Cayman  Islands:  Grand  Cayman  (Reynard  J127-1). 


in  Bahamian  birds  to  0.038  ±  0.301  sec  in 
Hispaniolan  kingbirds  (Table  5).  Number  of 
elements  in  song  segments  ranged  from  26.5  ± 
10.15  (n  =  4,  range  =  16-39)  in  Hispaniolan 
birds  to  4.10  ±  0.316  (n  =  4,  range  =  4-5)  in 
Bahamian  birds  with  Bahamian  and  Cuban  birds 
differing  most  in  number  of  elements  from  other 
populations  (Table  6). 

Hispaniolan  birds  have  long  songs  with  rapidly 
repeated  series  of  many  short  staccato  notes, 
similar  to  the  shorter  segment  of  Cuban  birds. 
Songs  of  Cuban  and  Cayman  Island  populations 
were  of  moderate  duration  with  moderate  element 
length  and  number.  Puerto  Rican  and  Jamaican 
populations  had  songs  of  short  total  length  a'nd 
moderate  element  length,  but  Puerto  Rican  birds 
differed  in  having  more  song  elements  than  those 
in  Jamaica.  Bahamian  birds  had  distinctive  songs 
of  moderate  length  with  fewer,  but  longer, 
elements  than  songs  of  other  populations. 


Systematics  and  Distribution 

Differences  in  plumage  coloration  and  pattern, 
body  size,  vocalizations,  and  distribution  among 
Loggerhead  Kingbird  populations  led  us  to 
reevaluate  its  taxonomic  status  confirming,  in 
part,  the  species  limits  presented  by  several  early 
workers;  e.g.,  Ridgway  (1907),  Cory  and  Hell- 
mayr  (1927),  Wetmore  and  Swales  (1931),  and 
Bond  (1945).  We  concur  with  Buden  and  Olson 
(1989),  who  concluded  that  flavescens,  described 
from  the  Isla  de  Pinos,  is  not  distinct  from 
caudifasciatus.  We  found  no  differences  in 
measurements  between  Cuban  and  Isla  de  Pinos 
populations,  although  both  males  and  females  had 
significant  differences  in  tarsus  length  between 
Cuban  cays  and  Isla  de  Pinos  (Table  4).  Popula¬ 
tions  inhabiting  Cuban  cays  share  the  same 
characters  as  specimens  from  the  main  island  of 
Cuba,  but  varied  more  from  Cuban  birds  than  did 
the  population  of  Isla  de  Pinos. 
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We  propose  the  following  systematic  arrange¬ 
ment  based  on  plumage,  morphometric,  and 
vocalization  data: 

Tyrannus  caudifasciatus  bahamensis  Bryant, 
1864. — Northern  Bahama  Islands  (Grand  Ba¬ 
hama,  Abaco,  Andros,  and  New  Providence). 
Tyrannus  caudifasciatus  caudifasciatus  d’Or- 
bigny,  1839. — Cuba,  Isla  de  Pinos,  and  the 
following  cays:  Cayo  Cinco  Leguas,  Cayo  Tio 
Pepe,  Cayo  Lanzanillo,  Cayo  Fragoso,  Cayo 
Frances,  Cayo  Las  Brujas,  Cayo  Santa  Maria, 
Cayo  Coco,  Cayo  Guillermo,  Cayo  Paredon 
Grande,  Cayo  Guajaba,  Cayo  Romano,  Cayo 
Sabinal  in  the  Archipielago  Sabana-Camagiiey; 
Cayo  Saetfa  (Bahia  de  Nipe),  Cayo  Loma, 
Cayo  Blanco,  Cayo  Cabeza  del  Este,  and  Cayo 
Grande  in  the  Archipielago  Jardines  de  la 
Reina. 

Tyrannus  caudifasciatus  jamaicensis  Chapman, 
1892. — Jamaica. 

Tyrannus  caudifasciatus  caymanensis  Nicoll, 
1904. — Cayman  Islands  (Grand  Cayman,  Cay¬ 
man  Brae,  and  Little  Cayman  [at  least  former¬ 
ly])- 

Tyrannus  gabbii  Lawrence,  1876. — Hispaniola 
(Haiti  and  Dominican  Republic). 

Tyrannus  taylori  Sclater,  1864. — Puerto  Rico  and 
Isla  Vieques. 
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INTRA-  AND  INTERSEXUAL  FUNCTIONS  OF  SINGING  BY  MALE 
BLUE  GROSBEAKS:  THE  ROLE  OF  WITHIN-SONG  VARIATION 

CHRISTINE  I  .ATTIN12-3  AND  GARY  RITCHISON1 2 3 


ABSTRACT. — Songs  of  individual  male  Blue  Grosbeaks  ( Passerina  caerulea)  typically  begin  with  the  same 
combination  of  elements,  but  the  sequence  and  number  of  elements  in  the  latter  portion  of  songs  vary.  We  examined  the 
possible  functions  of  within-song  variation  in  Blue  Grosbeaks  at  the  Blue  Grass  Army  Depot  near  Richmond,  Kentucky, 
USA  from  15  April  to  31  July  2007.  We  examined  singing  rates  and  song  characteristics  of  second-year  (SY;  n  =  6)  and 
after-second-year  (ASY;  n  =  14)  males,  and  conducted  playback  experiments  ( n  =  15)  to  identify  the  possible  function  of 
variation  in  song  length.  Male  Blue  Grosbeaks  sang  at  highest  rates  prior  to  pairing,  maintained  relatively  high  singing  rates 
during  the  post-pairing/pre-nesting  and  nest-building/egg-laying  stages,  and  sang  at  lower  rates  during  the  incubation, 
nestling,  and  fledgling  stages.  These  results  suggest  high  singing  rates  are  important  in  attracting  mates  and  establishing 
territories,  and  lower  singing  rates  may  result  from  trade-offs  associated  with  parental  care.  Males  used  longer  songs  during 
aggressive  encounters  with  conspecifics  and  responded  more  aggressively  to  playback  of  longer  songs.  This  suggests  songs 
containing  more  elements  signal  increased  aggression.  Within-song  variation  may  be  an  important  way  to  vary  song 
meaning  for  male  Blue  Grosbeaks,  and  perhaps  other  males  in  species  with  a  single  song  type  but  repertoires  of  several 
different  song  elements.  Received  13  February  2009.  Accepted  17  June  2009. 


Singing  by  male  songbirds  serves  a  variety  of 
functions,  ranging  from  establishing  territories 
and  attracting  mates  (Smith  1991)  to  distracting 
predators  (Ritchison  1991),  communicating  with 
young  (Beecher  1990),  coordinating  nest  ex¬ 
changes  with  mates  (Smith  1988),  and  informing 
females  about  threat  of  predation  (Johnson  and 
Kermott  1991).  The  way  male  songbirds  use  song 
to  convey  different  messages  varies  among 
species.  Most  male  songbirds  have  repertoires  of 
several  different  songs  (Catchpole  and  Slater 
1995)  and  may  use  different  song  types  in 
different  contexts.  For  example.  Dark-eyed  Juncos 
(. Junco  hyemalis)  have  two  acoustically  and 
structurally  different  song  types,  “short-range” 
songs  for  communicating  with  females  and 
“long-range”  songs  for  communicating  with 
other  males  (Titus  1998).  Similarly,  many  wood 
warblers  have  repertoires  that  include  two  distinct 
types  of  songs  that  are  used  in  different  social  and 
environmental  contexts  (Spector  1991,  Byers 
1995). 

Male  songbirds  in  some  species  exhibit  another 
level  of  song  complexity  by  varying  the  way  they 
sing,  such  as  repeating  or  deleting  certain  song 
elements  in  subsequent  renditions  of  a  particular 
song  type  (Podos  et  al.  1992).  Leitao  et  al.  (2006) 
compared  responses  of  both  male  and  female 
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Common  Chaffinches  ( Fringilla  coelebs)  to  songs 
of  equal  duration  that  varied  in  number  of  trill 
phrases;  they  found  both  males  and  females 
exhibited  a  stronger  response  to  songs  with  more 
phrases  in  the  trill.  Males  in  many  other  species 
exhibit  similar  within-song  variation,  but  little  is 
known  about  the  role  this  variation  may  have  in 
communication  with  conspecifics. 

Each  male  Blue  Grosbeak  ( Passerina  caerulea ) 
has  a  single  song  type  that  consists  of  a  sequence 
of  rapidly  ascending  and  descending  notes  or 
elements.  Songs  usually  begin  with  the  same 
combination  of  elements  with  variation  intro¬ 
duced  by  rearranging  and  adding  elements  in  the 
second  half  of  the  song  (Ingold  1993,  Ballentine 
et  al.  2003).  Our  objective  was  to  examine  the 
possible  functions  of  this  within-song  variation 
using  both  observational  and  experimental  ap¬ 
proaches.  Specifically,  we  examined  song  length 
(number  of  elements  used),  element  repertoire, 
and  song  rate  during  different  breeding  stages  and 
in  different  aggressive  contexts.  We  also  investi¬ 
gated  potential  differences  in  within-song  varia¬ 
tion  between  second-year  (SY)  and  after-second- 
year  (ASY)  male  Blue  Grosbeaks,  as  young  often 
sing  differently  than  older  birds,  especially  during 
their  first  breeding  season  (White  and  Mooney 
1999). 

METHODS 

Study  Area  and  Identification  of  Focal  Males. — 
We  studied  Blue  Grosbeaks  from  15  April  to  31 
July  2007  at  the  Blue  Grass  Army  Depot,  8  km 
south  of  Richmond,  Madison  County,  Kentucky, 
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USA  (37°  40'  N,  84°  13'  W).  We  captured  male 
grosbeaks  (n  =  11)  and  banded  them  with  a 
unique  combination  of  colored  leg  bands  and  a 
numbered  aluminum  USGS  band  to  allow  indi¬ 
vidual  identification  of  focal  birds.  We  were  also 
able  to  identify  males  individually  that  were  not 
captured  (6  ASY  and  3  SY)  using  territory 
locations,  distinctive  song  features,  and,  in  the 
case  of  SYs,  distinctive  plumage.  All  focal  males 
{n  =  20)  were  identified  as  SY  or  ASY  based  on 
plumage  (Ingold  1993).  We  delineated  territories 
by  plotting  the  location  of  focal  males  and  male- 
male  interactions  on  maps  of  the  study  area. 

Song  Recording. — Focal  males  were  observed 
(with  few  exceptions)  once  a  week  during  20- 
60  min  observation  periods.  All  songs  of  focal 
males  were  recorded  using  a  tape  recorder 
(Marantz  PMD-201,  Kanagawa,  Japan;  Sony 
TCM-50DV,  San  Diego,  CA,  USA)  and  direc¬ 
tional  microphone  (Sennheiser  ME-88,  Wenne- 
bostel,  Germany).  All  observations  and  recordings 
were  made  beginning  30  min  before  sunrise  and 
continuing  until  —1200  hrs  EST.  We  did  not 
observe  males  on  days  when  it  was  raining  or 
when  winds  exceeded  25  kph.  Some  males 
disappeared  during  the  breeding  season,  presum¬ 
ably  because  they  either  failed  to  attract  a  mate  or 
did  not  manage  to  breed  successfully.  We  used 
observational  data  from  these  males  until  the  date 
they  disappeared.  We  used  —60  hrs  of  recorded 
song  to  measure  song  rate,  element  repertoire,  and 
song  length. 

Categorization  of  Breeding  Stages. — We  noted 
the  date,  time,  and,  if  known,  nesting  stage  during 
each  observation  period.  Nesting  stages  were 
categorized  as:  (1)  pre-pairing  (no  female  present 
on  territory),  (2)  post-pairing/pre-nesting  (begin¬ 
ning  the  day  a  male  obtained  a  mate  and 
continuing  until  nest  building  began),  (3)  nest- 
building/egg-laying  (female  present,  signs  of  nest 
building  such  as  female  carrying  grass  in  beak), 

(4)  incubation  (female  incubating  eggs  in  nest), 

(5)  nestling  (male  and  female  carrying  food  to 
young),  (6)  post-fledging  (young  out  of  nest,  but 
still  present  in  the  territory),  or  (7)  unknown.  We 
located  nests  by  observing  the  behavior  of  the 
resident  pair  (e.g.,  nest  building  or  carrying  food 
to  nestlings)  and  searching  likely  sites  within  each 
territory.  Located  nests  were  checked  at  least 
twice  weekly. 

We  found  nests  at  different  stages.  Thus, 
backdating  was  often  necessary  to  identify  the 
start  and  duration  of  earlier  stages.  We  used  the 


duration  of  nesting  stages  provided  by  Ingold 
(1993)  with  a  nest  building  period  of  3  days,  an 
egg-laying  period  of  either  4  or  5  days  (depending 
on  clutch  size),  an  incubation  period  of  1 1  days, 
and  a  nestling  period  of  10  days. 

Categorization  of  Aggressive  Contexts. — We 
noted  the  behavior  of  focal  males  during  each 
observation  period  including  all  movements  and 
any  interactions  with  conspecifics.  Each  song 
from  recording  sessions  was  categorized  as:  (1) 
spontaneous  advertising  (no  conspecific  males 
heard  or  observed),  (2)  long-range  countersinging 
where  a  conspecific  male  was  singing  in  an 
adjacent  or  distant  territory  >50  m  distant,  (3) 
short-range  countersinging  where  a  conspecific 
male  was  singing  <50  m  distant,  often  with 
chasing  or  fighting  behavior,  and  (4)  post- 
aggressive  singing,  any  songs  heard  up  to  3  min 
after  a  short-range  encounter.  We  classified  focal 
male  songs  as  long-  and  short-range  cQunter- 
singing  up  to  1  min  after  a  conspecific  was  last 
heard  singing. 

Playback  Experiments. — We  used  playback 
experiments  to  examine  if  males  responded  more 
aggressively  to  songs  containing  more  elements. 
Playback  experiments  were  conducted  from 
30  min  after  sunrise  through  1100  hrs  during  7 
to  29  July  2007.  Most  male  Blue  Grosbeaks 
during  this  period  were  occupied  with  feeding 
nestlings  and  fledglings,  and  spent  less  time 
singing,  but  were  still  defending  territories  and 
responding  aggressively  to  intruding  conspecifics 
(CRL,  pers.  obs.).  We  used  a  different  song  for 
each  playback  experiment  to  avoid  pseudorepli¬ 
cation  (Kroodsma  1989).  Recordings  of  songs 
were  obtained  from  the  Borror  Laboratory  of 
Bioacoustics  at  Ohio  State  University  and  came 
from  different  areas  within  the  breeding  range  of 
Blue  Grosbeaks.  We  used  Raven  software  (Cor¬ 
nell  Laboratory  of  Ornithology,  Ithaca,  NY,  USA) 
to  create  short  (3—4  elements),  normal  length  (8— 
10  elements),  and  long  (23-27  elements)  songs  to 
test  the  effects  of  song  length  on  responses  of 
male  Blue  Grosbeaks.  Short  ,  songs  were  created 
by  cutting  songs  after  the  third  or  fourth  element, 
normal  songs  were  left  intact,  and  long  songs  were 
created  by  repeating  the  last  six  elements  until  the 
appropriate  length  was  reached.  Male  Blue 
Grosbeaks  generate  long  songs  in  a  similar  way. 
The  geographic  origin  of  songs  could  potentially 
influence  response,  but  songs  used  in  our 
experiments  were  generated  from  randomly  se¬ 
lected  songs  from  different  locations  and,  there- 
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fore,  any  effect  would  likely  have  been  similar  for 
each  type  (short,  normal,  and  long)  of  song. 

We  placed  flagging  at  5,  10,  15,  and  20-m 
intervals  radiating  out  in  the  four  cardinal 
directions  from  where  we  placed  the  playback 
speaker  several  days  before  each  playback 
experiment  to  permit  better  estimates  of  the 
distance  of  focal  birds  from  the  speaker.  We 
broadcast  songs  from  within  each  focal  bird’s 
territory.  We  placed  the  speaker  35  m  from 
known  nest  sites  and  at  least  35  m  inside  a  bird’s 
territorial  boundary  when  nest  location  was  not 
known.  We  chose  playback  locations  in  part  for 
habitat  characteristics  with  the  speaker  placed  in 
an  open  area  with  a  mix  of  grasses,  shrubs,  and 
trees  within  20  m  to  provide  possible  perches  for 
focal  males.  Songs  were  played  using  a  directional 
speaker  (Model  SME-AFS,  Saul  Mineroff  Elec¬ 
tronics,  Elmont,  NY,  USA)  placed  on  a  0.38-m 
high  platform  and  connected  to  a  portable  cassette 
player.  We  played  songs  during  all  playback 
experiments  at  a  volume  approximately  twice  that 
of  a  typical  Blue  Grosbeak  song  to  facilitate 
detection. 

Each  male  Blue  Grosbeak  in  the  playback 
experiments  ( n  =  15)  was  tested  with  short, 
normal  length,  and  long  songs.  Each  test  consisted 
of  a  3-min  pre-playback  silent  period  as  a  control, 
a  3-min  bout  of  song  with  10-sec  pauses  between 
each  song,  and  a  3-min  post-playback  silent 
period.  We  maintained  the  same  pause  length 
between  songs  (whether  short,  normal  length  or 
long),  because  song  rate  can  be  an  important 
signal  of  aggression  in  some  bird  species  (e.g., 
Hyman  2003).  Therefore,  there  were  more  short 
songs,  slightly  fewer  normal  length  songs,  and 
still  fewer  long  songs  during  the  3-min  playback 
period.  We  cannot  exclude  the  possibility  that 
male  Blue  Grosbeaks  may  have  been  responding 
to  the  number  of  songs  in  a  playback  period,  or 
the  amount  of  song  relative  to  the  amount  of 
silence,  rather  than  to  song  length. 

We  noted  the  location  of  the  focal  male  every 
15  sec  during  each  period  (pre-playback,  play¬ 
back,  and  post-playback).  This  allowed  us  to 
estimate  mean  distance  of  the  male  from  the 
playback  speaker  during  each  period,  as  well  as 
closest  approach  to  the  speaker.  We  also  noted  the 
number  of  flights,  number  of  chip  calls,  and 
number  of  songs,  and  all  vocal  responses  from 
focal  males  were  tape-recorded.  We  randomly 
assigned  the  order  of  the  three  playback  experi¬ 
ments  in  each  territory  and  separated  tests  by  at 


least  2  days.  Males  on  adjacent  territories  were 
not  tested  on  the  same  day. 

Song  Analysis. — We  analyzed  recorded  Blue 
Grosbeak  songs  from  observations  and  playback 
experiments  using  Raven  software.  We  counted 
the  number  of  elements  and  number  of  unique 
elements  in  each  song  when  song  quality 
permitted.  “Elements”  were  defined  following 
Ballentine  et  al.  (2003)  as  the  smallest  indepen¬ 
dent  units  produced  by  each  male  separated  by 
periods  of  silence  >50  msec,  and  typically  made 
up  of  single  notes. 

We  noted  all  element  types  used  by  the  focal 
male  in  each  observation  period  to  ascertain  if 
previously  undetected  element  types  had  been 
used.  We  were  generally  able  to  identify  most  of  a 
male’s  element  repertoire  after  a  single  observa¬ 
tion  period;  subsequent  observations  typically 
added  few  “new”  elements  to  a  male’s  repertoire. 
We  assumed  we  had  sampled  a  male’s  complete 
element  repertoire  when  a  plot  of  total  elements  in 
a  male’s  repertoire  versus  observation  period 
reached  an  asymptote.  Four  ASY  males  were 
excluded  from  analysis  because  we  had  too  few 
observation  periods  to  completely  sample  their 
element  repertoires. 

Statistical  Analysis. — We  observed  focal  indi¬ 
viduals  repeatedly  during  the  breeding  season. 
Possible  variation  in  singing  rates  of  male  Blue 
Grosbeaks  among  breeding  stages  and  character¬ 
istics  of  songs  among  breeding  stages  and 
different  behavioral  contexts  were  examined 
using  repeated  measures  analysis  of  variance. 
Each  individual  was  included  as  an  independent 
random  variable  in  a  mixed-model  analysis. 
Responses  of  males  to  playback  of  songs  of 
different  length  were  also  compared  using  repeat¬ 
ed  measures  analysis  of  variance.  Variables  were 
checked  for  normality  and  homoscedasticity  prior 
to  these  analyses,  and  transformed  when  neces¬ 
sary.  We  used  a  Wilcoxon  test  to  compare  the 
mean  element  repertoires  of  ASY  and  SY  males. 
All  analyses  were  conducted  using  the  Statistical 
Analysis  System  (SAS  Institute  1999).  Values  are 
presented  as  means  ±  SE. 

RESULTS 

Element  Repertoire  Size. — ASY  male  Blue 
Grosbeaks  had  larger  element  repertoires  than 
SY  males  (Z  =  2.2,  P  =  0.032).  The  mean 
number  of  elements  in  the  repertoires  of  male 
Blue  Grosbeaks  was  19.9  ±  0.6  (range  =  15-22) 
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FIG.  1 .  Singing  rates  (mean  ±  SE)  of  male  Blue  Grosbeaks  (n  =  20)  varied  among  nesting  stages.  Bars  with  the  same 
letter  above  them  indicate  similarity  between  groups  (a  =  0.05). 


for  ASY  males  (n  =  10)  and  16.2  ±1.2  (range  = 
13-21)  for  SY  males  ( n  =  6). 

Song  Variation  at  Different  Breeding  Stages. — 
Singing  rates  varied  among  nesting  stages  (F5 19 
=  7.7,  P  =  0.003)  with  males  singing  at  the 
highest  rates  during  the  pre-pairing  period 
(Fig.  1).  Singing  rates  decreased  after  pairing 
and  were  lowest  during  the  incubation  stage.  We 
found  no  interaction  between  individual  and 
nesting  stage  ( P  =  0.79);  all  males  exhibited  the 
same  trends  regardless  of  age  class.  A  post-hoc 
test  revealed  that  singing  rates  during  pre-pairing 
were  significantly  higher  (Tukey’s  test;  P  <  0.05) 
than  during  the  incubation,  nestling,  and  fledgling 
stages.  The  mean  number  of  elements  per  song 
did  not  differ  among  nesting  stages  for  either  SY 
(Fu  =  0.9,  P  =  0.52)  or  ASY  (F4>7  =  2.9,  P  = 
0.32)  males. 

Song  Variation  in  Different  Aggressive  Con¬ 
texts. — Most  male  Blue  Grosbeak  songs  recorded 
were  uttered  spontaneously  (5,685  songs,  85%;  n 


=  20  males).  Fewer  songs  were  uttered  during 
countersinging  with  a  distant  neighbor  (652  songs, 
10%;  n  =  19  males),  close-range  singing  (182 
songs,  3%;  n  =  12  males),  and  post-aggressive 
singing  (138  songs,  2%;  n  =  10  males).  The  mean 
number  of  elements  per  song  varied  among 
intrasexual  contexts  (F333  =  144.9,  P  <  0.001; 
Fig.  2)  and  between  SY  and  ASY  males  (F  1>19  = 
83.3,  P  <  0.001).  There  was  a  significant  interaction 
between  age  and  intrasexual  context  (F  =  14.9,  P  < 
0.001).  The  number  of  elements  per  song  for  ASY 
males  increased  in  increasingly  aggressive  contexts 
(.F 2  25  =  8.3,  P  <  0.001)  with  a  mean  of  12.7  ±  0.1 
during  spontaneous  singing,  14.6  ±  0.2  during  long- 
range  countersinging,  19.0  ±  0.7  during  short-range 
countersinging,  and  15.9  ±  0.3  during  post¬ 
aggression  singing.  The  mean  number  of  elements 
per  song  for  SY  males  did  not  differ  among 
intrasexual  contexts  (F3$  =  1.4,  P  =  0.32). 

Playback  Experiments. — Male  Blue  Grosbeaks 
( n  =  15)  during  the  playback  and  post-playback 
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FIG.  2.  The  number  of  elements  (mean  ±  SE)  in  songs  of  male  Blue  Grosbeaks  ( n  =  20)  increased  in  increasingly 
aggressive  contexts. 


periods  approached  the  speaker  significantly  more 
in  response  to  long  songs  than  in  response  to  short 
and  normal  length  songs.  The  mean  distance  of 
males  from  the  speaker  was  also  significantly 
closer  during  playback  of  long  songs  (Tables  1, 
2).  Focal  males  during  the  post-playback  period 
also  sang  more  songs  in  response  to  playback  of 
long  songs  than  to  playback  of  short  and  normal 
length  songs  (Table  2). 


DISCUSSION 

Song  Rate. — Male  Blue  Grosbeaks  sang  at  the 
highest  rates  before  pairing,  maintained  relatively 
high  singing  rates  during  the  post-pairing/pre-nesting 
and  nest-building/egg-laying  stages,  and  sang  at 
lower  rates  during  incubation,  nestling,  and  fledgling 
stages.  This  pattern  is  similar  to  that  reported  for 
several  other  species,  including  Great  Reed  Warblers 
(Acrocephalus  arundinaceus )  (Catchpole  1973), 


TABLE  1.  Responses  (mean  ±  SE)  of  male  Blue  Grosbeaks  (n  =  15)  during  playback  at  the  Blue  Grass  Army  Depot, 
Madison  County,  Kentucky,  July  2007*. 

Short  songs 

Normal  length  songs 

Long  songs 

Statistics 

Distance  of  closest  approach  to  speaker  (m) 

25.1  ±  5.7 

33.9  ±  3.8 

15.3-±  4.2 

Fi,\9 

=  5.8,  P  =  0.011 

(n  =  10) 

(n  =  14) 

(«'=  12) 

Number  of  flights 

1.4  ±  0.4 

1.4  ±  0.6 

2.0  ±  0.5 

1*2.26 

=  0.51,  P  =  0.61 

(n  =  14) 

(n  =  15) 

(n  =  14) 

Number  of  ‘chip’  calls 

3.9  ±  1.9 

9.8  ±  6.3 

4.7  ±  3.6 

1*2,26 

=  1.0,  P  =  0.38 

( n  =  14) 

C n  =  15) 

(n  =  14) 

Number  of  songs 

2.6  ±  1.2 

2.3  ±  0.6 

3.1  ±  1.1 

^2,26 

=  0.2,  P  =  0.86 

(n  =  14) 

(«  =  15) 

(n  =  14) 

Number  of  elements/song 

13.5  ±  1.2 

10.5  ±  0.5 

16.0  ±  2.1 

Fl, ! 

=  0.03,  P  =  0.97 

(n  =  4) 

(n  =  2) 

(n  =  6) 

Time  spent  <50  m  from  speaker  (sec) 

87.0  ±  17.7 

83.6  ±  19.6 

103.8  ±  16.9 

Fl,\9 

=  0.2,  P  =  0.86 

(n  =10) 

(n  =  14) 

(«  =  12) 

Distance  from  speaker  (m) 

26.4  ±  4.5 

31.4  ±  3.0 

15.0  ±  2.9 

T2.I4 

=  5.8,  P  =  0.015 

0 n  =  9) 

(n  =  11) 

(n=  11) 

Not  all  males  responded  or  were  observed  during  each  period  of  each  playback  experiment  (sample  sizes  in  parentheses). 
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TABLE  2.  Responses  (mean  ±  SE)  of  male  Blue  Grosbeaks  ( n  =  15)  during  the  post-playback  period  at  the  Blue  Grass 
Army  Depot,  Madison  County,  Kentucky,  July  2007". 

Short  songs 

Normal  length  songs 

Long  songs 

Statistics 

Distance  of  closest  approach  to  speaker  (m) 

33.2  ±  5.1 

30.1  ±  3.7 

15.1  ±  3.8 

^2,24 

=  7.5,  P 

=  0.003 

(n  =  13) 

(n  =  14) 

in  =  14) 

Number  of  flights 

0.6  ±  0.2 

0.9  ±  0.2 

1.0  ±  0.3 

7*2,26 

=  0.4,  P 

=  0.65 

C n  =  14) 

(n  =  15) 

in  =  14) 

Number  of  ‘chip’  calls 

1.9  ±  1.2 

11.1  ±  6.0 

10.5  ±  6.8 

7*2,26 

=  1.4,  P 

=  0.27 

in  =  14) 

in  =  15) 

in  =  14) 

Number  of  songs 

5.6  ±  1.5 

3.1  ±  1.0 

8.4  ±  1.4 

7*2,26 

=  4.4,  P 

=  0.023 

(n  =  14) 

in  =  15) 

in  =  14) 

Number  of  elements/song 

13.4  ±  1.8 

19.5  ±  7.5 

16.5  ±  2.0 

Tr2,7 

=  1.9,  P 

=  0.22 

(«  =  7) 

in  =  4) 

in  =  10) 

Time  spent  <50  m  from  speaker  (sec) 

108.5  ±  22.5 

113.0  ±  20.1 

153.2  ±  15.6 

7*2,25 

=  2.0,  P 

=  0.16 

in  =  13) 

in  =  15) 

in  =  14) 

Distance  from  speaker  (m) 

29.9  ±  5.2 

26.5  ±  1.9 

15.0  ±  2.4 

7*2,17 

=  5.8,  P 

=  0.012 

in  =  10) 

in  =  11) 

in  =  13) 

Not  all  males  responded  or  were  observed  during  each  period  of  each  playback  experiment  (sample  sizes  in  parentheses). 


Marsh  Warblers  (A.  palustris )  (Kelsey  1989), 
Northern  Mockingbirds  ( Mimus  polyglottos )  (Logan 
1983),  and  Eastern  Bluebirds  ( Sialia  sialis )  (Hunts¬ 
man  and  Ritchison  2002).  Several  investigators  have 
suggested  high  singing  rates  are  important  for 
attracting  females  (Krebs  et  al.  1981,  Cuthill  and 
Hindmarsh  1985,  Huntsman  and  Ritchison  2002), 
perhaps  because  a  high  singing  rate  makes  it  easier 
for  unpaired  females  to  find  males. 

Singing  rates  may  also  represent  an  honest 
signal  of  male  quality  (Vehrencamp  2000). 
Singing  requires  complex  patterns  of  muscular 
contraction  (Suthers  et  al.  1999),  but  there  is  little 
evidence  that  a  high  singing  rate  represents  a 
significant  energetic  expense  (Gil  and  Gahr  2002). 
High  singing  rates  could  be  costly  and  an  honest 
signal  of  quality  if  males  have  to  trade  off 
between  time  spent  singing  and  time  spent 
foraging.  For  example,  Thomas  et  al.  (2003) 
found  that  male  European  Robins  (Erithacus 
rubecula)  gained  less  mass  when  they  sang  more. 
High  singing  rates  may,  therefore,  indicate  that  a 
male  is  good  at  foraging,  or  possesses  a  high- 
quality  territory  with  ample  food  resources 
(Radesater  et  al.  1987,  Radesater  and  Jakobsson 
1989,  Alatalo  et  al.  1990). 

Singing  rates  of  male  Blue  Grosbeaks  in  our 
study  remained  relatively  high  after  pairing  before 
and  during  the  period  when  females  were  fertile 
(the  post-pairing/pre-nesting  and  nest-building/ 
egg-laying  stages).  Ballentine  et  al.  (2003)  also 
found  that  singing  rates  of  male  Blue  Grosbeaks 
were  higher  during  than  after  their  mates’  fertile 
period.  These  results  suggest  singing  may  be  used 


to  stimulate  females,  either  in  terms  of  reproduc¬ 
tive  physiology,  reproductive  behavior,  or  both,  as 
reported  in  other  species  (Nowicki  and  Searcy 
2004).  These  results  are  also  consistent  with  the 
fertility  announcement  hypothesis  (Mpller  1991) 
with  males  singing  at  higher  rates  to  announce 
their  mate’s  fertility  and  simultaneously  advertise 
their  ability  to  guard  her. 

Singing  rates  of  male  Blue  Grosbeaks  de¬ 
creased  after  pairing,  but  males  continued  to  sing 
during  incubation,  nestling,  and  fledgling  stages. 
Blue  Grosbeaks  exhibit  biparental  care  (Ingold 
1993),  and  males  may  have  to  trade  off  during 
nestling  and  fledgling  stages  between  time  spent 
provisioning  young  and  time  spent  singing. 
Investigators  have  found  decreased  singing  rates 
after  egg  laying  in  several  species,  including 
Redwings  ( Turdus  iliacus )  (Lampe  and  Espmark 
1987),  Sedge  (. Acrocephalus  schoenobaenus)  and 
Eurasian  Reed  (A.  scirpaceus)  warblers  (Catch- 
pole  1973),  and  Northern  Mockingbirds  (Logan 
1983).  Male  Blue  Grosbeaks  may  sing  primarily 
for  territory  defense  during  these  later  stages  of 
the  breeding  cycle,  and,  perhaps,  to  communicate 
with  mates  and  fledged  young,  as  reported  for 
other  species  (Ritchison  1983,  Lind  et  al.  1996). 

Song  Length. — We  found  no  variation  in  the 
mean  number  of  elements  per  song  during 
different  breeding  stages,  but  male  Blue  Gros¬ 
beaks  used  longer  songs  with  more  elements  in 
more  aggressive  contexts  and  also  responded 
more  aggressively  to  playback  of  longer  songs. 
Balsby  and  Dabelsteen  (2001)  reported  male 
Common  Whitethroats  ( Sylvia  communis)  re- 
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sponded  more  strongly  to  playback  of  longer 
songs  than  shorter  songs,  regardless  of  whether 
long  songs  were  composed  of  a  small  repertoire  of 
repeating  elements  or  a  larger  repertoire  with 
fewer  repeats.  McGregor  and  Horn  (1992)  report¬ 
ed  a  significant  positive  correlation  between  song 
length  (the  number  of  repeated  phrases)  and 
strength  of  response  to  playback  by  male  Great 
Tits  ( Parus  major). 

Longer  songs  could  function  as  a  signal  of 
increased  aggression  through  a  deliberate  attempt 
to  overlap  the  songs  of  a  rival.  Song  overlapping 
is  an  important  agonistic  signal  in  a  number  of 
bird  species,  including  Great  Tits  (McGregor  et  al. 
1992),  European  Robins  (Dabelsteen  et  al.  1997), 
and  Common  Nightingales  ( Luscinia  mega- 
rhynchos)  (Naguib  1999),  and  is  used  not  just  by 
singing  males  but  also  by  eavesdropping  females 
and  other  males  to  assess  male  quality  and 
motivation  (Peake  et  al.  2001,  Mennill  et  al. 
2002). 

Differences  Between  SY  and  ASY  Males. — ASY 
male  Blue  Grosbeaks  generally  had  larger  element 
repertoires  and  sang  longer  songs  than  SY  males. 
Similar  differences  in  the  singing  behavior  of 
second  year  and  older  males  have  been  reported 
for  a  number  of  other  species  (Eens  et  al.  1992, 
Espmark  and  Lampe  1993,  O’Loghlen  and 
Rothstein  1993,  Cucco  and  Malacame  1999).  An 
increase  in  size  of  song  repertoires  with  age  is  a 
widespread  phenomenon  (McGregor  and  Krebs 
1989),  although  most  studies  have  focused  on 
species  with  multiple  song  repertoires  rather  than 
element  repertoires. 

The  shorter  songs  of  SY  male  Blue  Grosbeaks 
may  represent  a  mechanism  for  avoiding  aggres¬ 
sion.  Older  male  (ASY)  Blue  Grosbeaks  use 
longer  songs  in  aggressive  contexts  to  signal  an 
increased  likelihood  of  interacting.  Therefore,  the 
shorter  songs  of  SY  males,  both  when  singing 
spontaneously  and  during  interactions  with  con- 
specific  males,  may  be  less  likely  to  elicit 
aggressive  responses. 
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DEMOGRAPHY  AND  NATURAL  HISTORY  OF  LAYSAN  ALBATROSS 

ON  OAHU,  HAWAII 

LINDSAY  C.  YOUNG,1'27  ERIC  A.  VANDERWERF,2  DAVID  G.  SMITH,3 
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ABSTRACT. — Laysan  Albatross  ( Phoebastria  immutabilis)  began  re-colonizing  sites  across  the  Pacific  in  the  1970s 
after  severe  population  declines,  and  fledged  the  first  chick  on  the  island  of  Oahu  in  1992.  We  report  the  status  of  Laysan 
Albatross  populations  at  Kaena  Point  and  Kuaokala  on  the  island  of  Oahu,  Hawaii  and  provide  new  demographic  data  for 
this  species.  Colonies  on  Oahu  were  monitored  weekly  from  2004  to  2008;  all  individuals  were  censused,  banded,  and 
genetically  identified  to  gender.  There  was  a  population  of  365  adults  on  Oahu  in  2008  of  which  47%  were  active  breeders. 
The  breeding  population  increased  27%  annually  since  1991.  The  high  rate  of  increase  was  due  primarily  to  immigration 
with  some  local  recruitment.  Recaptures  indicate  that  seven  birds  were  from  French  Frigate  Shoals,  one  was  from  Midway 
Atoll,  and  52  were  from  Oahu  and  returning  to  breed;  all  other  adults  were  of  unknown  origin.  Hatching  rate  (62%), 
fledging  rate  (78%),  and  overall  reproductive  success  (48%)  were  comparable  to  other  colonies  despite  occasional 
predation.  The  rate  of  adult  dispersal  was  high  with  up  to  10%  of  birds  observed  each  day  on  Oahu  visiting  from  Kauai. 
Adults  occasionally  changed  breeding  colonies  between  seasons,  and  even  visited  other  islands  while  actively  breeding  on 
Oahu.  While  small,  these  colonies  are  at  higher  elevations  and  may  serve  as  refugia  in  the  event  of  sea  level  rise  and,  thus, 
should  continue  to  be  conservation  priorities.  Received  10  November  2008.  Accepted  14  April  2009. 


The  Laysan  Albatross  ( Phoebastria  immut¬ 
abilis)  has  a  broad  distribution  spanning  tropical, 
subtropical,  and  subarctic  zones  (8°  to  59°  N)  of 
the  Pacific  Ocean  from  the  west  coast  of  North 
America  to  Japan  (Whittow  1993,  Hyrenbach  et 
al.  2002,  Shaffer  et  al.  2005).  Their  pelagic  habitat 
includes  most  of  the  North  Pacific  Ocean,  but  they 
have  historically  bred  on  a  limited  number  of 
remote  subtropical  islands  (Whittow  1993,  Tickell 
2000).  Laysan  Albatross  began  colonizing  islands 
from  Japan  to  Mexico  in  the  1970s,  despite  their 
reportedly  high  natal  philopatry.  Some  sites  were 
re-colonizations  of  islands  where  the  species  had 
been  extirpated,  such  as  Mukojima,  Japan  (Kurata 
1978)  and  Wake  Island  in  the  Western  Pacific 
(Rauzon  et  al.  2008),  and  Kauai  in  the  main 
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Hawaiian  Islands  (Zeillemaker  and  Ralph  1977, 
Tickell  2000).  In  addition  to  re-colonization  of 
historical  nesting  sites,  Laysan  Albatross  also 
recently  expanded  their  range  to  several  more 
islands,  including  Lehua  Islet  in  the  main 
Hawaiian  Islands  (VanderWerf  et  al.  2007),  and 
into  the  Eastern  Pacific  on  Isla  Guadalupe, 
Clarion,  and  San  Benedicto  in  Mexico  (Gallo- 
Reynoso  and  Figueroa-Carranza  1996,  Pitman  et 
al.  2004). 

Fossil  evidence  indicates  that  seabirds  were  not 
only  present,  but  abundant  in  the  main  Hawaiian 
Islands  before  arrival  of  humans  (Olson  and  James 
1982,  Moniz-Nakamura  1999,  Burney  et  al. 
2001).  Seabird  populations  in  the  Hawaiian 
Islands  severely  declined  following  the  arrival  of 
Polynesians  1,500-1,900  years  ago  and  subse¬ 
quent  arrival  of  Europeans  over  200  years  ago 
(Olson  and  James  1982,  Harrison  1993,  Moniz- 
Nakamura  1999).  Laysan  Albatross  populations 
across  the  Pacific  also  severely  declined  during 
the  early  twentieth  century  as  a  result  of  human 
consumption,  feather  collecting,  egg  collecting, 
predation  from  introduced  mammals,  and  military 
activities  (Whittow  1993,  Tickell  2000,  Rauzon 
2001).  As  a  result,  Laysan  Albatross  and  many 
other  breeding  seabirds  disappeared  entirely  from 
the  eight  main  Hawaiian  Islands  (Olson  and  James 
1982,  Moniz-Nakamura  1999).  Today,  Laysan 
Albatross  breed  almost  exclusively  in  the  North¬ 
western  Hawaiian  Islands  (NWHI;  97%  of 
>600,000  pairs),  which  are  largely  free  of 
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FIG.  1.  Study  sites  and  other  locations  on  Oahu,  Hawaii  where  Laysan  Albatross  have  attempted  to  nest. 


mammalian  predators  (Tickell  2000,  Naughton  et 
al.  2007). 

Laysan  Albatross  are  listed  as  vulnerable  by  the 
International  Union  for  the  Conservation  of 
Nature  (IUCN  2007)  due  to  population  fluctua¬ 
tions  and  high  rates  of  at-sea  mortality  from 
bycatch  in  North  Pacific  fisheries  (Gilman  and 
Freifeld  2002).  Understanding  the  status  of  each 
breeding  population  of  Laysan  Albatross  has 
become  a  priority  for  developing  conservation 
actions  because  this  species  is  vulnerable  and 
nests  in  few  locations  (Naughton  et  al.  2007). 
Laysan  Albatross  colonies  on  Oahu,  Kauai,  and 
Lehua  in  the  Hawaiian  Islands  are  currently  small, 
but  growing.  Populations  on  these  high  islands 
may  become  increasingly  important  because  they 
will  be  better  able  to  withstand  projected  global 
climate  changes  and  associated  rises  in  sea  level 
(Baker  et  al.  2006).  Our  objectives  are  to:  (1) 
report  the  status  of  the  Laysan  Albatross  popula¬ 
tion  on  Oahu,  including  a  brief  history  of  the 
species’  occurrence,  and  (2)  provide  new  demo¬ 
graphic  data  for  this  species. 


METHODS 

Study  Sites. — Detailed  demographic  monitoring 
of  Laysan  Albatross  has  occurred  at  two  locations 
on  Oahu  in  recent  years,  Kaena  Point  Natural 
Area  Reserve  (Kaena  Point  NAR),  and  Kuaokala 
Game  Management  Area  (Kuaokala  GMA) 
(Fig.  1). 

Kaena  Point  NAR  (21°  58'  N,  158°  27'  W)  is 
on  the  westernmost  tip  of  Oahu  and  protects  12  ha 
of  arid  coastal  habitat  ranging  in  elevation  from 
sea  level  to  25  m.  Mammalian  predators,  such  as 
cats  ( Felis  catus ),  dogs  {Canis  lupus  familiaris), 
Indian  mongoose  {Herpestes  javanicus),  and  black 
rats  ( Rattus  rattus)  are  controlled  by  the  U.S. 
Department  of  Agriculture  (USDA),  Wildlife 
Services  through  a  combination  of  live  trapping, 
shooting,  and  poison  bait  stations;  however,  these 
predators  still  survive  at  low  densities.  Two  native 
plant  communities  are  present,  a  mixed  coastal 
dry  shrubland  dominated  by  naupaka  ( Scaevola 
taccada )  and  naio  ( Myoporum  sandwicens),  and  a 
coastal  dry  mixed  shrub  and  grassland  dominated 
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by  ilima  ( Sida  fallax ).  Several  introduced  plants 
are  also  common,  including  koa  haole  ( Leucaena 
leucocephala),  kiawe  ( Prosopis  pallida),  and 
Guinea  grass  ( Panicum  maximum),  although 
efforts  are  underway  to  remove  these  species. 
Laysan  Albatross  use  all  of  these  habitat  types  at 
Kaena  Point  NAR,  including  non-native  vegeta¬ 
tion. 

Kuaokala  GMA  is  ~6  km  east  of  Kaena  Point 
NAR  at  350  m  elevation  in  the  northern  Waianae 
Mountains  (21°  56'  N,  158°  23'  W)  and  is  the 
highest  Laysan  Albatross  colony  in  the  world.  The 
habitat  is  dominated  by  introduced  ironwood 
( Casuarina  equisetifolia),  strawberry  guava  (Psi- 
dium  cattleianum),  and  introduced  grasses.  The 
area  where  most  albatross  nest  is  fenced,  and  is 
part  of  a  pig  and  game  bird  hunting  area  within 
the  Mokuleia  Forest  Reserve.  Most  nesting  occurs 
under  ironwood  trees,  where  the  needles  from  the 
trees  are  used  to  build  nest  cups. 

Monitoring  Techniques. — All  chicks  at  Kaena 
Point  NAR  and  Kuaokala  GMA  were  censused 
and  banded  starting  in  1992.  Regular  monitoring 
of  adults  and  chicks  at  both  colonies  began  in 
2004  for  the  duration  of  the  breeding  season 
(Nov-Jul),  and  all  birds  encountered  were 
captured  by  hand  and  banded  with  a  federal 
metal  band  with  a  unique  serial  number. 
Monitoring  consisted  of  a  weekly  census  of  all 
birds  present  in  the  colony  at  Kaena  Point  NAR, 
and  approximately  monthly  at  Kuaoakal  GMA. 
Starting  in  2006,  each  bird  was  also  given  a 
field-readable  purple  plastic  band  numbered  in 
white  from  0001-0999.  A  small  (400  uL)  blood 
sample  was  collected  from  the  tarsal  vein  of  each 
bird  for  use  in  identifying  gender  and  other 
genetic  analyses.  All  individuals  were  classified 
to  gender  following  protocols  outlined  in  Fri- 
dolfsson  and  Ellegren  (1999)  and  Young  et  al. 
(2008).  Previously  banded  birds  were  reported  to 
the  Bird  Banding  Laboratory  which  provided 
information  on  the  origin  and,  in  some  cases,  age 
of  each  bird. 

Nesting  attempts  were  monitored  from  egg- 
laying  through  chick  fledging.  Each  time  an  adult 
was  encountered,  its  location,  status  (incubating, 
brooding,  or  walking),  and  association  with  any 
other  adult  or  chick  were  recorded.  Chicks  were 
observed  approximately  weekly  from  hatching 
(Feb)  until  fledging  (Jul)  each  year.  Nest  number, 
parent  information,  hatching  date,  disease  status, 
and  date  of  either  fledging  or  death  were  recorded 
for  all  chicks.  Chicks  that  survived  to  fledging  age 


were  banded  with  both  a  federal  metal  band  and  a 
field-readable  plastic  band. 

Analyses. — We  estimated  the  number  of  Laysan 
Albatross  that  have  been  recorded  on  Oahu  since 
the  1970s  by  compiling  banding  records  and 
observations  from  the  published  literature,  federal 
banding  records,  and  discussions  with  biologists 
and  birders.  Individuals  were  included  only  if  a 
band  number  could  be  obtained  to  ensure  the 
actual  number  of  individuals,  and  not  just 
observations,  was  reported. 

Size  of  the  non-breeding  population  is  difficult 
to  estimate  in  seabirds  (Citta  et  al.  2007),  but  we 
attempted  to  estimate  the  total  current  Laysan 
Albatross  population  on  Oahu  by  summing  the 
numbers  of  birds  that  have  bred  at  least  once  in 
the  past  3  years  (to  account  for  birds  that  skipped 
up  to  2  years),  non-breeders  that  have  visited  the 
island  at  least  twice  in  the  past  5  years  (since 
some  non-breeders  do  not  visit  every  year),  and 
chicks  hatched  on  the  island  that  returned  and 
visited  the  island  at  least  twice  in  the  past  4  years. 
These  time  periods  were  chosen  based  on 
attendance  patterns  of  birds  in  each  category  and 
the  encounter  probability  of  each  category. 

We  calculated  the  average  rate  of  increase  in 
the  breeding  population  from  1992  (year  the  first 
chick  fledged)  to  2008  using  the  formula:  k  =  ( ntl 
«o)  ‘  where  k  is  the  rate  of  increase,  n  is  the 
number  of  nesting  pairs,  and  t  is  time  in  years. 

RESULTS 

Population  History. — Laysan  Albatross  have 
attempted  to  breed  at  six  locations  on  Oahu  since 
1979:  Kaena  Point  NAR,  Kuaokala  GMA, 
Kahuku  Point,  and  Dillingham  Airfield  on  Oahu’s 
northern  coast,  and  Kaneohe  Marine  Corps  Base 
(MCBH)  and  Moku  Manu  on  the  eastern  side  of 
Oahu  (Fig.  1).  The  two  sites  on  Oahu  where 
Laysan  Albatross  have  successfully  established 
and  maintained  colonies  are  Kaena  Point  NAR 
and  Kuaokala  GMA.  The  Kahuku  Point  colony 
failed  to  fledge  any  chicks  due  to  predation  by 
dogs  and,  in  1996  the  remaining  adults  abandoned 
breeding  there  altogether  but  still  regularly  visit 
the  site  (Mike  Ord,  Pete  Donaldson,  Mike 
Silbernagle,  pers.  comm.;  LCY  and  EAV,  pers. 
obs.).  Laysan  Albatross  attempted  to  nest  at 
Dillingham  Airfield  during  the  late  1980s  and 
1990s,  but  due  to  the  strike  hazard  they  posed  to 
aircraft,  eggs  were  removed  to  discourage  nesting 
(Mark  Ono,  pers.  comm.);  adults  still  regularly 
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FIG.  2.  Number  of  chicks  fledged  each  year  from  Laysan  Albatross  colonies  on  Oahu,  Hawaii  since  1992  and  numbers 
of  eggs  laid  and  chicks  hatched  from  2004  to  2008. 


visit  the  site.  Laysan  Albatross  still  attempt  to  nest 
each  year  near  an  active  runway  at  MCBH  and,  at 
times,  in  an  active  firing  range  (Diane  Drigot, 
pers.  comm.).  Eggs  are  removed  at  this  site  to 
discourage  nesting  and  reduce  the  chance  of 
aircraft  strikes.  All  adults  encountered  at  MCBH 
since  1985  have  been  banded  by  USDA,  Wildlife 
Services  personnel  and  removed  from  the  site; 
some  have  been  released  at  Kaena  Point  NAR. 

Population  Size  and  Origin  of  Laysan  Albatross 
on  Oahu. — The  annual  growth  rate  of  the  Laysan 
Albatross  breeding  population  on  Oahu  was  27% 
from  1992  to  2008.  This  growth  was  primarily  a 
result  of  immigration  from  other  colonies,  but 
there  was  some  local  recruitment.  The  number  of 
chicks  fledged  also  increased  over  the  same  time 
period  (Fig.  2).  The  total  population  size  on  Oahu 
in  2008  was  —365  adults  of  which  163  (47%) 
were  breeders.  Kaena  Point  NAR  is  the  larger  of 
the  two  colonies  (28-50  nests  from  2004  to  2008) 
and  has  two  to  three  times  the  population  of 
Kuaokala  GMA  (15-23  nests  from  2004  to  2008). 
The  sex  ratio  of  adults  in  the  Oahu  population  was 
female-biased  (59%  female),  although,  the  sex 
ratio  of  chicks  at  fledging  was  49%  female. 

A  total  of  891  Laysan  Albatross  has  been 
recorded  on  Oahu  from  1979  to  2008.  Of  these, 
264  (30%)  were  chicks  hatched  on  Oahu,  193 
(22%)  were  adults  that  bred  at  least  once  since 


2003,  and  434  (48%)  were  non-breeding  adults. 
Most  adults  on  Oahu  did  not  have  bands  when  first 
observed  (78%,  n  =  494/627)  and  are  of  unknown 
origin.  Of  birds  banded  as  chicks  and,  thus,  of 
known  origin  (n  =  59/627;  9%),  seven  were  from 
French  Frigate  Shoals,  one  was  from  Midway  Atoll, 
and  52  were  Oahu  individuals  recmiting  to  their 
natal  colony.  Two  chicks  hatched  on  Oahu  were 
observed  as  adults  on  Kauai  (Brenda  Zaun,  unpubl. 
data)  and  have  not  returned  to  their  natal  colony. 
Birds  banded  elsewhere  as  adults  were  exclusively 
from  Kauai  (n  =  76/365  adults)  and  comprised 
21%  of  the  current  adult  population  on  Oahu.  This 
observation,  coupled  with  chicks  from  Oahu 
recruiting  to  Kauai,  provides  evidence  of  both  natal 
and  adult  dispersal  in  this  species. 

Reproductive  Success  and  Behavior. — The  over¬ 
all  nest  success  rate  on  Oahu  from  2004  to  2008  was 
48%  (Fig.  3).  The  hatching  rate  of  all  eggs  laid  was 
62%,  and  the  fledging  rate  of  all  chicks  hatched  was 
78%.  The  number  of  nesting  attempts  steadily 
increased  despite  variation  in  hatching  and  fledging 
success  as  a  result  of  predation  (Fig.  3).  Breeding 
phenology  closely  parallels  other  Laysan  Albatross 
colonies  with  the  first  birds  returning  to  the  colony 
during  6-11  November,  egg  laying  from  21 
November  to  16  December,  chicks  hatching  from 
25  January  to  21  February,  and  chick  fledging 
occurring  primarily  in  July. 
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FIG.  3.  Rates  of  hatching  (%  of  eggs  laid  that  hatch),  fledging  (%  of  chicks  hatched  that  fledge),  and  reproductive 
success  (%  of  eggs  laid  that  result  in  fledged  chicks)  for  Laysan  Albatross  on  Oahu,  Hawaii. 


The  rate  of  mate  change  in  Laysan  Albatross  on 
Oahu  was  14%  (9/66),  based  on  pairs  in  which  the 
mate  was  known  for  at  least  3  years.  A  mate 
change  was  defined  as  two  birds  pairing  for  at 
least  2  years  then  at  least  one  of  the  birds  pairing 
with  a  different  bird  when  its  previous  mate  was 
known  to  be  alive.  Eight  of  nine  pairs  that 
changed  mates  were  reproductively  successful  in 
their  breeding  attempt  preceding  the  mate  change 
on  Oahu.  The  chance  of  changing  mates  was 
related  to  one  partner  taking  a  year  off  and  not 
returning  to  the  colony  during  that  year  to  reaffirm 
the  pair  bond.  Five  of  nine  mate  changes  occurred 
when  one  mate  returned  to  the  colony  and  the 
other  did  not.  Five  of  the  nine  birds  found  a  new 
mate  and  nested  the  same  season  their  partner  did 
not  return,  and  four  skipped  1  year  before 
breeding  with  a  new  mate.  In  one  case  a  bird 
returned  to  its  original  mate  the  following  year 
despite  breeding  with  a  different  bird  while  its 
mate  was  absent. 

DISCUSSION 

In  1947  a  single  Laysan  Albatross  chick  was 
recorded  at  Moku  Manu  Islet  off  Oahu  (Fisher 
1948)  and  an  abandoned  egg  was  found  there  the 


following  year  (Richardson  and  Fisher  1950),  but 
it  wasn’t  until  1978  that  adults  began  regularly 
appearing  at  several  locations  around  the  island 
(Pyle  1978,  1986;  Pratt  1988).  Breeding  attempts 
that  began  in  1979  at  Kahuku  Point  were  not 
successful  due  to  predation  and  crushing  of  nests 
by  off-road  vehicles  (Eilerts  1987).  Laysan 
Albatross  colonies  on  Oahu  have  grown  rapidly 
since  the  first  chick  fledged  from  Kaena  Point 
NAR  in  1992.  This  success  has  been  made 
possible  by  protection  and  active  management  of 
nesting  areas,  particularly  exclusion  of  off-road 
vehicles  beginning  in  1991  and  control  of  alien 
predators  beginning  in  1995.  These  actions  have 
allowed  immigrating  birds  to  flourish  and  the 
colony  to  grow  despite  the  continual  threat  of 
predation,  introduced  diseases,  and  interference 
from  humans  (VanderWerf  et  al.  2005,  Young  and 
VanderWerf  2008).  .  ' 

A  social  attraction  project  using  decoys  and 
sound  recordings  began  in  1993  at  Kaohikaipu 
Island  off  Oahu’s  eastern  shore  in  an  attempt  to 
attract  Laysan  Albatross  to  nest  on  predator-free 
(and  people-free)  islets  (Borzik  et  al.  1995).  There 
were  no  breeding  attempts  and  the  project  was 
discontinued,  despite  visits  by  adults  during  the 
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project  with  the  sound  system  ceasing  to  function 
in  1995  (Kress  et  al.  1999)  and  removal  of  the 
decoys  in  March  2000.  Several  hundred  Laysan 
Albatross  were  banded  on  Oahu  during  the  social 
attraction  project  and  the  project’s  failure  was  not 
due  to  lack  of  birds  but,  perhaps,  because  of  some 
unsuitable  characteristic  of  Kaohikaipu. 

The  rapid  growth  of  these  colonies  cannot  be 
attributed  to  successful  local  reproduction  alone, 
because  the  total  number  of  chicks  fledged  from 
1992  to  2008  was  much  less  than  the  number  of 
recruits  arriving  at  the  colonies.  Some  birds 
hatched  on  Oahu  have  returned  to  their  natal  area 
and  begun  breeding,  but  a  much  larger  proportion 
of  new  breeders  originated  from  other  islands,  and 
the  female-biased  sex  ratio  in  the  colony  is  a 
byproduct  of  female-biased  immigration  (Young 
et  al.  2008).  Six  of  seven  band  recaptures  from 
birds  hatched  in  the  NWHI  and  now  present  on 
Oahu  were  from  Whale-skate  Island  in  French 
Frigate  Shoals,  which  disappeared  in  1997  after 
decades  of  erosion,  displacing  thousands  of  birds 
(Beth  Flint,  pers.  comm.).  It  is  possible  that 
colonization  events  were  initiated  across  the 
Pacific  as  the  result  of  displacement  of  albatross 
from  Whale-Skate  Island,  and  these  new  colonies 
now  attract  dispersing  birds  from  other  colonies  in 
the  NWHI  as  a  result  of  social  facilitation.  Three 
of  six  birds  from  Whale-skate  now  breeding  on 
Oahu  were  banded  as  chicks  within  1  day  of  each 
other  in  1992,  indicating  they  may  have  been 
traveling  as  a  cohort.  Traveling  as  a  cohort  has  not 
been  documented  in  this  species,  but  is  worth 
investigating  as  this  may  provide  insights  into 
colonization  mechanisms  in  this,  and  other, 
colonial  seabird  species. 

Recent  counts  of  Laysan  Albatross  at  Midway, 
Laysan,  and  Tern  islands  in  the  NWHI.  which 
account  for  ~93%  of  the  global  population,  have 
also  indicated  stable  or  growing  numbers  of 
breeding  birds  (Beth  Flint,  pers.  comm.);  the 
increase  on  Oahu  and  at  other  new  colonies  may 
be  related  to  this  growth.  Juvenile  dispersal  by 
Wandering  Albatross  ( Diomedea  exulans)  is 
density  dependent,  leading  to  higher  juvenile 
dispersal  when  local  population  density  is  high 
(Inchausti  and  Weimerskirch  2002).  Increases  at 
new  colonies  may  be  driven  by  juveniles  dispers¬ 
ing  from  high  density  nesting  colonies  in  the 
NWHI  if  a  similar  mechanism  is  functioning  in 
Laysan  Albatross.  Previous,  studies  of  Laysan 
Albatross  have  reported  high  natal  philopatry,  but 
these  early  studies  (Fisher  and  Fisher  1969)  could 


have  missed  immigration  or  emigration  because 
they  were  done  using  a  plot  design  within  large 
colonies,  and  did  not  track  the  fate  of  individuals 
that  left  the  plot.  The  exact  cause  of  the  range 
expansion  of  Laysan  Albatross  is  unknown,  but  a 
combination  of  factors  are  likely  responsible  for 
supplying  recruits  to  new  colonies. 

Adult  dispersal  was  also  documented  with  non¬ 
breeding  adults  regularly  visiting  other  colonies, 
at  times  several  times  daily  through  the  duration 
of  the  breeding  season;  breeding  adults  occasion¬ 
ally  switched  breeding  colonies  between  years. 
Up  to  10%  of  the  birds  observed  on  Oahu  any 
given  day  were  non-breeding  adults  visiting  from 
Kauai.  Moreover,  when  both  colonies  on  Oahu 
were  monitored  on  the  same  day,  1-2  individuals 
were  often  observed  at  both  sites.  The  same 
phenomenon  has  been  observed  on  Kauai,  where 
Oahu  non-breeding  birds  are  regularly  seen 
visiting  (Brenda  Zaun,  pers.  comm.).  One  adult 
banded  on  Oahu  at  1000  hrs  HST  on  14  January 
2006  was  observed  at  1600  hrs  HST  the  same  day 
at  Kilauea  Point  on  Kauai,  137  km  away  (Brenda 
Zaun,  pers.  comm.).  Another  individual  from 
Kauai  was  observed  on  Oahu,  and  then  at  Lehua 
Islet  73  km  west  of  Kauai  8  days  later.  Most  birds 
moving  among  colonies  are  non-breeders  and  are 
likely  to  be  young  individuals  searching  for  a 
breeding  site,  but  some  are  active  breeders  or 
birds  taking  a  year  off,  including  one  19-year  old 
adult  from  French  Frigate  Shoals  observed  at 
Kaena  Point  NAR  in  2008.  Each  year  on  Oahu,  1- 
2  breeding  pairs  switch  from  breeding  at  Kuao- 
kala  GMA  to  breeding  at  Kaena  Point  NAR  and 
vice  versa.  This  could  be  interpreted  as  low  site 
fidelity,  but  it  is  possible  the  birds  functionally 
treat  these  sites  as  a  single  colony  since  they  are 
within  sight  of  one  another.  These  observations 
support  the  hypothesis  that  Laysan  Albatross  are 
aware  of  nearby  colonies  and  regularly  visit  them 
to  gather  information  and  prospect  for  suitable 
breeding  sites  and/or  mates  as  has  been  reported 
for  other  seabirds  (Danchin  et  al.  1998). 

Observations  of  the  breeding  behavior  of 
Laysan  Albatross  on  Oahu  have  also  provided 
new  insights  into  this  species’  natural  history.  The 
high  rates  of  mate  change,  super-normal  clutches, 
and  same-sex  pairing  (Young  et  al.  2008) 
observed  on  Oahu  are  all  previously  unreported 
for  this  putatively  socially-monogamous,  single¬ 
egg  clutch  species.  The  14%  rate  of  mate 
changing  is  higher  than  the  9%  previously 
reported  for  this  species  (Fisher  1971,  1976). 


728 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  4,  December  2009 


Mate  change  in  previous  studies  was  reported  to 
be  associated  with  breeding  failure  (Fisher  1971, 
Bried  et  al.  2003),  but  this  was  not  true  on  Oahu 
where  the  chance  of  a  mate  change  appeared  to  be 
related  to  one  member  of  a  pair  taking  a  year  off 
when  the  other  returned  to  the  colony. 

There  were  several  observations  of  successful 
single-parent  nests  in  this  colony,  which  has  not 
been  reported  previously  in  this  species.  In  2006, 
when  a  female  was  killed  as  bycatch  by  a 
Taiwanese  long-lining  vessel,  the  male  partner 
successfully  fledged  the  week-old  chick  without 
assistance  from  his  mate.  Additionally,  in  2008, 
one  male  maintained  two  separate  nests  with  two 
different  females  and  successfully  fledged  both 
chicks  (which  accounts  for  the  odd  number  of  163 
breeding  birds).  These  observations  indicate  that  a 
single  parent  can  fledge  a  chick,  although  in  both 
cases  the  chicks  appeared  to  be  underweight  and 
were  the  last  to  fledge  from  the  colony.  These 
behaviors  have  also  been  observed  on  Kauai 
(Brenda  Zaun,  pers.  comm.),  indicating  they  are 
not  unique  to  Oahu,  but  typical  of  this  species’ 
natural  history. 

Regular  monitoring  that  included  census  of  all 
individuals  was  possible  due  to  the  small  size  and 
accessibility  of  the  Laysan  Albatross  colonies  on 
Oahu,  and  has  provided  natural  history  informa¬ 
tion  and  observations  on  this  species  that  are  not 
possible  in  larger,  less  accessible  colonies  (Young 
and  VanderWerf  2008,  Young  et  al.  2008). 
Estimation  of  reproductive  and  population  param¬ 
eters,  such  as  the  proportion  of  breeders  and  non¬ 
breeders,  is  more  feasible  for  the  small  population 
on  Oahu  than  in  larger  colonies  and  can  serve  as  a 
guideline  to  complement  the  monitoring  occurring 
at  other  colonies. 

The  return  of  nesting  Laysan  Albatross  and 
other  seabirds  to  the  main  Hawaiian  Islands  is  the 
result  of  years  of  predator  control  and  habitat 
restoration  projects  initiated  by  several  state  and 
federal  agencies.  Black-footed  Albatross  ( Phoe - 
bastria  nigripes)  and  1 1  other  species  of  seabirds 
have  been  observed  at  Kaena  Point  NAR  and, 
with  continued  habitat  restoration  and  mammalian 
predator  control,  some  of  these  species  may  re¬ 
colonize  the  main  Hawaiian  Islands.  A  predator- 
proof  fence  that  would  exclude  all  mammalian 
predators  is  now  in  the  planning  stages  for  Kaena 
Point  NAR,  which  will  result  in  improved 
protection  for  nesting  Laysan  Albatross,  thou¬ 
sands  of  nesting  Wedge-tailed  Shearwaters  (Puf- 
finus  pacificus),  and  1 1  federally  endangered  plant 


species  (Hawaii  Department  of  Land  and  Natural 
Resources  2007).  The  Laysan  Albatross  colonies 
at  Kaena  Point  NAR  and  Kuaokala  GMA  are 
small,  but  may  be  critically  important  for  the 
long-term  survival  of  the  species  because  they  are 
among  the  few  high  island  nesting  sites  that  may 
serve  as  refugia  should  projected  rises  in  sea  level 
inundate  primary  nesting  sites  in  the  Northwestern 
Hawaiian  Islands  (Baker  et  al.  2006).  Conserva¬ 
tion  efforts  should  continue  to  focus  on  protecting 
these  colonies. 
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GENETIC  DIFFERENTIATION  BETWEEN  SYMPATRIC  AND 
ALLOPATRIC  WINTERING  POPULATIONS  OF  SNOW  GEESE 

ELIZABETH  M.  HUMPHRIES,1-7  JEFFREY  L.  PETERS,1-5  JON  E.  JONSSON,2-6 
ROGER  STONE,3  ALAN  D.  AFTON,4  AND  KEVIN  E.  OMLAND1 

ABSTRACT. — Blackwater  National  Wildlife  Refuge  on  the  Delmarva  Peninsula,  Maryland,  USA  has  been  the  wintering 
area  of  a  small  population  of  Lesser  Snow  Geese  (Chen  caerulescens  caerulescens',  LSGO)  since  the  1930s.  Snow  Geese 
primarily  pair  in  wintering  areas  and  gene  flow  could  be  restricted  between  this  and  other  LSGO  wintering  populations. 
Winter  pair  formation  also  could  facilitate  interbreeding  with  sympatric  but  morphologically  differentiated  Greater  Snow 
Geese  (C.  c.  atlantica',  GSGO).We  sequenced  658  bp  of  the  mitochondrial  DNA  control  region  for  68  Snow  Geese  from 
East  Coast  and  Louisiana  wintering  populations  to  examine  the  level  of  genetic  differentiation  among  populations  and 
subspecies.  We  found  no  evidence  for  genetic  differentiation  between  LSGO  populations  but,  consistent  with 
morphological  differences,  LSGO  and  GSGO  were  significantly  differentiated.  We  also  found  a  lack  of  genetic 
differentiation  between  different  LSGO  morphotypes  from  Louisiana.  We  examined  available  banding  data  and  found  the 
breeding  range  of  Delmarva  LSGO  overlaps  extensively  with  LSGO  that  winter  in  Louisiana,  and  documented  movements 
between  wintering  populations.  Our  results  suggest  the  Delmarva  population  of  LSGO  is  not  a  unique  population  unit  apart 
from  Mid-Continent  Snow  Geese.  Received  30  August  2007.  Accepted  23  September  2008. 


A  small  population  of  Lesser  Snow  Geese 
(Chen  caerulescens  caerulescens',  LSGO)  has 
been  wintering  on  the  Delmarva  Peninsula  on 
the  east  coast  of  the  United  States,  mostly  at 
Blackwater  National  Wildlife  Refuge  (NWR), 
Maryland  since  the  1930s  (Bellrose  1976). 
Historically,  LSGO  were  migrants  in  the  Pacific 
Flyway  and  the  Mid-Continent  Region  (Central 
and  Mississippi  flyways)  of  North  America,  and 
wintered  from  the  Mississippi  River  west  to 
California.  Snow  Geese  that  historically  wintered 
in  the  Atlantic  Flyway  were  a  distinct  subspecies, 
the  Greater  Snow  Goose  (C.  c.  atlantica',  GSGO) 
(Mowbray  et  al.  2000).  Colonization  of  the 
Atlantic  Flyway  by  LSGO  may  have  two 
important  consequences.  First,  the  Delmarva 
LSGO  may  constitute  a  unique  population  unit  if 
gene  flow  is  restricted  between  this  and  other 
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LSGO  populations.  Second,  recent  secondary 
contact  between  LSGO  and  GSGO  may  facilitate 
interbreeding  between  these  subspecies. 

Information  concerning  the  genetic  identity  of 
LSGO  on  the  Delmarva  Peninsula  is  important 
because  a  plan  to  increase  the  harvest  rate  of 
Snow  Geese  in  the  Atlantic  Flyway  has  been 
implemented.  The  plan  is  intended  to  direct 
actions  to  control  the  continental  GSGO  popula¬ 
tion,  which  has  been  steadily  increasing  since  the 
1960s  (Reed  et  al.  1998).  As  the  population  has 
grown,  increased  grazing  pressure  has  resulted  in 
severe  marsh  erosion  and  a  decline  in  the  quality 
of  local  wintering  areas  (Smith  and  Odum  1981, 
Giroux  et  al.  1998).  A  higher  harvest  rate  could 
help  stabilize  the  population  at  1,000,000  birds  or 
fewer  and  prevent  further  degradation  of  staging 
and  wintering  areas.  The  Mid-continent  LSGO 
population  also  has  increased  during  the  last 
40  years  and  has  been  subjected  to  liberalized 
harvest  rates  (Ankney  1996,  Rockwell  et  al. 
1997).  If  Delmarva  LSGO  are  genetically  distinct 
from  other  LSGO,  waterfowl  managers  may 
desire  to  treat  them  as  a  unique  management  unit 
(Moritz  1994)  with  separate  population  goals.  - 

Genetic  differentiation  in  mitochorfdrial  DNA 
(mtDNA)  has  been  observed  among  breeding 
populations  of  LSGO  (Quinn  1992,  Weckstein  et 
al.  2002).  The  Delmarva  LSGO  population  breeds 
along  Hudson  Bay  where  its  range  overlaps  with 
LSGO  that  winter  in  Louisiana  and  Texas  (the 
Mid-Continent  Population)  (Bellrose  1976). 
These  wintering  populations  likely  share  breeding 
areas  and  genetic  differentiation  might  not  be 
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expected.  Pair  formation  primarily  occurs  in 
wintering  areas  (Cooke  1987,  McKinney  1992, 
Mowbray  et  al.  2000.  Ganter  et  al.  2005),  and  this 
behavior  could  restrict  gene  flow  and  genetically 
isolate  Delmarva  LSGO  from  other  wintering 
populations  (Robertson  and  Cooke  1999). 

The  founder  event  in  the  1930s,  when  the 
Delmarva  LSGO  winter  population  became  es¬ 
tablished,  also  could  have  contributed  to  popula¬ 
tion  differentiation.  The  original  founders  likely 
carried  a  subset  of  the  total  genetic  diversity  in  the 
Mid-Continent  Region;  restricted  gene  flow  and 
genetic  drift  could  have  caused  further  loss  of 
genetic  diversity,  resulting  in  genetic  differentia¬ 
tion  between  Mid-Continent  and  Atlantic  Flyway 
wintering  populations.  Thus,  the  Delmarva  LSGO 
population  might  exhibit  low  genetic  diversity 
relative  to  Mid-Continent  LSGO. 

The  close  proximity  of  LSGO  and  GSGO 
(hereafter  East  Coast  GSGO)  wintering  in  Delmarva 
could  facilitate  interbreeding  between  the  two 
morphologically  differentiated  subspecies  and  result 
in  genetic  homogenization  (Rhymer  and  Simberloff 
1996).  GSGO  generally  are  larger  than  LSGO  and 
frequencies  of  plumage-color  phases  differ  between 
subspecies.  LSGO  are  either  a  white-  or  blue-phase; 
blue-phase  are  common  in  Louisiana  and  Maryland 
(~  50%)  but  are  rarer  in  western  states.  GSGO 
usually  are  white-phase  (Bellrose  1976,  Cooke 
1987,  Avise  et  al.  1992,  Mundy  et  al.  2004).  Avise 
et  al.  (1992)  found  that  LSGO  and  GSGO  shared 
two  distinct  mtDNA  clades  (both  clades  also  were 
shared  with  the  Snow  Goose’s  sister  species,  the 
Ross’s  Goose  [Chen  rossii ]).  Avise  et  al.  (1992) 
found  a  lack  of  genetic  differentiation  between 
subspecies  and  among  populations  of  LSGO. 
However,  direct  sequencing  of  mtDNA  revealed 
significant  differentiation  among  LSGO  populations 
(Quinn  1992,  Weckstein  et  al.  2002).  Sequence  data 
previously  were  not  available  for  GSGO  and  a 
comparison  of  mtDNA  sequences  between  LSGO 
and  GSGO  would  contribute  to  better  understanding 
genetic  differentiation  between  these  subspecies. 

Alisauskas  (1998)  documented  that  different 
morphotypes  of  Mid-Continent  LSGO  used  dif¬ 
ferent  habitats  (Jonsson  2005,  Jonsson  and  Afton 
2006).  Geese  feeding  in  coastal  marshes  had 
overall  larger  body  sizes  than  did  those  feeding  in 
rice-prairies  (hereafter  rice  and  coastal  LSGO). 
Whether  these  morphotypes  are  genetically  dif¬ 
ferentiated  is  not  known. 

Our  objective  was  to  ascertain  whether  LSGO 
from  the  Delmarva  Peninsula  represent  a  distinct 


population  from  Mid-Continental  LSGO  and 
sympatric  GSGO,  and  constitute  a  unique  popu¬ 
lation  unit.  We  analyzed  mitochondrial  DNA 
sequences  to  test  for  genetic  differences  between 
these  groups.  We  also  tested  for  genetic  differen¬ 
tiation  between  Louisiana  LSGO  morphotypes. 
Finally,  we  examined  banding  data  to  (1)  identify 
the  extent  of  breeding  range  overlap  between 
Delmarva  and  Louisiana  Snow  Geese,  and  (2) 
search  for  evidence  of  movements  between 
Delmarva  and  other  wintering  areas. 

METHODS 

Sample  Collection. — We  sampled  foot-webbing 
from  wintering  LSGO  and  GSGO  ( n  =  28  geese) 
at  Blackwater  NWR  in  Maryland  (Fig.  1).  We 
sampled  foot-webbing  from  rice  prairie  LSGO  in 
the  vicinity  of  Cameron  Prairie  NWR  and  coastal 
marsh  LSGO  from  Rockefeller  State  Wildlife 
Refuge  ( n  =  20  geese)  in  Louisiana.  We  collected 
muscle  samples  from  hunter-harvested  GSGO  at 
Chincoteague  NWR  and  Back  Bay  NWR  in 
Virginia,  and  from  Bombay  Hook  NWR  in 
Delaware  (n  =  19  geese).  Gender  of  individuals 
was  assigned  either  by  cloacal  examination 
(Hochbaum  1942)  or  by  amplifying  chromosomes 
following  Kahn  et  al.  (1998). 

Morphology. — We  measured  culmen  length, 
head  length,  total  tarsus  length,  and  flattened 
wing  length  for  each  goose  following  Dzubin  and 
Cooch  (1992).  We  compared  morphometries  of 
adult  geese  from  Blackwater  NWR  with  adult 
LSGO  (4  males,  4  females)  from  Louisiana  and 
with  adult  GSGO  from  the  east  coast  (exclusive  of 
Blackwater  NWR).  We  compared  our  measure¬ 
ments  to  previously  published  measurements  of 
LSGO  and  GSGO  (Alisauskas  1998,  Mowbray  et 
al.  2000).  We  classified  an  individual  as  LSGO  if 
all'  measurements  were  within  the  range  of 
measurements  from  Louisiana  LSGO  and/or 
within  the  standard  deviations  reported  in  Ali¬ 
sauskas  (1998).  All  geese  consistently  larger  than 
known  LSGO  and  within  the  range  of  the 
published  GSGO  morphometries  (Mowbray  et 
al.  2000)  were  classified  as  GSGO.  Individuals, 
that  had  some  size  measurements  that  grouped 
with  LSGO  but  others  that  grouped  with  GSGO 
were  classified  as  unknowns  in  our  analysis. 

Genetics. — We  extracted  DNA  from  tissue 
samples  using  the  DNeasy  Tissue  Kit  (Qiagen, 
Valencia,  CA,  USA).  We  amplified  a  658  bp 
fragment  of  the  mtDNA  control  region  using 
primers  L78  and  H774  (Sorenson  and  Fleischer 
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FIG.  1.  Banding  and  recovery  locations  (circles  and  squares)  and  sample  sizes  (ellipses)  for  genetic  comparisons  of 
Snow  Geese.  Circles  indicate  Snow  Geese  banded  during  the  breeding  season  recovered  on  the  Delmarva  Peninsula  (gray  = 
LSGO,  white  =  GSGO)  or  Louisiana  (black).  Squares  indicate  banding  or  recovery  points  of  LSGO  also  observed  in 
Delmarva.  The  question  mark  indicated  an  LSGO  that  was  banded  in  California  and  recovered  in  Maryland,  although  the 
exact  recovery  location  was  not  reported. 


1996,  Sorenson  et  al.  1999).  PCR  products  were 
sequenced  in  both  directions  using  these  primers. 
Both  PCR  and  cycle-sequencing  followed  the 
protocols  of  McCracken  et  al.  (2001).  We 
sequenced  products  on  an  ABI  3100  automated 
sequencer  (Applied  Biosystems  Inc.,  Foster  City, 
CA,  USA)  and  aligned  sequences  using  Se- 
quencher  sequence  analysis  software  (Genecodes 
Corporation  Inc.,  Ann  Arbor,  MI,  USA).  All 
sequences  were  submitted  to  GenBank  (accession 
numbers  FJ905228-FJ905294).  We  compared  our 
sequences  to  published  mtDNA  control  region 
sequences  and  to  a  Snow  Goose  nuclear  copy 
(GenBank  accession  number  M95434;  Quinn 
1992)  to  ensure  that  we  amplified  mtDNA  and 
not  a  homologous  nuclear  copy. 


We  constructed  haplotype  networks  to  illustrate 
phylogenetic  relationships  among  Snow  Goose 
haplotypes  using  the  median  joining  algorithm  in 
Network  v.4.1  (Bandelt  et  al.  1999).  The  level  of 
differentiation  among  populations  and  subspe¬ 
cies  was  examined  by  calculating  pairwise  ®ST 
and  conventional  FST  between  all  groups  in 
Arlequin  v.  3.01  (Excoffier  et  al.  2005).  We  also 
calculated  SNN  (nearest-neighbor  statistic;  Hud¬ 
son  2000)  among  populations.  SNN  estimates 
how  frequently  similar  pairs  of  sequences  come 
from  the  same  population;  this  statistic  has  more 
power  than  other  tests  of  genetic  differentiation 
when  sample  sizes  are  small  (Hudson  2000).  We 
pooled  geese  for  these  tests  of  genetic  differen¬ 
tiation  into  four  groups:  Louisiana  LSGO, 
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Delmarva  LSGO,  GSGO,  and  “unknown” 
subspecies  status. 

Banding  Data  Analysis. — We  obtained  avail¬ 
able  band  recovery  data  for  Delmarva  LSGO  from 
the  Bird  Banding  Laboratory  (USGS,  Bird 
Banding  Laboratory,  Laurel,  MD,  USA);  24 
records  were  obtained  of  LSGO  that  were  either 
banded  or  recovered  on  the  Delmarva  Peninsula. 
Fourteen  individuals  were  banded  in  July  or  early- 
August  and  likely  represented  birds  banded  on  or 
near  their  breeding  areas.  We  also  obtained 
records  of  4,740  LSGO  and  1,328  GSGO  that 
were  banded  on  or  near  their  breeding  sites  and 
recovered  in  Louisiana  (LSGO)  and  Delmarva 
(GSGO),  respectively. 

RESULTS 

Morphology. — Culmen  length,  head  length,  and 
flattened  wing  length  were  informative  of  subspe¬ 
cies  designation  (Fig.  2).  Total  tarsus  length 
overlapped  substantially  between  Louisiana  LSGO 
and  East  Coast  GSGO  and  was  not  used  (data  not 
shown).  We  classified  five  (both  blue-  and  white- 
phase)  geese  from  Blackwater  NWR  and  a  blue- 
phase  goose  from  Chincoteague  NWR  as  LSGO 
based  on  these  measurements  (Fig.  2).  Twelve 
geese  from  Blackwater  NWR  were  classified  as 
GSGO  because  they  were  comparable  in  size  to 
GSGO  from  other  locations  and  consistently  larger 
than  LSGO  (Fig.  2).  We  classified  nine  Blackwater 
NWR  geese  and  three  other  Atlantic  Fly  way  geese 
as  unknown.  We  also  designated  two  blue-phase 
geese  from  Blackwater  NWR,  for  which  size 
measurements  were  not  available,  as  LSGO 
(plumage  color  and  a  visual  qualitative  assessment 
of  body  size  suggested  they  were  LSGO). 

Genetics. — We  found  12  different  haplotypes 
that  clustered  into  two  distinct  mitochondrial 
clades.  Within  Clade  A,  60.0%  of  Delmarva 
LSGO,  86.7%  of  Louisiana  LSGO,  and  81.8%  of 
GSGO  shared  a  common  haplotype.  Clade  B 
haplotypes  that  were  common  in  LSGO  were  rare 
in  GSGO,  and  haplotypes  common  in  GSGO  were 
absent  in  LSGO.  Haplotypes  common  in  GSGO 
also  were  common  in  the  unknown  group. 

All  pairwise  <5ST  were  non-significant  (Ta¬ 
ble  1)  indicating  that  nucleotide  diversity  did  not 
differ  among  populations  or  subspecies.  Pairwise 
F'St  between  LSGO  and  GSGO  populations  were 
positive  (although  non-significant),  whereas  the 
pairwise  FST  between  LSGO  populations  was 
negative  and  non-significant  (Table  1).  SNN 
values  were  small  and  significant  (P  <  0.05)  for 


all  comparisons  between  LSGO  and  GSGO. 
Comparisons  between  populations  of  the  same 
subspecies  resulted  in  SNN  values  that  were  larger 
and  non-significant  (Table  1).  The  12  “un¬ 
known”  individuals  were  well  differentiated  from 
both  LSGO  populations,  but  similar  to  GSGO.  We 
also  compared  the  rice  and  coastal  Louisiana 
LSGO  and  found  these  morphotypes  did  not  differ 
significantly  for  any  measures  of  differentiation. 

Banding  Data. — Five  of  14  LSGO  banded  in 
breeding  areas  and  subsequently  recovered  on 
Delmarva  were  banded  on  the  south  coast  of 
Hudson/St.  James  Bay,  six  were  banded  on  the 
west  coast  of  Hudson  Bay,  two  were  banded  along 
Queen  Maud  Gulf,  and  one  was  banded  on  Baffin 
Island  (Fig.  1).  The  remaining  six  LSGO  recov¬ 
ered  on  Delmarva  were  banded  during  the 
nonbreeding  season  at  locations  south  of  their 
normal  breeding  range  (Fig.  1);  the  four  individ¬ 
uals  banded  on  Delmarva  also  were  recovered  at 
different  locations  during  the  nonbreeding  season. 
One  individual  banded  in  New  Mexico  was 
recovered  on  Delmarva  and  an  individual  banded 
in  California  was  recovered  in  Maryland  (latitude 
and  longitude  coordinates  were  not  reported  for 
this  recovery),  indicating  movements  occur  be¬ 
tween  wintering  populations. 

DISCUSSION 

The  available  banding  and  genetic  data  suggest 
that  Delmarva  LSGO  are  not  a  unique  population 
unit.  First,  Delmarva  LSGO  were  not  genetically 
differentiated  in  mtDNA  from  Louisiana  LSGO. 
Second,  banding  data  suggest  that  LSGO  that 
winter  in  Delmarva  breed  in  several  different 
colonies  and  overlap  with  LSGO  from  other 
wintering  populations  (e.g.,  Louisiana).  Third, 
movement  was  documented  between  widely 
disjunct  wintering  populations.  These  results 
suggest  that  connectivity  between  wintering 
populations  of  LSGO  has  prevented  population 
differentiation;  Johnson  (1996)  also  observed  that 
a  small  percentage  of  LSGO  moved  between 
Byways  over  different  winters  and  within  the 
same  winter.  However,  Delmarva  LSGO  were 
moderately  differentiated  from  sympatric  GSGO, 
which  is  consistent  with  observed  morphological 
differences  and  subspecies  designations. 

Delmarva  LSGO  and  Blackwater  GSGO  are 
sympatric  in  winter  (and  could  form  pairs),  but  we 
suspect  there  is  only  limited  interbreeding  be¬ 
tween  subspecies  (e.g.,  Ankney  1975).  We  found 
a  Blue  Goose  that  was  more  similar  in  size  to 
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FIG.  2.  Snow  Goose  morphometries:  flattened  wing  length,  culmen  length,  and  head  length.  Squares  represent  geese 
that  were  consistently  within  the  LSGO  size  range,  and  circles  represent  geese  that  were  consistently  within  the  GSGO 
range.  Triangles  denote  geese  that  had  some  measurements  consistent  with  both  LSGO  and  GSGO  or  that  were  ambiguous 
(i.e.,  within  the  gray  region);  these  individuals  were  treated  as  “unknowns”.  Shaded  shapes  represent  blue-morph  geese. 
The  measurements  from  Alisauskas  (1998)  represent  geese  populations  in  three  different  wintering  habitats  from  2 
different  years. 


Humphries  et  al.  •  GENETIC  DIFFERENTIATION  IN  SNOW  GEESE 


735 


TABLE  1.  Pairwise  <I>ST,  FST ,  and  SNN  values  among 
populations  and  subspecies  of  Snow  Geese.  *  indicates 
strong  differentiation  between  pairs  ( P  <  0.05);  ** 
indicates  significant  differentiation  after  a  Bonferroni 
correction  for  six  pairwise  comparisons  (critical  P  =  0.008). 

Pairwise  comparison 

0>ST 

Fst  Snn 

Delmarva  LSGO 

Louisiana  LSGO 

-0.041 

-0.021  0.600 

Eastern  GSGO 

-0.060 

0.080  0.753** 

Eastern  Unknown 

-0.046 

0.085  0.717* 

Louisiana  LSGO 

Eastern  GSGO 

-0.007 

0.063*  0.650** 

Eastern  Unknown 

-0.055 

0.040  0.674* 

Eastern  GSGO 

Eastern  Unknown 

-0.041 

-0.049  0.513 

GSGO  than  to  LSGO,  and  a  LSGO  recovered  in 
Delmarva  was  banded  within  the  GSGO  breeding 
range  supporting  some  level  of  interbreeding.  We 
also  found  several  individuals  having  some  size 
measurements  consistent  with  GSGO  and  others 
more  similar  to  LSGO.  A  hybrid  ancestry  might 
explain  these  intermediate  phenotypes,  but  size 
measurements  overlap  between  subspecies  and  are 
not  conclusively  diagnostic  (Cooke  et  al.  1995). 
Individuals  with  intermediate  phenotypes  were 
genetically  more  similar  to  GSGO;  five  unknown 
individuals  had  mtDNA  haplotypes  shared  exclu¬ 
sively  with  GSGO,  whereas  seven  individuals  had 
the  most  common  haplotype  that  was  shared  with 
both  subspecies.  This  genetic  similarity  suggests 
these  unknowns  mostly  are  small-bodied  GSGO 
or  are  descendant  from  pairings  between  female 
GSGO  and  male  LSGO  because  mtDNA  is 
maternally  inherited.  Nuclear  markers  are  needed 
to  test  the  identity  of  our  unknown  geese. 

We  observed  two  flocks  of  Snow  Geese  in 
Blackwater  NWR  during  sample  collection.  One 
flock  was  predominately  white  morphs  and  our 
morphological  measurements  indicated  this  flock 
primarily  consisted  of  GSGO  (only  1  of  33 
individuals  captured  from  this  flock  was  morpho¬ 
logically  more  similar  to  LSGO);  this  is  the  first 
documentation  of  GSGO  using  Blackwater  NWR. 
The  other  flock  was  ~50%  blue-morphs  (Roger 
Stone,  pers.  obs.),  and  five  of  six  Blue  Geese  from 
Delmarva  that  we  measured  were  more  similar  in 
size  to  LSGO.  These  observations  suggest  that 
intermixing  between  flocks  is  limited,  although 
further  observations,  ideally  from  breeding  areas, 
are  needed. 


We  found  the  two  morphs  in  Louisiana  did  not 
exhibit  differences  in  mtDNA,  i.e.,  rice  and 
coastal  LSGO  were  genetically  similar,  despite 
significant  differences  in  morphology  (Alisauskas 
1998,  Jonsson  2005).  Consistent  with  this  lack  of 
differentiation,  Jonsson  (2005)  found  that  LSGO 
move  between  the  two  habitats  and  that  both 
morphotypes  have  been  observed  at  the  same 
breeding  location  (Karrak  Lake,  Nunavut);  thus, 
rice  and  coastal  LSGO  have  frequent  opportuni¬ 
ties  to  pair.  Currently,  there  is  limited  support  for 
a  hypothesis  of  separate  populations  because 
movements  between  habitats  occurred  and  birds 
from  both  habitats  frequently  were  observed 
within  the  same  flocks  (Jonsson  2005).  One 
untested  hypothesis  is  that  the  different  morphs 
result  from  nutritional  differences  between  habitat 
types  (Alisauskas  1998). 

Snow  Geese  have  two  distinct  clades  of 
mtDNA  haplotypes  that  are  shared  between 
subspecies  and  with  Ross’s  Geese  (A vise  et  al. 
1992,  Weckstein  et  al.  2002).  Avise  et  al.  (1992) 
proposed  two  hypotheses  for  this  shared  polymor¬ 
phism:  (1)  interspecific  hybridization,  and  (2) 
retained  ancestral  polymorphism.  Weckstein  et  al. 
(2002)  argued  that  interspecific  hybridization  was 
the  more  likely  reason  for  the  shared  clades  on  the 
basis  of  documented  hybridization  between  LSGO 
and  Ross’s  Geese.  However,  the  ancestral  poly¬ 
morphism  hypothesis  also  is  consistent  with  the 
data.  For  example,  LSGO  and  GSGO  only  shared 
two  haplotypes,  and  both  were  common  and  at 
internal  positions  within  the  haplotype  network, 
suggesting  they  were  ancestral  (Castelloe  and 
Templeton  1994).  These  two  haplotypes  also  were 
shared  with  Ross’s  Geese  sampled  by  Weckstein 
et  al.  (2002).  In  contrast,  derived  haplotypes  were 
subspecies-specific,  including  two  high  frequency 
haplotypes  in  GSGO  (haplotypes  9b  and  9c; 
Fig.  3).  This  pattern  is  consistent  with  an 
intermediate  stage  of  divergence  described  by 
Omland  et  al.  (2006)  in  which  older,  ancestral 
haplotypes  were  shared  between  taxa  whereas 
recently  derived  haplotypes  were  unique  to  a 
single  taxon  (a  pattern  they  termed  “neotypy”). 
Conclusively  rejecting  either  the  hybridization 
hypothesis  or  the  ancestral  polymorphism  hypoth¬ 
esis  is  not  possible  with  current  data,  and  may 
require  analyses  of  nuclear  DNA  (Peters  et  al. 
2007). 

Population  genetic  studies  often  use  <J>St  to 
examine  the  level  of  genetic  differentiation 
because  this  measure  considers  the  relatedness 
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FIG.  3.  Haplotype  network  illustrating  phylogenetic  relationships  among  mtDNA  control  region  sequences.  The  area  of 
the  circle  is  proportional  to  the  number  of  individuals  having  that  haplotype.  Sampling  locations  and  sample  sizes  are  given 
for  each  haplotype;  DM  =  Delmarva,  RP  =  rice  prairie,  CM  =  coastal  marsh,  BW  =  Blackwater,  BB  =  Back  Bay,  CH  = 
Chincoteague,  BM  =  Bombay  Hook.  Each  haplotype  is  assigned  a  number  based  on  which  178  bp  Quinn  (1992)  haplotype 
it  matches;  the  lowercase  letter  after  the  number  refers  to  variation  in  the  additional  480  bp  sequenced.  Haplotypes  27-29 
are  unique  to  our  study. 


of  haplotypes  (Excoffier  et  al.  1992).  In  contrast, 
conventional  FST  only  considers  haplotype  fre¬ 
quencies.  We  found  that  all  pairwise  comparisons 
resulted  in  negative  ®ST  (i.e.,  no  population 
differentiation),  but  both  FSt  and  SNN  suggested 
the  LSGO  and  GSGO  populations  are  genetically 
differentiated  (although  only  the  SNN  values  were 
significant).  It  is  likely  the  deep  genetic  diver¬ 
gence  between  clades  A  and  B  contributed 
disproportionately  to  within  population  variation 
and  lowered  the  power  of  tests  using  <J>SX  (Peters 
and  Omland  2007).  Benedict  et  al.  (2003)  found  a 
similar  pattern  of  two  deeply  divergent  clades 
when  examining  genetic  differentiation  between 
eastern  and  western  subspecies  of  Sage-grouse 
( Centrocercus  urophasianus  urophasianus  and  C. 
u.  phaios,  respectively)  and  suggested  that 


weighting  haplotypes  in  such  a  situation  adds 
more  noise  than  signal.  Conventional  FST  and  SNN 
may  be  more  powerful  statistics  for  evaluating 
genetic  differentiation  when  deeply  divergent 
clades  are  shared  between  taxa. 

Mitochondrial  DNA  suggests  that  sympatric 
LSGO  and  GSGO  are  genetically  differentiated. 
Our  results  and  those  of  Johnson  (1996)  suggest 
some  level  of  connectivity  between  disjunct 
wintering  populations  of  LSGO  despite  knowl¬ 
edge  that  Snow  Geese  primarily  form  pairs  during 
winter.  Delmarva’s  LSGO  population  seemingly 
does  not  constitute  a  unique  population  unit 
separate  from  Mid-Continental  geese.  However, 
larger  sample  sizes  are  needed  to  better  estimate 
the  magnitude  of  connectivity  among  wintering 
populations.  Nuclear  DNA  is  needed  to  obtain 


Humphries  et  al.  •  GENETIC  DIFFERENTIATION  IN  SNOW  GEESE 


737 


overall  estimates  of  population  connectivity 
(mtDNA  is  maternally  inherited  and  reflects  only 
female  dispersal),  and  to  better  evaluate  the 
likelihood  of  interbreeding  between  LSGO  and 
GSGO.  Nuclear  data  also  are  needed  to  better 
understand  why  species  and  subspecies  of  the 
white-goose  complex  share  deeply  divergent 
mtDNA  lineages.  Further  study  of  population 
genetics  in  the  white-goose  complex  would 
provide  an  opportunity  to  better  understand  the 
importance  of  differing  morphology  and  breeding 
versus  non-breeding  discontinuity  on  population 
differentiation  and  species  divergence. 
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MALE/FEMALE  CLASSIFICATION  OF  THE  PERUVIAN  BOOBY 

CARLOS  B.  ZAVALAGA,1’5  SCOTT  A.  TAYLOR,2  GIACOMO  DELL’OMO,3 
DAVID  J.  ANDERSON,4  AND  VICKI  L.  FRIESEN2 


ABSTRACT. — We  studied  adult  Peruvian  Boobies  ( Sula  variegata )  on  two  islands  in  northern  Peru  to  classify  males  and 
females  using  DNA-based  techniques.  We  used  this  information  to  (1)  assess  the  extent  of  size  dimorphism  in  this  species, 
(2)  identify  males  and  females  using  discriminant  functions  of  external  characters,  and  (3)  validate  use  of  voice  as  a  reliable 
method  for  identifying  male  and  female  Peruvian  Boobies  in  the  field.  Female  Peruvian  Boobies  were  19%  heavier  and 
their  culmens  and  wings  were  3  and  4%  larger  than  males,  respectively.  A  discriminant  function  that  included  body  weight 
and  wing  chord  correctly  classified  90%  of  the  birds.  Alternatively,  88%  of  correct  identification  of  males  and  females  was 
obtained  with  a  function  that  incorporated  only  wing  chord.  Whistles  were  performed  exclusively  by  males  (25/25  of  cases), 
whereas  grunts  or  goose-like  honk  vocalizations  were  performed  only  by  females  (24/24  of  cases).  The  female-larger  size 
dimorphism  of  Peruvian  Boobies  is  intermediate  in  comparison  to  other  Sula  boobies.  Calls  and  biometry  provide  a  fast, 
reliable,  and  inexpensive  method  for  classifying  most  adult  Peruvian  Boobies  as  males  or  females  in  the  field.  We 
recommend  a  hierarchical  system  for  classification  of  male  and  female  Peruvian  Boobies:  (1)  use  of  vocalizations,  (2)  use 
of  body  weight  and  wing  chord  when  the  bird  did  not  vocalize  and  was  weighed  immediately  after  daybreak  or  before  the 
first  feeding  trip  of  the  day,  and  (3)  use  of  wing  chord  only  when  there  is  uncertainty  in  temporal  variations  of  body  weight. 
Received  29  January  2009.  Accepted  20  June  2009. 


Most  seabird  species  do  not  display  male/ 
female-specific  differences  in  coloration  of  exter¬ 
nal  features  such  as  plumage,  feet,  or  secondary 
ornaments  (Harrison  1983,  Redman  et  al.  2002, 
Gaston  2004,  Ropert-Coudert  et  al.  2005)  making 
recognition  of  males  and  females  by  field 
biologists  difficult.  Seabirds  exhibit  a  wide  range 
of  size  dimorphism  that  includes  male-  (males  > 
females)  and  female-biased  (females  >  males) 
species  (Fairbairn  and  Shine  1993,  Serrano- 
Meneses  and  Szekely  2006).  The  disparity  of  size 
between  females  and  males  in  several  seabird  taxa 
has  allowed  classification  using  discriminant 
functions  of  external  characteristics.  Discriminant 
analysis  uses  morphometric  differences  between 
known  males  and  females  to  calculate  a  linear 
function  that  predicts  correct  classification  of 
unknown  individuals.  This  method  is  reliable  and 
accurate  in  species  with  a  high  to  moderate 
dimorphism  (Bedard  et  al.  1995,  Zavalaga  and 
Paredes  1997,  Torlaschi  et  al.  2000,  Devlin  et  al. 
2004).  Male/female-specific  calls  have  also  been 
used  for  classification  in  monomorphic  birds 
(Carlson  and  Trost  1992,  Price  2003,  Volodin  et 
al.  2003).  The  dimorphic  vocalizations  in  some 
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species  of  nocturnal  Procellariiformes  including 
shearwaters  (Brook  1988,  Bourgeois  et  al.  2007) 
and  storm  petrels  (Taoka  and  Okumura  1990)  are 
clear  to  the  human  ear  allowing  individuals  to  be 
reliably  classified  as  males  or  females  in  the  field 
(James  and  Robertson  1985). 

Size  dimorphism  varies  widely  among  the  10 
extant  species  of  the  Sulidae  (boobies  and 
gannets).  The  three  species  of  gannets  ( Moms 
spp.)  and  their  close  relative  Abbott’s  Booby 
(Papasula  abbotti)  are  nearly  monomorphic, 
whereas  female  Sula  boobies  are  10-38%  heavier 
than  males  (Nelson  1978).  Despite  the  marked 
morphological  differentiation  in  boobies,  there  are 
no  quantitative  studies  for  identification  of  males 
and  females  based  on  external  characters.  Dimor¬ 
phic  calls  such  as  high-pitched  whistles  in  males 
and  loud  trumpet-like  honks  in  females,  have  been 
recognized  in  five  species  of  boobies  (Nelson 
1978).  Acoustic  signaling  has  been  used  to 
identify  male  and  female  Nazca  ( S .  grand). 
Masked  (S.  dactylatra),  and  Blue-footed  ( S . 
nebouxii)  boobies  in  the  field  (Anderson  1993, 
Velando  and  Alonso-Alvarez  2003,  Zavalaga  et 
al.  2007),  but  this  criterion  has'  not  been  verified  in 
Brown  ( S .  leucogaster )  and  Peruvian  boobies  (S. 
variegata). 

Little  information  exists  regarding  male/fe- 
male-related  morphometry  of  Peruvian  Boobies. 
Murphy  (1936),  based  on  data  from  14  males  and 
nine  females,  reported  the  bill,  wing,  tail,  and 
tarsus  were  4—5%  larger  in  females.  The  only 
information  on  body  weight  disparity  comes  from 
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comparison  of  four  known-gender  adults,  where 
females  were  14%  heavier  than  males  (Nelson 
1978).  The  calls  of  Peruvian  Boobies  appears  to 
differ  (males  whistle  and  females  grunt),  although 
the  pitch  intensity  and  amplitude  of  the  calls  is 
less  marked  than  in  some  other  booby  species 
(Nelson  1978). 

Our  objectives  were  to:  (1)  identify  male  and 
female  adult  Peruvian  Boobies  using  a  DNA- 
based  technique,  (2)  assess  the  extent  of  size 
dimorphism  between  males  and  females,  (3) 
provide  discriminant  functions  of  external  char¬ 
acters  to  identify  males  and  females,  and  (4) 
validate  use  of  voice  as  a  reliable  method  for 
classifying  males  and  females  Peruvian  Boobies 
in  the  field. 

METHODS 

We  studied  Peruvian  Boobies  on  two  islands  in 
northern  Peru:  Lobos  de  Tierra  (6°  24'  S,  80°  51' 
W)  between  22  and  30  December  2006  and  Lobos 
de  Afuera  (6°  57'  S,  80°  41'  W)  between  10  and 
17  December  2007.  Lobos  de  Tierra  is  65  km 
north  of  Lobos  de  Afuera  and  we  pooled  the  data 
from  the  two  islands. 

Captures  and  Measurements. — We  captured  14 
and  35  birds  on  Lobos  de  Tierra  and  Lobos  de 
Afuera,  respectively.  Peruvian  Boobies  on  the 
Lobos  islands  nested  in  dense  groups  (~2  nests/ 
mr)  of  100-3,000  nests.  We  selected  birds  rearing 
medium-size  chicks  and  removed  them  from  their 
nests  using  a  hook  attached  to  a  3-m  pole,  placed 
gently  around  their  necks.  We  qualitatively 
assessed  calls  before,  during,  and  after  restraining 
as  either  of  two  types:  whistles  or  grunts. 
Morphological  characteristics  measured  were 
body  weight  (BW)  recorded  early  in  the  morning 
(0530-0800  hrs),  which  represented  the  minimum 
daily  weight,  culmen  length  (CL)  was  the 
diagonal  distance  from  the  tip  to  the  base  of  the 
culmen,  and  natural  wing  chord  (WC)  from  the 
bend  in  the  wrist  to  the  tip  of  the  longest  primary 
without  flattening  the  wing.  Birds  were  weighed 
with  a  Pesola®  spring  scale  to  the  nearest  25  g. 
The  exposed  culmen  was  measured  with  calipers 
(accuracy  of  0.01  mm),  whereas  wing  chord  was 
measured  with  a  stopping  wing  ruler  (accuracy 
1  mm).  Measurements  were  performed  by  the 
same  person  (CBZ)  throughout.  We  obtained 
three  drops  of  blood  from  the  brachial  vein  of 
each  individual  using  a  lancet.  These  were 
absorbed  on  filter  paper  and  stored  in  vials  in 
70%  ethanol.  This  entire  procedure  took  less  than 


5  min  per  individual.  Blood  samples  are  archived 
at  Queen’s  University,  Ontario,  Canada. 

DNA  Analysis. — We  extracted  DNA  from  blood 
using  a  standard  proteinase-K  phenol/chloroform 
technique  (Friesen  et  al.  1996).  Males  and  females 
were  identified  using  primers  2550F  and  2178R 
developed  by  Fridolfsson  and  Ellegren  (1999). 
Fragments  of  two  lengths  were  amplified  from 
female  DNA  (females  are  heterogametic)  and 
fragments  of  a  single  length  were  amplified  from 
male  DNA.  PCR  amplifications  were  conducted 
in  25  gL  of  a  cocktail  containing  10  mM  Tris 
pH  8.0,  3.5  mM  MgCl2,  0.4  pM  of  each  primer, 
50  mM  KC1,  0.2  mM  dNTPs,  and  0.5  units  of  Taq 
DNA  polymerase  (Qiagen  Inc.,  Mississauga,  ON, 
Canada).  The  temperature  profile  consisted  of  an 
initial  denaturization  period  at  94°  C  for  3  min 
followed  by  annealing  for  1  min  at  47°  C  and 
extension  for  90  sec  at  72°  C.  This  was  followed 
by  34  cycles  of  94°  C  for  45  sec,  annealing  at  47° 
C  for  1  min  and  extension  at  72°  C  for  90  sec. 
PCR  products  were  subjected  to  electrophoresis 
and  visualized  on  2%  agarose  gels.  All  samples 
were  analyzed  without  knowledge  of  the  suspect¬ 
ed  gender  of  the  bird. 

Statistical  Analyses. — We  used  r-tests  for  male/ 
female-specific  comparisons  of  mean  values  of 
morphological  characters.  We  measured  the 
magnitude  of  the  difference  in  the  mean  morpho¬ 
logical  measurement  between  females  and  males 
by  calculating  a  dimorphism  index  as  DI  =  100  X 
(F-M)/F  (Greenwood  2003).  Multivariate  statis¬ 
tics  were  conducted  using  SAS  Version  9.1 
statistical  software  (SAS  Institute  2004).  The 
stepwise  discriminant  procedure  (PROC  STEP- 
DISC)  was  applied  to  select  the  variables  (BW, 
CL,  and  WC)  that  had  significant  influence  on 
classification  of  males  and  females.  An  F-test  of 
Wilks’  lambda  value  was  used  as  a  criterion  to 
enter  the  variable  contributing  the  most  or  to 
remove  the  variable  contributing  the  least  dis¬ 
criminatory  power  to  the  model  (i.e.,  the  variable 
caused  a  significant  reduction  in  Wilks’  lambda). 
The  equality  of  group  covariance  matrices  (a 
requirement  of  discriminant  analysis)  was  tested 
with  Box’s  M-test  (Manly  2005).  A  discriminant 
analysis  procedure  (PROC  DISCRIM)  was  used 
to  calculate  discriminant  functions  after  identify¬ 
ing  variables  that  contributed  to  the  model. 
Individuals  were  classified  as  females  or  males 
on  the  basis  of  the  discriminant  score  (D).  The 
percentage  of  correct  classification  was  calculated 
by  a  cross-validation  or  jackknife  procedure 
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TABLE  1.  Differences  in  morphological  characters  of  breeding  Peruvian  Boobies  on  isla  Lobos  de  Tierra  (n  =  14)  and 
Lobos  de  Afuera  (n  =  35),  Peru.  Mean  ±  SD,  range  in  parentheses,  and  95%  confidence  interval  in  brackets.  DI  = 
difference  in  percentage  (F-M)/M  X  100,  where  F  is  female  measurement  and  M  is  male  measurement. 

Females  ( n  =  24) 

Males  ( n  =  25) 

DI  (%) 

f-test 

P 

Body  weight  (g) 

1543  ±  105  (1300-1675) 
[1499-1587] 

1290  ±  75  (1200-1450) 
[1259-1321] 

19 

9.65 

<0.001 

Culmen  length  (cm) 

9.61  ±  0.25  (9.19-10.14) 
[9.50-9.72] 

9.18  ±  0.34  (8.47-9.94) 
[9.04-9.32] 

4 

4.95 

<0.001 

Wing  chord  (cm) 

40.25  ±  0.57  (39.1—4-1.5) 
[40.49^40.01] 

39.0  ±  0.68  (38.0-40.-5) 
[39.28-38.72] 

3 

7.03 

<0.001 

(PROC  DISCRIM  CROSS  VALID  ATE),  i.e.,  by 
repeating  the  analyses  leaving  out  a  single  bird 
each  time  (leave-out-one  test)  and  then  classifying 
that  individual  using  the  function  derived  from  the 
remaining  birds  (Phillips  and  Furness  1997, 
Chardine  2002,  Devlin  et  al.  2004).  The  posterior 
probability  (PP)  of  membership  of  each  bird  (the 
probability  that  an  individual  with  a  particular 
value  of  D  is,  or  is  not,  likely  to  be  a  female  or 
male)  was  calculated  using  SAS  (PROC  DIS¬ 
CRIM)  following  Bayes’  Rule.  The  calculated 
values  of  PP  and  D  for  each  bird  were  then  fitted 
to  a  logistic  curve: 


1  +  exp(/:D  — c) 

where  k  and  c  are  constants  calculated  using  the 
non-linear  procedure  (PROC  NLIN).  This  func¬ 
tion  allowed  calculation  of  cut-off  values  for 
discriminant  scores  that  had  50%  or  higher 
probabilities  to  classify  an  adult  as  a  female  or 
male.  This  function  can  calculate  the  level  of 
classification  accuracy  of  an  individual  for  any 
given  D  score. 

We  performed  a  stepwise  discriminant  proce¬ 
dure  including  onlyculmen  and  wing  length  in  the 
analysis  to  create  a  function  that  could  be  used  to 
classify  adult  males  and  females  caught  at 
different  times  of  the  day  and  seasons.  Signifi¬ 
cance  levels  were  set  at  P  <  0.05. 

RESULTS 

Peruvian  Boobies  captured  on  Lobos  de  Tierra 
and  Lobos  de  Afuera  islands  comprised  nine 
males  and  five  females,  and  16  males  and  19 
females,  respectively,  based  on  DNA  analysis. 

External  Measurements  and  Discriminant  Anal¬ 
ysis. — Female  Peruvian  Boobies  were  19%  heavi¬ 
er  and  their  culmens  and  wings  were  3  and  4% 
larger  than  males,  respectively  (Table  1).  There 
was  low  overlap  between  measurements  of  the 


three  characteristics  of  females  and  males  as 
evidenced  by  95%  confidence  intervals  (Table  1). 

Stepwise  discriminant  analysis  selected  only 
body  weight  and  wing  chord  as  variables  that  best 
classified  males  and  females  (Wilks’  lambda  = 
0.29,  £  =  56.8,  df  =  2,  P  <  0.001;  Box’s  M  = 
5.089,  F  =  1.62,  P  =  0.18)  following  the 
unstandardized  linear  equation: 

Di  =  —  122  +  0.02643(BW) 

Function  la 

+  2.1288(WC). 


All  boobies  with  discriminant  score  <—0.21  were 
classified  as  males  and  >—0.21  as  females  when 
the  posterior  probability  was  set  at  0.5  (Function 
lb).  There  was  low  overlap  between  males  and 
females  (Fig.  2).  The  leave-one-out  test  correctly 
classified  90%  of  the  birds  using  Function  la. 
Once  the  discriminant  score  of  an  unknown  bird 
was  calculated  with  Function  la,  the  posterior 
probability  of  classification  for  any  D  value  could 
be  obtained  using  the  equation: 


PP,= 


1 

1  + exp  (1.0002D, +0.2103)' 


Functionlb 


Boobies  could  be  classified  as  males  or  females  if 
D,  <  —1.308  and  D]  >  0.88,  respectively,  when 
the  posterior  probability  was  set  at  PP[  >  0.75  in 
Function  lb  (Fig.  1).  The  correct  classification 
was  88%  when  PPt  for  either  group  was  >0.75. 

The  second  discriminant  function,  when  body 
weight  was  excluded  from  the  analysis,  that  best 
separated  males  and  females  included  only  wing 
chord  (Wilks’  Lambda  =  0.49,  £  =  33.3,  df  =  1, 
P  <  0.001 ;  Box’s  M  =  0.76,  F  =  0.74,  P  =  0.39): 

D2  -  -  1 26  +  3 .200 1 7  ( WC) .  Function2a 


The  cut-off  point  for  correct  classification  of 
males  and  females  when  the  posterior  probability 
of  each  was  0.5  was  0.8134.  The  cross  validation 


742 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  4,  December  2009 


FIG.  1 .  Posterior  probability  of  being  male  based  on  body  weight  and  wing  chord  of  24  female  and  25  male  Peruvian 
Boobies  from  islas  Lobos  de  Tierra  and  Lobos  de  Afuera.  Peru.  All  boobies  with  discriminant  score  £—0.21  were  classified 
as  males  and  a— 0.21  as  females  when  the  posterior  probability  was  set  at  0.5  (solid  line).  The  dashed  lines  indicate  the  cut¬ 
off  values  of  —1.308  and  0.88  when  the  posterior  probability  of  being  a  male  was  set  at  0.75  and  0.25,  respectively. 


method  correctly  classified  88%  of  the  individu¬ 
als.  The  relationship  between  the  posterior 
probability  (PP)  of  membership  and  the  discrim¬ 
inant  score  (D)  of  Function  2a  was  described  by 
the  equation: 


PP2 


1 

F+ exp  (0.9999D2-0.8134) 


Funclion2b 


Boobies  with  D2  ^  —0.2831  were  classified  as 
males  and  D2  S  1.9169  as  females  if  the  posterior 
probability  of  being  males  or  females  was  set  at 
0.75.  Assigning  males  and  females  using  Function 
2b  resulted  in  the  correct  classification  of  80% 
when  the  PP2  of  either  group  was  greater  than 
0.75  (the  classification  of  birds  with  —0.2831  < 
D2  £  1.9169  was  uncertain). 


FIG.  2.  Discriminant  function  on  the  basis  of  body  weight  and  wing  chord  of  24  female  and  25  male  Peruvian  Boobies 
from  islas  Lobos  de  Tierra  and  Lobos  de  Afuera,  Peru.  The  line  is  represented  by  the  equation  —0.21  =  — 122  + 
0.02643(body  weight  in  g)  +  2.1288(wing  chord  in  cm).  All  birds  above  the  line  were  classified  as  females. 
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Vocalizations. — Calls  unequivocally  identified 
male  and  female  adult  Peruvian  Boobies.  Whistles 
were  performed  exclusively  by  males  (25/25  of 
cases),  whereas  grunts  or  goose-like  honk  vocal¬ 
izations  were  performed  only  by  females  (24/24 
of  cases). 

DISCUSSION 

We  confirmed  that  calls  provide  a  fast,  reliable, 
and  inexpensive  method  for  classifying  male  and 
female  adult  Peruvian  Boobies  in  the  field.  The 
marked  difference  in  voice  between  males  and 
females  is  unmistakable  and  easily  recognizable 
by  the  human  ear:  high-pitched  whistles  in  males, 
louder  trumpet-like  grunts  in  females.  We  also 
observed  that  the  male/female-specific  difference 
in  sounds  was  maintained  in  different  displays 
described  in  this  species:  saluting,  wing  flailing, 
jabbing,  yes-headshaking,  and  sky-pointing  (Nel¬ 
son  1978).  Dimorphic  calls  are  also  given  by 
Blue-footed,  Masked,  Brown,  and  Nazca  boobies 
(Anderson  1993,  Zavalaga  et  al.  2007),  but  call 
differences  are  ambiguous  (at  least  to  the  human 
ear)  in  Red-footed  ( Sula  sula )  and  Abbott’s 
boobies,  and  the  three  species  of  gannets  (Nelson 
1978).  This  inter-specific  pattern  of  vocalizations 
is  in  accord  with  the  molecular  phylogeny  of 
sulids,  where  the  five  species  of  boobies  with 
distinct  vocal  sexual  differences  are  more  closely 
related  to  each  other  than  to  Red-footed  or 
Abbott’s  boobies,  or  the  three  species  of  gannets 
(Friesen  and  Anderson  1997).  The  proximate 
explanation  for  the  sexually  dimorphic  calls  is 
the  anatomical  difference  of  the  syrinx  between 
adult  males  and  females  (Murphy  1936). 

The  Peruvian  Booby  is  a  relatively  small  sulid, 
only  slightly  larger  than  Brown  and  Red-footed 
boobies  (Nelson  1978).  The  extent  of  dimorphism 
of  Peruvian  Boobies  is  intermediate  between  the 
highly  dimorphic  Blue-footed  and  Brown  boobies, 
and  the  less  dimorphic  Nazca,  Masked,  and  Red¬ 
footed  boobies.  The  disparity  in  size  of  Peruvian 
Boobies  on  the  Lobos  Islands  was  sufficiently 
large  to  separate  males  and  females  in  90%  of  the 
cases  by  simultaneously  using  body  weight  and 
wing  chord.  However,  diurnal  fluctuation  of 
individual  body  weight  can  significantly  decrease 
the  accuracy  of  correct  classification,  particularly 
in  breeding  Peruvian  Boobies  that  feed  more  than 
once  during  daylight  hours  (Duffy  1987).  We 
weighed  all  individuals  minutes  after  daybreak 
(before  the  first  feeding  trip)  when  body  weight  is 
likely  at  the  minimum  value  of  the  day.  A 


discriminant  function  using  only  wing  chord 
correctly  classified  88%  of  the  individuals  and 
can  be  used  as  an  alternative  when  birds  are 
weighed  at  other  times  during  the  day.  Regional 
variation  in  biometry  occurs  in  several  species  of 
sulids  (Nelson  1978,  Ropert-Coudert  et  al.  2005). 
There  are  no  significant  genetic  differences 
between  Peruvian  Booby  populations  in  northern 
and  central  Peru  (SAT,  unpubl.  data),  but  the 
accuracy  of  our  discriminant  equations  may  not 
necessarily  be  the  same  for  locations  farther  south. 

We  recommend  the  following  hierarchical 
system  of  classification  for  male  and  female 
Peruvian  Boobies  in  the  field:  (1)  use  vocaliza¬ 
tions,  (2)  use  Function  la  when  the  bird  did  not 
vocalize  and  was  weighed  immediately  after 
daybreak  or  before  the  first  feeding  trip  of  the 
day,  and  (3)  use  Function  2a  when  there  is 
uncertainty  in  the  temporal  variations  of  body 
weight. 
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ABSTRACT. — We  recorded  62  bird  species  on  Clarion  Island,  Mexico  (Revillagigedo  Archipelago,  Pacific  Ocean) 
during  1998-2006,  eight  of  which  breed  there,  52  are  considered  non-breeders,  and  breeding  is  likely  but  unconfirmed  for 
the  Red-billed  Tropicbird  (Phaethon  aethereus),  Nazca  Booby  ( Sula  granti),  and  an  unidentified  shearwater.  Thirty  species 
are  new  for  the  island.  A  census  of  the  Clarion  Burrowing  Owl  ( Athene  cunicularia  rostrata)  in  2002/03  suggested  a 
maximum  total  population  of  —850  pairs.  At  least  46  pairs  of  Laysan  Albatrosses  ( Phoebastria  immutabilis)  bred  in  2002/ 
03,  but  the  species  experienced  total  breeding  failure  during  our  study.  This  result  was  unexpected  because  feral  pigs  ( Sus 
scrofa)  were  successfully  eradicated  from  Clarion  by  2002;  endemic  Clarion  Ravens  ( Corvus  corax  clarionensis),  an 
endemic  snake  (Clarion  Racer,  Masticophis  anthonyi ),  and  an  unidentified  ant  were  associated  with  egg  and  hatchling 
failures.  A  small  colony  of  an  unidentified  shearwater  could  be  a  recolonization  by  the  endemic  and  Critically  Endangered 
Townsend’s  Shearwater  ( (Puffinus  auricularis )  or  Wedge-tailed  Shearwater  (P.  pacificus ),  which  has  not  been  recorded  for 
Clarion  Island.  Received  27  October  2008.  Accepted  7  June  2009. 


The  Revillagigedo  Archipelago  (Pacific  Ocean, 
Mexico)  consists  of  four  islands:  Socorro,  Clarion, 
San  Benedicto,  and  Roca  Partida  (listed  in 
descending  size,  Fig.  1 :  inset).  The  Archipelago  is 
regionally  and  globally  important  for  seabirds  with 
12  breeding  species,  including  the  endemic  and 
Critically  Endangered  Townsend’s  Shearwater 
(Pufftnus  auricularis)  (Howell  and  Webb  1990, 
Santaella  and  Sada  1991,  Pitman  and  Ballance 
2002).  There  are  four  species  of  landbirds  that 
breed  on  Clarion  Island,  all  endemic  at  the  species 
or  subspecies  level:  Clarion  Mourning  Dove 
(Zenaida  macroura  clarionensis ),  Clarion  Burrow¬ 
ing  Owl  ( Athene  cunicularia  rostrata)  Clarion 
Wren  ( Troglodytes  tanneri),  and  Clarion  Raven 
( Corvus  corax  clarionensis).  Jehl  and  Parkes  (1981) 
mentioned  that  Clarion  had  received  relatively  little 
research  attention,  and  that  situation  continues. 

Many  of  our  observations  were  collected  while 
the  authors  (RMW,  AA,  BSK,  JM)  worked  on  a 
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project  to  eradicate  sheep  (Ovis  aries),  pigs  (Sus 
scrofa),  and  European  rabbits  (Oryctolagus  cun- 
niculus)  from  the  island.  The  objective  of  this 
paper  is  to  update  the  status  of  the  birds  of  Clarion 
Island  based  on  our  visits  to  the  island  between 
1998  and  2006.  We  present  assessments  of  the 
population  status  of  the  native  species,  discuss 
species  for  which  breeding  is  likely  but  uncon¬ 
firmed,  and  provide  a  list  of  visiting  bird  species 
we  recorded. 

METHODS 

Clarion  Island  (18°  2L  N,  114°  44'  W)  in  the 
Pacific  Ocean  is  the  second  largest  island 
(—2,000  ha)  of  the  Revillagigedo  Archipelago, 
Mexico  (Fig.  1).  It  is  Mexico’s  most  distant 
island,  lying  985  km  west  of  the  mainland  and 
710  km  southwest  of  the  Baja  California  Penin¬ 
sula.  The  vegetation  is  dominated  by  grasses  and 
short  herbaceous  plants,  and  there  is  no  permanent 
human  settlement.  A  permanent  Mexican  naval 
garrison  was  established  there  in  1979.  Our  visits 
were  irregular,  and  usually  in  the  course  of  other 
investigations.  Thus,  bird  observations  were 
opportunistic  with  the  exception  of  2002/2003 
when  more  thorough  studies  were  performed.  We 
visited  Clarion  on  the  following  dates:  JKJ,  4-20 
March  1998;  JKJ,  6  February-6  April  1999;  BSK, 
5-7  November  2000;  AA,  JM,  and  RMW,  24 
November  2002-3  February  2003;  JKJ,  19 
February-19  April  2006. 

Introduced  Mammal  Surveys. — Together  with 
hunters  from  Grupo  Ecologfa  y  Conservation  de 
Islas  A.  C.  (GECI),  AA,  JM,  and  RMW  searched 
the  entire  island  on  several  occasions  in  2002/03 
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FIG.  1 .  Clarion  Island,  Mexico,  in  the  Revillagigedo  Archipelago  (inset).  Dots  on  the  main  map  indicate  locations  of  all 
46  Laysan  Albatross  nests  found  on  Clarion  in  2002/2003.  Shaded  areas  indicate  former  breeding  sites  of  Townsend’s 
Shearwater  (Martmez-Gomez  and  Jacobsen  2004)  and  X  indicates  the  position  of  the  unidentified  shearwater  colony. 


for  sheep  and  pigs  or  fresh  signs  of  them.  Work 
towards  eradicating  rabbits  started  in  2001  and 
ended  in  2003  after  AA,  JM,  and  RMW  had  left 
Clarion. 

Seabirds. — AA,  JM,  and  RMW  also  searched 
opportunistically  for  albatross  nests  and  shearwater 
burrows  (including  specific  locations  where  they 
were  known  to  have  bred)  during  invasive  mammal 
management  operations.  All  albatross  and  shear¬ 
water  nest  locations  were  recorded  with  a  Garmin 
“E-trex”  Global  Positioning  System  unit  and 
plotted  on  a  digital  map  of  Clarion  (Fig.  1).  We 
checked  Laysan  Albatross  ( Phoebastria  immut- 
abilis)  nests  periodically  in  2002/03  from  egg- 
laying  until  —day  60  of  incubation  and  then  every 
2-4  days.  Observations  of  other  seabirds  on  the 
island  were  made  opportunistically. 

Clarion  Burrowing  Owl. — Densities  of  this 
species  were  estimated  in  2003  by  playback  of 
territorial  calls  recorded  with  a  Sennheizer 
MK300  directional  microphone  and  a  Sony 
TCM  40DV  cassette  recorder.  We  checked  the 
distance  over  which  the  playback  was  effective  on 
a  windless  night  by  approaching  known  burrows 


and  measuring  the  distance  from  the  burrow  at 
which  birds  responded.  We  followed  birds  back  to 
their  burrows  to  ensure  that  territorial  birds  had 
responded.  We  used  playback  on  1  February  2003 
along  5  km  of  road  through  mostly  open,  grass 
habitat,  playing  the  territorial  call  at  constant 
volume  every  200  m  (25  locations). 

Visiting  Birds. — Opportunistic  searches  were 
made  for  landbirds,  and  a  seasonal,  brackish  pond 
was  surveyed  at  irregular  intervals  in  1999,  2000, 
2002/03,  and  2006.  The  Sibley  and  National 
Geographic  field  guides  (National  Geographic 
Society  1999,  Sibley  2000)  were  consulted  for 
field  identification  and,  when  possible,  digital 
photographs  were  taken  using  a  Nikon  Coolpix 
2500. 

RESULTS 

Introduced  Mammals. — No  pigs  or  sheep  were 
seen,  nor  were  any  fresh  signs  (prints,  rooted 
areas,  scats,  etc.)  found  in  2002  or  thereafter.  We 
concluded  the  introduced  pigs  and  sheep  were 
successfully  eradicated  from  Clarion.  The  rabbit 
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eradication  attempt  was  unsuccessful  and  they 
persist  on  Clarion. 

Birds  on  Clarion  Island. — We  recorded  63  bird 
species  on  Clarion  Island,  of  which  55  were 
visitors  or  no  breeding  was  confirmed  (Table  1), 
while  eight  were  previously  known  to  breed  on 
the  island  (Table  2).  Thirty  species  are  new 
records  for  the  island  (Table  1).  The  sighting  of 
a  Coccyzus  cuckoo  (possibly  a  Mangrove  Cuckoo 
[C.  minor],  seen  on  28  December  2002)  represents 
a  new  order  of  birds  for  the  Archipelago.  All 
records  of  non-breeding  species  were  recorded 
(Table  1),  and  the  annotated  list  includes  only 
native  species  and  species  for  which  additional 
relevant  information  exists. 

Laysan  Albatross. — We  observed  adults  incu¬ 
bating  eggs  or  attending  empty  nests  in  1999  and 
2006.  At  least  46  pairs  bred  in  2002/3  on  Clarion. 
However,  by  the  end  of  February  all  nests  had 
failed.  Fifteen  of  41  nests  that  were  regularly 
checked  (34%)  failed  during  incubation.  The 
number  and  rate  of  failure  increased  dramatically 
(26  failures,  56%)  for  the  brief  period  (no  more 
than  a  week)  during  and  immediately  after 
hatching  -  none  of  17  chicks  seen  in  the  process 
of  hatching  was  alive  at  the  next  check.  The  mean 
interval  between  checks  was  2.9  ±  1 .5  days.  The 
reason(s)  for  the  majority  of  failures  remains 
unknown.  However,  we  recorded  two  species 
preying  upon  albatross  hatchlings/eggs.  Clarion 
Ravens  mobbed  and  harassed  nesting  Red-footed 
Boobies  ( Sula  sula)  and  Laysan  Albatrosses  and 
ate  any  unattended  eggs.  The  endemic  Clarion 
Racer  ( Masticophis  anthonyi )  was  also  observed 
depredating  albatross  nests.  We  disturbed  a  snake 
starting  to  consume  a  chick  (presumed  to  have 
been  in  the  process  of  hatching)  that  it  had  pulled 
from  beneath  the  incubating  parent.  An  unidenti¬ 
fied  ant  species  was  associated  with  Laysan 
Albatross  hatchling  mortalities  on  two  occasions. 
In  the  first  instance,  ants  were  found  swarming 
over  a  dead  chick.  The  second  case  involved  ants 
swarming  over  a  moribund  chick  in  the  process  of 
hatching,  the  following  day  the  nest  was  empty. 
We  could  not  be  sure  the  ants  caused  or 
contributed  significantly  to  the  failures  in  either 
instance. 

Shearwater  species  ( Puffinus  spp.). — We  dis¬ 
covered  a  small,  inactive  colony  (—10  burrows) 
on  the  crest  of  southern  coastal  cliffs  in  2002  that 
were  unlike  rabbit  or  Burrowing  Owl  burrows, 
and  appeared  to  belong  to  shearwaters.  In  March 
2003,  shortly  after  .we  left  the  island,  a  GECI 


employee  visited  the  colony  at  night,  heard  birds 
calling  and  removed  a  shearwater  from  inside  one 
of  the  burrows.  The  species  was  not  definitively 
identified,  but  the  verbal  account  was  compelling 
that  it  was  not  Townsend’s  Shearwater  and  we 
suspect  it  was  a  Wedge-tailed  Shearwater  ( Puffi¬ 
nus  pacificus).  Specifically,  the  description  of 
calls  did  not  match  that  of  the  distinctive,  panting 
“Uh-hoo  Uh-hoo”  calls  that  Townsend’s  Shear¬ 
water  make  around  colonies  (AA,  JKJ,  and  RMW, 
pers.  obs.)  ,  and  the  bird  that  was  handled  was 
described  as  being  ‘a  brown  bird’,  whereas 
Townsend’s  Shearwater  is  boldly  dark  black- 
brown  and  white. 

Townsend’s  Shearwater. — Presumed  extirpat¬ 
ed.  Historically  bred  in  dense  colonies  in  upland 
areas  of  Clarion  (Fig.  1),  and  it  is  unlikely  that  a 
population  remains  on  coastal  cliffs  inaccessible 
to  pigs  and  humans. 

Red-billed  Tropicbird  ( Phaethon  aethereus). — 
Previously  recorded  on  Clarion,  but  no  breeding 
records  exist  and  we  found  no  nests  during  our 
visits.  However,  this  species  usually  breeds  on 
cliffs  (del  Hoyo  et  al.  1992)  making  nests  difficult 
to  find.  It  was  seen  annually,  flying  around  the 
island  and  displaying  near  cliffs  that  provide 
potential  nest  habitat  protected  from  pigs.  We 
suspect  breeding  occurs  on  Clarion,  but  confir¬ 
mation  is  needed. 

Masked  Booby  ( Sula  dactylatra ). — This  species 
bred  singly  or  in  colonies  of  up  to  —20  pairs  and 
numbered  no  more  than  a  few  100  pairs.  Colonies 
changed  considerably  from  year  to  year  in  size 
and  location  (JKJ,  pers.  obs.).  Birds  were 
photographed  incubating  eggs  and  brooding 
downy  chicks  in  December  2002. 

Nazca  Booby  ( S .  grand). — One  pair  was 
observed  at  a  nest  scrape  (but  no  eggs  or  chicks 
present)  in  1999  and  a  single  bird  was  paired  with 
a  Masked  Booby  in  2006,  also  without  eggs  or 
chicks.  These  represent  a  new  distribution  record 
for  the  island  and  suggest  that  breeding  is 
possible.  However,  AA  and  RMW  specifically 
searched  for  Nazca  Booby  in  2002/03  and  found 
none.  Brown  ( S .  leucogaster)  and  Blue-footed  ( S . 
nebouxii)  boobies  have  not  been  recorded  in 
recent  visits. 

Red-footed  Booby. — This  species  was  breeding 
in  2002/03  in  several  colonies  of  lOs-lOOs.  We 
estimated  —2,000  pairs  restricted  to  areas  in  the 
east  of  the  island  where  dense  stands  of  suitable 
nesting  trees/bushes  were  found.  Eggs  were  being 
incubated  when  we  visited  colonies  in  December 
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2002,  but  birds  appeared  to  be  easily  disturbed; 
Clarion  Ravens  were  present,  and  no  further 
observations  were  made. 

Clarion  Burrowing  Owl. — This  species  re¬ 
sponded  strongly  and  immediately  to  playback, 
and  came  to  investigate  the  source  of  the  call. 
Birds  responded  at  distances  of  100-150  m  from 
their  burrows  during  the  calibration  assessment. 
There  were  no  responses  at  eight  of  25  points,  and 
at  least  one  pair  responded  at  two  stations.  Sixteen 
territories  were  intersected  over  a  5-km  linear 
transect,  equating  to  an  average  of  a  new  territory 
every  ~300  m.  Assuming  approximately  circular 
territories  (average  size  0.02  km2)  and  constant 
density  across  the  island,  we  estimate  the  breeding 
population  was  —850  pairs  in  2003,  equivalent  to 
—42  pairs/km2. 

DISCUSSION 

The  disastrous  consequences  for  seabirds  of  ill- 
considered  and  accidental  introductions  of  mam¬ 
mal  species  to  islands  are  legion  (e.g.,  Moors  and 
Atkinson  1984,  Wanless  et  al.  2007).  Introduced 
mammals  on  Mexican  Pacific  islands  alone  are 
responsible  for  extinction  (Guadalupe  Storm- 
Petrel  [ Oceanodroma  macrodactyla ]  on  Guada¬ 
lupe  Island),  local  extirpations  (e.g..  Black-vented 
Shearwater  [Puffinus  opisthomelas ]  from  several 
locations  off  Baja  California)  and  dramatic 
population  declines  (e.g.,  Townsend’s  Shearwater 
on  Socorro  Island)  (Jehl  and  Parkes  1983,  Jehl 
1984,  Jehl  and  Everett  1985,  McChesney  and 
Tershy  1998,  Martinez-Gomez  and  Jacobsen 
2004).  Pigs,  sheep,  and  rabbits  were  introduced 
to  Clarion  Island  some  time  between  1979  and 
1986.  Our  inability  to  find  any  Townsend’s 
Shearwater  burrows  in  2002/03,  despite  intensive 
searches  over  1 1  weeks  and  traversing  the  entire 
island  several  times,  suggests  that  pigs  had 
extirpated  Townsend’s  Shearwater  by  1998  (Ever¬ 
ett  1988,  Howell  and  Webb  1989,  Martinez- 
Gomez  and  Jacobsen  2004,  this  study).  This  is 
especially  worrisome,  given  that  cats  ( Fells  catus) 
threaten  what  is  possibly  the  only  remaining 
breeding  population  on  Socorro  Island  (Martinez- 
Gomez  and  Jacobsen  2004),  although  a  small 
population  may  have  survived  the  volcanic 
eruption  on  San  Benedicto  Island  (Pitman  and 
Ballance  2002,  Martinez-Gomez  and  Jacobsen 
2004). 

The  Wedge-tailed  Shearwater  is  an  abundant, 
pan-tropical  seabird  (Brooke  2004)  and  breeds  on 
San  Benedicto  Island.  The  absence  of  previous 


records  of  this  species  for  Clarion  Island  (at  sea  or 
on  land)  is  probably  an  oversight.  Given  that  birds 
(apparently  of  this  species)  were  calling  in  the 
area  and  present  in  burrows  at  the  same  time 
(Mar)  that  Wedge-tailed  Shearwaters  on  San 
Benedicto  start  breeding,  it  seems  probable  this 
species  has  colonized  Clarion.  This  merits  further 
investigation.  Other  seabird  species  appear  to 
have  persisted  on  Clarion,  including  a  small  and 
recently  established  population  of  Laysan  Alba¬ 
tross,  first  recorded  breeding  on  Clarion  in  1988 
(Howell  and  Webb  1989).  The  impacts  of  the  pigs 
on  the  breeding  albatrosses  and  boobies  are 
unknown,  but  we  have  no  reason  to  assume  they 
were  different  from  impacts  of  feral  pigs  on 
seabirds  reported  elsewhere  (e.g.,  Baber  and 
Coblentz  1987,  Fraser  et  al.  1988,  Barrett  and 
Birmingham  1994,  Cruz  et  al.  2005)  and,  thus, 
predation  of  adults,  chicks,  and  eggs  is  probable. 
However,  albatrosses  and  boobies  persisted  as 
breeding  species  on  Clarion. 

That  Laysan  Albatrosses  on  Clarion  Island 
experienced  zero  breeding  success  after  removal 
of  pigs  was  unexpected,  especially  given  that 
ground-nesting  Masked  Boobies  did  not  have 
equivalent  impacts  in  2002/03.  Ravens  contribut¬ 
ed  to  the  failure  rate  of  albatross  nests  during 
incubation,  and  possibly  during  early  brooding 
(cf.  ravens  on  San  Benedicto,  Pitman  and 
Ballance  2002).  The  Clarion  Racer  is  a  generalist 
and  opportunistic  predator  (Brattstrom  1955),  and 
this  is  the  first  record  of  it  depredating  seabird 
nests  (Wanless  and  Angel,  2007).  However, 
Slevin  (1926)  recorded  the  snake  seemed  more 
abundant  around  seabird  colonies,  which  moots  a 
possible  evolutionary  history  of  depredating 
seabird  nests.  The  negative  impacts  of  the  Clarion 
Racer  and  the  unidentified  ants  on  albatross  and 
other  seabirds  on  Clarion  Island  may  be  signifi¬ 
cant  and  is  worthy  of  additional  study.  Specifi¬ 
cally,  the  apparent  immunity  of  boobies  to  nest 
depredation  could  serve  as  a  useful  comparison 
for  the  albatross. 

The  impact  of  rabbits  on  snake  and  raven 
densities  (both  predators  on  Clarion  Island)  and 
the  cascade  effects  on  nesting  seabirds  may  not  be 
trivial  and  additional  research  is  needed.  An 
assessment  to  define  the  optimum  strategy  to 
eradicate  rabbits  is  also  required,  incorporating 
lessons  learned  during  the  unsuccessful  eradica¬ 
tion  program  conducted  using  traditional  tech¬ 
niques  such  as  trapping  and  hunting. 

The  four  endemic  species/subspecies  of  land 
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TABLE  1 .  New  and  additional  records  of  bird  species  recorded  in 
new  record,  P  =  species  recorded  previously.  “Seen”  and  “>1” 
not  recorded. 

five  visits  to  Clarion  Island  from  1998  to  2006.  N  = 
denote  sightings  where  number  of  individuals  was 

Common  name 

Species  name 

Status 

1998 

1999 

2000 

2002/03 

2006 

White-fronted  Goose 

Anser  albifrons 

N 

i 

Canada  Goose 

Branta  canadensis 

N 

i 

Mallard 

Anas  platyrhynchos 

N 

i 

Blue-winged  Teal 

A.  disc  or s 

P 

i 

15 

Cinnamon  Teal 

A.  cyanoptera 

N 

2 

i 

Northern  Shoveler 

A.  clypeata 

N 

2 

2 

Northern  Pintail 

A.  acuta 

N 

i 

2 

Garganey 

A.  querquedula 

N 

i 

Green-winged  Teal 

A.  crecca 

N 

1 

Canvasback 

Aythya  valisineria 

N 

1 

Scaup  sp. 

A.  marilal affinis 

N 

>2 

Red-breasted  Merganser 

Mergus  serrator 

N 

1 

Ruddy  Duck 

Oxyura  jamaicensis 

N 

Seen 

Black-footed  Albatross 

Pheobastria  nigripes 

P 

1 

Shearwater  sp.c 

Puffinus  sp. 

N 

Glossy  Ibis 

Plegadis  falcinellus 

1 

1 

White-faced  Ibis 

P.  chihi 

N 

1 

Seen 

Cattle.  Egret 

Bubulcus  ibis 

P 

14 

5 

4 

Great  Blue  Heron 

Ardea  herodias 

P 

i 

2 

2 

Seen 

Snowy  Egret 

Egretta  thula 

P 

4 

Seen 

Red-billed  Tropicbird 

Phaethon  aethereus 

P 

Seen 

Seen 

Seen 

Seen 

Seen 

Nazca  Booby 

Sula  grand 

N 

2 

1 

American  Kestrel 

Falco  sparverius 

P 

1 

1 

2 

Peregrine  Falconb 

F.  peregrinus 

P 

1 

1 

1 

Seen 

Osprey 

Pandion  haliaetus 

P 

2 

i 

Northern  Harrier 

Circus  cyaneus 

N 

1 

American  Coot 

Fulica  americana 

P 

2 

2 

Pacific  Golden  Plover 

Pluvialis  fulva 

P 

1 

5 

Grey  Plover 

P.  squatarola 

P 

Seen 

Semipalmated  Plover 

Charadrius  semipalmatus 

P 

10 

7 

3 

Killdeer 

C.  vociferus 

N 

2 

2 

Seen 

Whimbrel 

Numenius  phaeopus 

P 

1 

>1 

Long-billed  Curlew 

TV.  americanus 

N 

1 

Greater  Yellowlegs 

Tringa  melanoleuca 

N 

1-2 

1 

Lesser  Yellowlegs 

T.  flavipes 

P 

1-2 

1 

Wandering  Tattler 

Heteroscelus  incanus 

P 

Seen 

4 

Ruddy  Turnstone 

Arenaria  interpres 

P 

4 

3 

1 

>1 

Sanderling 

Calidris  alba 

P 

2 

20-30 

Least  Sandpiper 

C.  minutilla 

P 

3 

Western  Sandpiper 

C.  mauri 

P 

1 

10 

Ruff 

Philomachus  pugnax 

N 

1 

Laughing  Gull 

Larus  atricilla 

P 

1,  >20 

Common  Ground  Dove 

Columbina  passerina 

N 

1 

Cuckoo  sp.* 

Coccyzus  sp. 

N 

1 

Short-eared  Owl 

Asio  flammeus 

N 

1 

Belted  Kingfisher 

Megaceryle  alcyon 

P 

1 

1 

Black  Phoebe 

Sayornis  nigricans 

N 

1 

Northern  Rough-winged  Swallow 

Stelgidopteryx  serripennis 

N 

1 

Barn  Swallow 

Hirundo  rustica 

P 

5 

Cedar  Wax  wing 

Bombycilla  cedrorum 

N 

1 

Yellow-rumped  Warbler 

Dendroica  coronata 

N 

13 

5,  9,  >50 

Seen 

Savannah  Sparrow 

Passerculus  sandwichensis 

N 

1 

Vesper  Sparrow 

Pooecetes  gramineus 

N 

1 

Brown-headed  Cowbird 

Molothrus  ater 

P 

6 

3 

Yellow-headed  Blackbird 

Xanthocephalus  xanthocephalus 

N 

1 

a  Suspected  Mangrove  Cuckoo  (C.  minor),  but  yellow  bill  not  seen,  precluding  definitive  identification. 

Tundra  form  (F.  p.  peregrinus)  seen  once. 
c  Suspected  to  be  Wedge-tailed  Shearwater  (P.  pacificus). 
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TABLE  2.  Status  of  breeding  bird  species  on  Clarion  Island.  EC 
Revillagigedo  Archipelago,  N  =  Native. 

=  Endemic  to  Clarion,  ER 

=  Endemic  to 

Species 

Scientific  name 

Occurrence 

Status 

Laysan  Albatross 

Phoebastria  immutabilis 

Common 

N 

Townsend’s  Shearwater 

Puffinus  auricularis 

Locally  extinct 

ER 

Red-footed  Booby 

Sula  sula 

Common 

N 

Masked  Booby 

S.  dactylatra 

Common 

N 

Clarion  Mourning  Dove 

Zenaida  macroura  clarionensis 

Common 

EC 

Clarion  Burrowing  Owl 

Athene  cunicularis  rostrata 

Common 

EC 

Clarion  Wren 

Troglodytes  tanneri 

Common 

EC 

Clarion  Raven3 

Corvus  corax  clarionensis 

Common 

EC 

Taxonomic  status  contested. 


birds  on  Clarion  are  apparently  thriving.  Howell 
and  Webb  (1989)  noted  that  of  the  four,  the 
Clarion  Burrowing  Owl  appeared  to  be  the  only 
rare  species,  and  ascribed  this  plausibly  to  the 
presence  of  the  pigs.  If  they  were  rare  at  that  time, 
their  recovery  during  and  after  the  eradication  of 
pigs  was  rapid,  because  they  were  the  most 
conspicuous  of  the  four  endemics  in  2002/03.  A 
rapid  population  increase  is  possible  because  the 
species  elsewhere  produces  clutches  of  up  to  12 
eggs  (Holt  et  al.  1999).  Our  density  estimate  was 
crude  and  based  on  a  single  transect,  but  is 
towards  the  upper  end  of  densities  reported  from 
mainland  sites  (Millsap  and  Bear  2000).  It 
represents  the  first  attempt  to  census  this  popula¬ 
tion,  and  can  be  used  as  a  benchmark  to  assess 
subsequent  population  trends.  A  census  of  the 
other  native  land  bird  species  was  not  done,  but  all 
were  commonly  encountered. 

Brattstrom  and  Howell  (1956)  added  18 
shorebird  and  landbird  species  to  the  first  list 
prepared  by  Anthony  (1898).  Subsequently,  Ever¬ 
ett  (1988)  recorded  six,  Howell  and  Webb  (1989) 
recorded  eight,  and  Santaella  and  Sada  (1991) 
recorded  seven  new  species  on  Clarion.  The  high 
percentage  of  new  records  of  visiting  species  in 
this  study  (55%)  suggests  that  more  research 
effort  is  likely  to  yield  still  more  distribution 
records.  The  presence  of  a  seasonal  pond  on 
Clarion  provides  habitat  for  most  of  the  water 
birds  and  many  of  the  shorebirds  recorded.  Ten  of 
55  visiting  species  recorded  were  passerines  and 
13  (24%)  were  anseriforms  of  which  12  represent 
new  records  for  the  island.  This  abundance  of  new 
records  is  possibly  an  artifact  of  the  timing  of 
earlier  visits  (in  the  1980-90s),  which  typically 
occurred  in  February  or  later,  when  temporary 
ponds  would  probably  have  been  dry.  Charadrii- 
forms  constituted  the  largest  single  family  (14 


species)  of  non-breeding  visitors  to  Clarion,  and 
four  of  our  shorebird  sightings  constitute  new 
records  for  the  island.  Great  Blue  Heron  ( Ardea 
herodias),  Cattle  Egret  ( Bubulcus  ibis),  American 
Kestrel  (Falco  sparverius),  Semi-palmated  Plover 
( Charadrius  semipalmatus),  and  Yellow-ramped 
Warbler  ( Dendroica  coronata )  were  seen  on  at 
least  three  visits  in  good  numbers  and  are 
probably  regular/annual  visitors  to  Clarion.  More 
visits  to  Clarion,  particularly  during  wet  periods, 
will  almost  certainly  add  to  this  list. 
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DARWIN’S  FINCHES  AS  SEED  PREDATORS  AND  DISPERSERS 

ANA  MIREYA  GUERRERO124  AND  ALAN  TYE1,3 


ABSTRACT. — We  investigated  seed  predation  and  dispersal  by  nine  Darwin’s  finch  (Geospizinae)  species,  including 
species  previously  regarded  as  seed  predators  or  insectivores.  All  nine  ate  fruit.  Eight  commonly  discarded  seeds,  acting  as 
short-distance  dispersers.  Seven  defecated  viable  seeds,  being  therefore  potential  longer-distance  dispersers.  Fruit 
comprised  the  majority  of  dietary  items  in  all  four  Geospiza  species  and  Small  Tree  Finch  ( Camarhynchus  parvulus ).  All 
except  Common  Cactus  Finch  (G.  scandens)  defecated  intact  seeds.  The  highest  proportions  of  feces  containing  viable 
seeds  were  of  Small  Ground  Finch  (G.  fuliginosa)  and  the  ‘  ‘insectivorous’  ’  species  Woodpecker  Finch  (Camarhynchus 
pallidus)  and  Warbler  Finch  ( Certhidea  olivacea).  These  two  may  be  more  important  endochorous  dispersers  than  other 
species  that  eat  more  fruit  but  are  better  seed  predators.  Intact  seeds  were  found  in  23%  of  fecal  samples;  50%  of  the 
samples  with  intact  seeds  had  viable  seeds.  The  most  frequently  encountered  intact  seeds  were  of  the  tiny-seeded,  fleshy- 
fruited  Miconia  robinsoniana  and  a  sedge,  Kyllinga  brevifolia.  Dry  fruit,  such  as  sedges  and  grasses,  were  usually  crushed 
but  occasionally  found  intact  in  feces,  and  might  frequently  be  dispersed  long  distances.  Seeds  of  larger-seeded,  fleshy- 
fruited  species  were  often  discarded,  but  may  be  commonly  dispersed  short  distances.  Dispersal  of  plants  by  finches  is 
probably  more  common  than  suggested  by  their  predominant  feeding  patterns  of  seed  predation  and  insectivory,  and  rare 
long-distance  dispersal  could  be  important  for  plant  evolution  and  spread  of  introduced  plants  in  the  Galapagos  Islands. 
Received  24  February  2009.  Accepted  9  July  2009. 


Birds  constituted  the  most  important  transport 
mechanism  for  colonization  of  the  Galapagos 
Islands  by  vascular  plants  (Porter  1976,  1983)  and 
presumably  continue  to  have  an  important  role  in 
Galapagos  plant  evolution  by  dispersing  seed  over 
relatively  long  distances,  such  as  between  islands. 
Bird  dispersal  may  also  have  conservation  impli¬ 
cations,  if  birds  distribute  seeds  of  plants  that  have 
been  introduced  to  the  Galapagos  by  man,  thus 
contributing  to  the  threat  these  pose  to  the 
Galapagos  biota  (Loope  et  al.  1988). 

Galapagos  has  no  specialist  frugivores  and  most 
landbird  species  have  been  regarded  as  granivores 
(i.e.,  seed  predators)  or  insectivores  and  not 
important  as  seed  dispersers.  Previous  studies 
have  focused  on  seeds  and  fruit  as  food  for  birds, 
rather  than  on  the  role  of  birds  as  dispersers;  most 
studies  of  Darwin’s  finches  (Fringillidae:  Geospi¬ 
zinae)  have  focused  on  the  biology  of  the  finch, 
rather  than  that  of  its  food  species  (Bowman  1961; 
Abbott  et  al.  1977;  Grant  and  Grant  1980,  1989, 
1994;  Schluter  1982;  Grant  1986;  Tebbich  et  al. 
2004).  Thus,  little  is  known  about  the  role  of 
different  Galapagos  bird  species  as  dispersers,  the 
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importance  to  different  plant  species  of  seed 
dispersal  by  birds,  or  the  dispersal  process  itself. 

Studies  of  seed  dispersal  by  animals  in  the 
Galapagos  include  that  of  Clark  (1978),  who 
reported  that  the  introduced  black  rat  ( Rattus 
rattus)  changes  from  being  mainly  a  seed  predator 
when  young,  to  being  a  disperser  of  a  wide  variety 
of  plant  seeds  when  adult.  Seeds  of  the  endemic 
Miconia  robinsoniana  were  found  in  black  rat 
feces  and  rats  ate  fruit  pulp  of  the  endemic 
Psychotria  rufipes,  discarding  the  seeds.  Galapa¬ 
gos  giant  tortoises  ( Geochelone  spp.)  disperse 
viable  Solanum  cheesmaniae  seed  and  their 
digestive  process  promotes  germination  (Rick 
and  Bowman  1961,  Rick  1966).  Most  seedlings 
of  the  tree  Bur  sera  graveolens  grow  from  seed 
dispersed  by  animals  (including  birds)  (Clark  and 
Clark  1981). 

Galapagos  Mockingbirds  ( Nesomimus  parvu¬ 
lus)  eat  fruit  of  Bursera  graveolens,  Croton 
scouleri,  Lantana  peduncularis,  and  Cordia  lutea, 
among  others,  and  regurgitate  intact  seed  of 
Cordia  (Grant  and  Grant  1979).  Several  Darwin’s 
finch  species  crush  Opuntia  seeds  or  discard  them 
after  consuming  the  aril  or  fruit  flesh  (Grant  and 
Grant  1981).  Short-eared  Owls  ( Asio  flammeus) 
prey  on  Darwin’s  finches,  and  Grant  et  al.  (1975) 
found  intact  seed  of  Chamaesyce  amplexicaulis, 
which  are  eaten  by  finches,  within  regurgitated 
owl  pellets.  The  owls  are  known  to  fly  between 
islands  and  could  thereby  act  as  long-distance 
dispersers  (Grant  et  al.  1975).  Dispersal  of 
Opuntia  on  some  islands  may  depend  on  mock- 
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ingbirds  ( Nesomimus  spp.)  or  finches  (Grant  and 
Grant  1979).  When  Large  Ground  Finch  ( Geo - 
spiza  magnirostris),  Vegetarian  Finch  ( Platyspiza 
crassirostris)  and  Galapagos  Mockingbird  were 
fed  fruit  of  Solanum  cheesmaniae,  feces  of  the  two 
finch  species  contained  only  fragments  of  seed  but 
mockingbird  feces  contained  intact  seeds,  of 
which  64%  germinated,  compared  with  2%  in  a 
control  of  uneaten  seed  (Rick  and  Bowman  1961, 
Rick  1966).  The  Galapagos  Mockingbird  and 
Small  Ground  Finch  (G.  fuliginosa)  passed  viable 
seeds  of  several  introduced  plant  species  in  aviary 
studies  (Buddenhagen  and  Jewell  2006).  P.  R. 
Grant  (pers.  comm.)  has  found  Amaranthus  seeds 
(viability  unknown)  in  feces  of  Medium  Ground 
Finch  (G.  fortis).  The  related  Cocos  Finch 
( Pinaroloxias  inornata)  is  known  to  eat  fruit  and 
disperse  seed  of  Clusia  and  species  of  Melasto- 
mataceae  and  Rubiaceae  (Werner  and  Sherry 
1987). 

Infrequent  events,  such  as  passage  of  occasion¬ 
al  seeds  by  a  bird  that  normally  digests  the  seed  it 
eats,  may  be  important  for  the  life  cycle  of  a  plant 
species,  but  overlooked  or  dismissed  as  unimpor¬ 
tant  in  studies  of  bird  biology.  Differences  in  beak 
size  and  shape  among  Darwin’s  finches  are  not 
reliable  indicators  of  diet,  feeding  technique  or 
fate  of  food  items,  as  finches  vary  their  diet  and 
feeding  behavior  according  to  food  availability 
(Grant  1986).  We  investigated  the  importance  of 
Darwin’s  finches  in  dispersing  and  predating 
seeds  of  Galapagos  endemic,  native,  doubtfully 
native  (sensu  Tye  2006),  and  introduced  plants  in 
an  attempt  to  identify  which  Darwin’s  finch 
species  disperse  which  Galapagos  plant  species, 
and  how  commonly. 

STUDY  SPECIES,  AREAS,  AND  METHODS 

Study  Area. — The  study  area  was  the  south  side 
of  Santa  Cruz  Island  in  the  center  of  the  Galapagos 
archipelago.  Nine  species  of  Darwin’s  finch  (all 
that  occur  on  the  island)  were  studied:  Large 
Ground  Finch,  Medium  Ground  Finch,  Small 
Ground  Finch,  Common  Cactus  Finch  ( Geospiza 
scandens).  Vegetarian  Finch,  Large  Tree  Finch 
( Camarhynchus  psittacula),  Small  Tree  Finch  (C. 
parvulus).  Woodpecker  Finch  (C.  pallidus )  and 
Warbler  Finch  ( Certhidea  olivacea  sensu  stricto). 
The  last  is  at  times  regarded  as  separate  (Green 
Warbler  Finch)  at  the  specific  level  from  Gray 
Warbler  Finch  (C.  fusca )  (cf.  Grant  and  Grant 
2003),  although  both  were  formerly  grouped 
together  in  C.  olivacea  sensu  lato. 


The  vegetation  of  the  Galapagos  is  strongly 
zoned  by  altitude  (Wiggins  and  Porter  1971).  The 
Dry  Zone  of  scrub  and  dry  woodland  extends  up 
to  — 150  m  above  sea  level  on  the  southern  slopes 
of  Santa  Cruz,  where  it  blends  into  a  Transition 
Zone  of  closed  forest  that  extends  up  to  —400  m. 
Above  this  is  the  Humid  Zone,  which  can  be 
subdivided  into  several  vegetative  formations, 
including  (in  order  of  increasing  altitude)  the 
Scalesia  Zone  humid  forest,  the  Miconia  Zone 
humid  shrubland,  and  the  Fern-Sedge  Zone 
dominated  by  tall  herbaceous  species.  This  natural 
zonation  has  been  interrupted  by  the  anthropo¬ 
genic  Agricultural  Zone  which  is  mostly  within 
the  Transition  and  Scalesia  Zones. 

Four  study  sites  were  selected,  each  in  a 
different  vegetation  zone  and  with  differing 
contributions  of  introduced  plant  species  to  total 
plant  cover. 

CDRS. — The  “Sendero  Cientffico”  (research 
trail)  of  the  Charles  Darwin  Research  Station 
(CDRS)  is  in  dry-zone  open  woodland  and  scrub 
with  a  variety  of  trees  and  shrubs,  and  few 
introduced  species.  Species  producing  fruit  po¬ 
tentially  attractive  to  birds  include  trees  ( Bursera 
graveolens,  Cordia  lutea,  Opuntia  echios),  shrubs 
0 Cordia  leucophlyctis,  Crypotocarpus  pyriformis, 
Lantana  peduncularis,  Maytenus  octogona,  Scutia 
spicata,  Tournefortia  psilostachya,  T.  pubescens, 
C  as  tela  galapageia),  vines  (Passiflora  foetida  and 
the  introduced  Momordica  charantia),  grasses 
(especially  Setaria  setosa ),  and  herbs  ( Boerhaavia 
caribaea,  Portulaca  oleracea). 

Los  Gemelos. — This  humid  forest  is  in  the 
Scalesia  Zone  and  dominated  by  Scalesia  pedun- 
culata  trees.  Common  species  that  produce  fruit 
potentially  attractive  to  birds  include  trees  ( Psi - 
dium  galapageium,  Zanthoxylum  fagara ),  under¬ 
story  shrubs  ( Chiococca  alba,  Psychotria  rufipes, 
Tournefortia  rufo-sericea),  herbs  ( Passiflora  co- 
linvauxii,  Solanum  americanum),  a  mistletoe 
( Phoradendron  henslovii),  and  grasses  including 
Paspalum  conjugatum.  Several  introduced  plants 
were  present,  including  the  blackberry  Rubus 
niveus  and  the  grasses  Digitaria  horizontalis  and 
Panicum  maximum. 

Media  Luna. — This  site  is  in  the  Miconia  Zone 
and  comprises  Miconia  robinsoniana  scrub,  where 
the  introduced  Guava  ( Psidium  guajava)  is 
common.  Both  of  these  species  bear  fruit 
attractive  to  birds.  The  ground  layer  is  character¬ 
ized  by  a  variety  of  ferns,  grasses,  and  sedges, 
many  of  whose  seeds  are  attractive  to  birds. 
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Santa  Rosa. — This  is  part  of  the  agricultural 
area  (formerly  upper  Transition  and  lower  Sca- 
lesia  zones),  where  introduced  plants  dominate. 
Common  species  with  fruit  attractive  to  birds 
include  Psidium  guajava,  Rubus  niveus,  and  a 
variety  of  introduced  pasture  and  weedy  grasses 
including  Digitaria  horizontalis,  Sporobolus  in- 
dicus,  and  Panicum  maximum. 

Field  and  Laboratory  Procedures. — Field  ob¬ 
servations  and  laboratory  analysis  of  feces  and  gut 
contents  were  used  to  identify  which  bird  species 
ate  fruit  of  which  plants,  and  the  fate  of  the  seeds. 
Observations  at  CDRS  were  made  during  Janu- 
ary-December  2000,  and  observations  at  the  other 
three  sites  during  April  2000  to  March  2001. 
Opportunistic  observations  were  also  made  at 
other  sites  on  Santa  Cruz,  including  collection  and 
analysis  of  gut  contents  of  birds  found  killed  on 
roads. 

Observations  of  foraging  were  made  twice  per 
month,  between  0800  and  1100  hrs  or  between 
1300  and  1500  hrs  Galapagos  Time  (=GMT- 
6  hrs),  along  a  line  transect  of  ~  1,000  m  on  a  pre¬ 
existing  trail  at  each  site.  All  feeding  episodes 
were  recorded,  irrespective  of  food  type  eaten. 
Observations  were  made  at  close  range,  given  that 
most  Galapagos  birds  are  unafraid  of  humans 
(Bowman  1961),  or  with  the  aid  of  10  X  25 
binoculars.  One  “observation”  is  one  interaction 
between  a  bird  and  a  food  species,  observed  for 
up  to  300  sec  (timed  by  stopwatch)  or  until  the 
bird  left  or  switched  food  species  (cf.  Schluter 
1982).  When  the  same  individual  fed  at  different 
food  species,  each  food  species  interaction  was 
classed  as  a  separate  observation.  This  could 
conceivably  lead  to  bias  due  to  the  preferences  of 
individual  birds.  However,  the  723  foraging 
observations  were  collected  during  almost 
300  hrs  of  observation  (only  2.4/hr  over  all 
species),  over  a  period  during  which  mist-netting 
indicated  large  and  highly  mobile  populations  of 
finches  at  all  sites.  Only  4%  of  480  birds  banded 
were  recaptured,  and  occasions  when  more  than 
one  successive  observation  of  the  same  individual 
was  made  comprised  <2%  of  the  observations. 
We  therefore  consider  it  unlikely  that  individual 
preferences  would  have  significantly  biased  the 
results. 

Three  types  of  fruit-seed  handling  techniques 
were  identified: 

Swallow — The  entire  fruit,  or  pieces  of  it,  was 
swallowed  whole,  along  with  intact  seeds. 


Discard — The  bird  ate  only  fruit  pulp  and 
dropped  seeds  without  ingesting  them. 

Crush — The  bird  destroyed  the  seed  with  its 
bill  and  ate  it. 

Birds  were  captured  at  least  once  per  month  at 
each  study  site  using  12  X  2.5-m  mist  nets,  opened 
for  4  hrs  per  session,  and  feces  that  were  deposited 
in  nets  or  cloth  holding  bags  were  collected.  Birds 
were  kept  in  bags  for  at  most- 20  min,  during  which 
time  most  defecated.  Bags  were  cleaned  between 
each  use.  Feces  were  also  collected  when  birds 
were  seen  to  defecate  on  other  occasions,  whenever 
possible.  Feces  and  gut  contents  were  examined 
under  a  stereo-microscope,  and  seeds,  fruit  frag¬ 
ments,  and  other  food  items  were  counted  and 
identified  with  the  aid  of  a  seed  reference 
collection  amassed  during  the  study,  herbarium 
specimens,  and  published  literature. 

Seeds  found  in  fecal  and  gut  samples  were 
washed  and  maintained  for  up  to  5  months  on 
damp  tissue  paper  in  open  Petri  dishes  in  a  light 
window  to  encourage  germination  and  prove 
viability,  as  well  as  to  permit  identification  of 
unidentified  seeds.  Viable  seeds  were  considered 
to  be  those  whose  radicle  attained  at  least  1  mm 
length. 

RESULTS 

Treatment  of  Fruit  and  Seeds  by  Birds. — During 
the  study  period,  516  of  723  finch  feeding 
observations  were  of  birds  eating  fruit  or  seeds. 
Eight  of  the  nine  finch  species  were  observed 
consuming  fruit,  the  exception  being  Vegetarian 
Finch  (Fig.  1). 

Intact  seeds  were  found  in  the  feces  or 
stomachs  of  all  finch  species  except  Common 
Cactus  Finch  (Table  1).  Stomach  sample  sizes 
were  small,  but  suggest  the  proportion  of  intact 
seeds  in  stomach  samples  was  greater  than  in  fecal 
samples.  The  tree  finches  (including  Woodpecker 
and  Warbler  finches)  and  Small  Ground  Finch 
produced  more  intact  seeds  than  the  larger  ground 
finches. 

The  three  ground  finches  were  major  fruit 
consumers  (Fig.  1,  Table  1).  They  were  not  seen 
to  swallow  fruit,  apart  from  Small  Ground  Finch, 
which  occasionally  swallowed  dry  fruits  of  the 
sedge  Kyllinga,  apparently  without  crushing  them, 
and  swallowed  pieces  of  Miconia  fruit  containing 
tiny  seeds  (Appendix  1).  Ground  finches  most 
commonly  crushed  and  ate  seeds  (especially  dry 
fruits,  including  those  of  grasses).  However,  they 
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FIG.  1.  Frequency  (n  on  bars)  and  proportion  of  feeding  observations  and  seed  treatments  for  different  finch  species 
(identified  by  initials)  on  the  Galapagos  Islands. 


also  often  discarded  seeds  and  ate  only  pulp  of 
some  fleshy  fruits,  notably  those  of  Psychotria 
rufipes.  Solarium  lycopersicum  var.  cerasiforme,  S. 
americanum,  and  Bursera  graveolens.  In  contrast, 
they  often  extracted,  crushed  and  ate  the  seeds  of 
other  fleshy  fruit,  including  those  of  Passiflora 
foetida,  Maytenus  octogona,  Scutia  spicata,  and 
Rubus  niveus,  discarding  the  apparently  edible 
and  attractive  pulp.  Small  Ground  Finch  had  one 
of  the  highest  proportions  of  samples  containing 
intact  seeds  (Table  1),  which  were  mostly  small 
(99%  with  maximum  dimensions  of  0.2-1. 1  mm). 
One  Small  Ground  Finch  defecated  or  regurgitat¬ 
ed  a  4.4-mm  diameter  seed  of  Opuntia  echios ;  its 


feces  contained  many  fragments  of  Opuntia  seed. 
Medium  Ground  Finch  and  Large  Ground  Finch 
samples  contained  lower  proportions  of  intact 
seeds,  which  were  also  mostly  small  (89%  were 
0.7-1. 0  mm  in  diameter).  However,  one  Medium 
Ground  Finch  fecal  sample  contained  17  seeds  of 
Opuntia  echios,  up  to  3.7  mm  in  diameter  with  no 
seed  fragments  present,  perhaps  suggesting  the 
seeds  were  swallowed  when  the  bird  was  feeding 
on  fruit  pulp. 

Common  Cactus  Finch  was  mainly  observed 
eating  fruit  with  large  seeds  (>2  mm),  which 
were  most  commonly  crushed,  or  sometimes 
discarded.  Its  feces  contained  no  intact  seeds. 


TABLE  1.  Numbers  of  fecal  and  stomach  samples  with  fruit  remains  or  intact  seeds.  Percentages  (in  parentheses)  are 
%  of  number  of  samples  (n). 


Fecal  samples 

Stomach  samples 

n 

With  fruit  or  With  intact 

seed  remains3  seedsb 

With  seeds  that 
germinated 

n 

With  fruit  or  With  intact 

seed  remains3  seeds6 

With  seeds  that 
germinated 

Large  Ground  Finch 

36 

33  (92) 

1  (3) 

0(0) 

0 

Medium  Ground  Finch . 

73 

68  (93) 

6(8) 

1  (1) 

5 

5  (100) 

2(40) 

1  (20) 

Small  Ground  Finch 

229 

205  (90) 

78  (34) 

38  (17) 

8 

8  (100) 

7  (88) 

6(75) 

Common  Cactus  Finch 

11 

9  (82) 

0(0) 

0(0) 

0 

Vegetarian  Finch 

2 

2  (100) 

1  (50) 

1  (50) 

0 

Large  Tree  Finch 

4 

3  (75) 

1  (25) 

1  (25) 

0 

Small  Tree  Finch 

102 

47  (47) 

14  (14) 

4(4) 

2 

2  (100) 

1  (50) 

1  (50) 

Woodpecker  Finch 

20 

9  (45) 

8  (40) 

■8  (40) 

2 

2  (100) 

0(0) 

0(0) 

Warbler  Finch 

55 

11  (20) 

11  (20) 

8(15) 

0 

Totals 

532 

■  386  (73) 

120  (23) 

61  (11) 

17 

17  (100) 

10  (59) 

8  (47) 

Including  intact  seeds. 
Including  viable  seeds. 
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Cactus  Finches  were  also  seen  feeding  on 
Portulaca  oleracea,  which  has  tiny  (0.5  mm) 
seeds,  but  these  were  not  found  intact  in  the  feces. 

Vegetarian  Finch  was  only  observed  at  Media 
Luna  where  it  mainly  ate  flower  buds,  flowers, 
and  leaves  of  the  introduced  dry-fruited  (wind- 
dispersed)  Cinchona  pubescens.  It  was  not  seen 
eating  fruit  but  intact  seeds  of  Miconia  robinsoni- 
ana  and  unidentified  seed  fragments  were  found 
in  its  feces. 

Small  Tree  Finch  was  rarely  seen  to  swallow 
fruit  (only  Kyllinga  and  Miconia );  it  more 
frequently  ingested  pulp  and  discarded  seeds,  or 
crushed  and  ate  seeds  (especially  of  dry  fruits 
such  as  grasses).  However,  its  fecal  and  stomach 
samples  contained  moderately  high  numbers  of 
intact  seeds,  all  small  (0. 5-1.0  mm),  including 
both  dry-fruited  (Paspalum  conjugatum)  and 
fleshy-fruited  ( Miconia  robinsoniana,  Solatium 
americanum)  plants.  Its  feces  also  contained  large 
numbers  of  intact  seeds  of  Kyllinga  brevifolia, 
which  is  dry-fruited,  but  the  defecated  seeds 
lacked  the  membranous  pericarp  around  the 
achene. 

Large  Tree  Finch  ate  fleshy  fruit,  including 
Phoradendron  henslovii  and  Cordia  lutea;  the  fate 
of  the  Phoradendron  seeds  could  not  be  ascer¬ 
tained  but  the  Cordia  seeds  were  discarded.  The 
only  intact  seeds  found  in  Large  Tree  Finch  feces 
were  Miconia  robinsoniana  but  the  feces  also 
contained  unidentified  seed  fragments. 

Woodpecker  Finch  was  seen  to  eat  only  fleshy 
fruit.  It  mostly  swallowed  fruit,  especially  Mico¬ 
nia  robinsoniana ,  but  discarded  seeds  of  Solatium 
americanum  and  crushed  Rubus  niveus  seeds, 
ingesting  only  the  embryo  of  the  latter  and 
discarding  the  testa.  A  high  proportion  of 
Woodpecker  Finch  fecal  samples  contained  intact 
seeds,  all  of  which  were  Miconia  robinsoniana 
(maximum  dimension  <0.5  mm)  with  up  to  400 
seeds  per  sample.  The  feces  contained  no  seed 
fragments  apart  from  what  appeared  to  be  remains 
of  the  achenes  of  an  Asteraceae  species  in  one 
sample. 

Warbler  Finch  ate  fleshy  fruit,  discarding  larger 
seeds  such  as  Rubus,  but  swallowing  tiny  seeds 
(such  as  Miconia  robinsoniana)  along  with  the 
fruit  flesh.  It  was  seen  swallowing  dry  fruit  of 
Scalesia  pedunculata  on  four  occasions  but 
remains  of  Scalesia  seed  were  not  identified  in 
its  feces.  One  Warbler  Finch  fecal  sample 
contained  a  single  intact  seed  of  the  dry-fruited 
(wind-dispersed)  introduced  weed  Adenostemma 


platyphyllum.  No  digested  remains  of  Adeno¬ 
stemma  seed  were  found,  and  this  one  may  have 
been  ingested  accidentally  with  insects  plucked 
from  a  seed-head. 

Treatment  of  Fruit  and  Seeds  of  Different 
Plants. — Species  whose  seeds  were  potentially 
dispersed,  either  over  long  distances  because  they 
were  commonly  swallowed,  or  short  distances 
because  they  were  commonly  discarded,  included 
small-seeded,  fleshy-fruited  species  ( Miconia , 
Cordia  leucophlyctis,  Phoradendron,  PSychotria, 
Scutia,  Solanum,  Tournefortia),  larger-seeded 
fleshy-fruited  species  ( Cordia  'lutea,  Bursera, 
Opuntia,  Psidium  guajava,  Momordica,  Rubus), 
and  the  dry-fruited  Kyllinga  brevifolia  (Appendix 
2).  Fruit  of  some  wind-dispersed  species,  such  as 
the  introduced  weed  Pseudelephantopus  spiralis, 
were  also  eaten  (seeds  crushed). 

Of  the  fecal  and  stomach  samples  that  con¬ 
tained  intact  seeds,  58%  had  seeds  of  dry-fruited 
species  ( Adenostemma ,  Kyllinga,  Portulaca,  Sesu- 
vium,  grasses),  36%  had  fleshy-fruited  species 
{Miconia,  Solanum,  Opuntia,  Cryptocarpus,  Tour¬ 
nefortia),  and  the  rest  unidentified  fruit  type 
(Appendix  3).  The  most  frequently  encountered 
intact  seeds  were  Miconia  robinsoniana  (8%  of 
549  samples),  Kyllinga  brevifolia  (7%),  Paspalum 
conjugatum  (3%),  and  Portulaca  oleracea  (2%). 

The  proportion  of  seeds  of  a  given  species  that 
germinated  was  consistently  higher  for  stomach 
samples  than  fecal  samples  (Table  2),  suggesting 
the  birds’  digestive  process  kills  some  seeds  that 
are  swallowed  intact.  Germination  is  proof  of 
viability  but  lack  of  germination  does  not  imply 
that  all  seeds  of  the  species  were  killed,  as  -some 
may  have  been  ingested  when  immature,  or  the 
conditions  of  the  germination  experiment  may  not 
have  favored  germination  of  some  species  (such 
as  those  with  a  dormancy  period  >5  months). 

Site  Differences  in  Seeds  Eaten  and  Dispersed. — 
Fruit  species  most  commonly  seen  eaten  and  bird 
feeding  behavior  differed  at  the  different  study 
sites,  in  large  part  relating  to  different  plant 
availability  and  finch  species  abundance  at  each 
site  (Appendix  4).  Both  native  and  introduced 
species  were  eaten  by  at  least  one  species  of  finch 
at  all  sites  (Appendices  1,  2,  4),  although  endemic 
species  accounted  for  most  fruit-feeding  observa¬ 
tions  at  CDRS  and  Los  Gemelos,  while  introduced 
species  predominated  as  foods  at  Media  Luna  and 
Santa  Rosa  (Appendix  4).  No  birds  were  observed 
eating  some  species  that  were  common  at  one  or 
more  sites  and  apparently  adapted  for  bird- 
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TABLE  2.  Viability  of  intact  seeds  in  fecal  and  stomach  samples.  Percentages  (in  parentheses)  are 
preceding  column. 

%  of  n  in 

Fecal  samples 

Stomach  samples 

Samples  with 
seeds  n 

With  seeds  that 
germinated 

Seeds  n 

Seeds  that 
germinated 

Samples 
with  seeds  t 

With  seeds  that 
i  germinated 

Seeds  n 

Seeds  that 
germinated 

Endemic  plants 

Miconia  robinsoniana 

45 

41  (91) 

1,436 

1,096  (76) 

Opuntia  echios 

2 

0(0) 

18 

0(0) 

Non-endemic  native  plants 

Capraria  biflora 

i 

o(b) 

4 

0(0) 

Cryptocarpus  pyriformis 

1 

0(0) 

1 

0(0) 

Kyllinga  brevifolia 

37 

13  (35) 

634 

48  (8) 

4 

3(75) 

90 

12  (13) 

Sesuvium  portulacastrum 

1 

1  (100) 

7 

1  (14) 

Sporobolus  indicus 

2 

2  (100) 

2 

2  (100) 

Tournefortia  psilostachya 

1 

1  (100) 

1 

1  (100) 

Doubtfully  native  plants 

Paspalum  conjugatum 

11 

3  (27) 

39 

7  (18) 

3 

3  (100) 

36 

13  (36) 

Portulaca  oleracea 

9 

5  (56) 

60 

9(15) 

2 

2  (100) 

102 

36  (35) 

Solanum  americanum 

4 

0(0) 

11 

0(0) 

1 

1  (100) 

6 

4(67) 

Introduced  plants 

Adenostemma 

2 

0(0) 

2 

0(0) 

platyphyllum 

Unidentified  plants 

Dry-fruited  species 

11 

1  (9) 

46 

1  (2) 

7 

3  (43) 

150 

9(6) 

Fleshy-fruited  species 

1 

0(0) 

1 

0(0) 

Unknown  fruit  type 

7 

1  (14) 

60 

1  (2) 

2 

0(0) 

5 

0(0) 

Totals 

135 

67  (50) 

2,311 

1,165  (50) 

21 

13  (62) 

400 

75  (19) 

dispersal,  although  some  of  these  were  found  in 
fecal  samples  (Appendix  3). 

DISCUSSION 

Finch  Diets. — All  nine  finch  species  studied  ate 
fruit,  which  comprised  the  majority  of  dietary 
items  in  the  four  Geospiza  species  and  Small  Tree 
Finch  (Fig.  1,  Table  1).  The  other  species,  apart 
from  Vegetarian  Finch,  are  predominantly  insec¬ 
tivorous.  Warbler  Finch  was  formerly  considered 
a  pure  insectivore  (Bowman  1961),  although 
nectar  may  be  important  to  it  (Grant  1986,  Grant 
and  Grant  2003);  our  results  demonstrate  that  fruit 
is  also  a  major  component  of  its  diet.  Sample  sizes 
were  insufficient  to  ascertain  the  importance  of 
frugivory  to  Large  Tree  Finch  and  Vegetarian 
Finch,  but  the  limited  results  support  Bowman 
(1961),  who  considered  the  former  largely 
insectivorous  and  the  latter  to  feed  mainly  on 
leaves,  flowers,  and  fruit  flesh. 

Frequency  of  foraging  techniques,  plants  con¬ 
sumed,  seeds  in  feces,  etc.  all  varied  with  study 
site  because  of  different  plant  and  finch  species 
composition  at  each  site.  These  results  confirm 


that  Darwin’s  finches  are  opportunistic  foragers 
with  selection  of  fruits  and  seeds  varying 
according  to  availability  (Appendix  4;  Bowman 
1961,  Grant  and  Grant  1980,  Schluter  1982). 
Apparent  selection  of  Portulaca  oleracea  oc¬ 
curred  at  CDRS,  and  of  grasses  ( Paspalum 
conjugatum,  Digitaria  horizontalis,  Eleusine 
indica )  and  a  sedge  ( Kyllinga  brevifolia )  at  Media 
Luna  and  Santa  Rosa  (Appendix  4).  Dietary 
composition  with  respect  to  introduced  and  native 
plants  in  general  reflected  availability  in  the  two 
groups. 

Finches  as  Dispersers. — All  nine  finch  species, 
including  the  “granivorous”  Geospiza  spp.  and 
the  “insectivorous”  Warbler  Finch,  Woodpecker 
Finch,  and  tree  finches  proved  to  be  potential  seed 
dispersers;  all  either  swallowed  or  discarded  some 
seed,  or  defecated  viable  seed.  The  four  Geospiza 
spp.,  the  species  with  the  highest  proportion  of 
•  fruit  in  their  diet,  are  primarily  granivores  and 
seed  predators  (cf.  Bowman  1961,  Abbott  et  al. 
1977,  Grant  and  Grant  1982)  and  less  efficient 
dispersers  than  the  other  finches;  their  common 
feeding  technique  was  crushing  seeds  and  their 


758 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  4,  December  2009 


fecal/stomach  samples  mostly  contained  only 
fragments  of  seeds.  Medium  and  Large  Ground 
finches  seem  to  be  more  efficient  seed  predators 
and  poorer  dispersers  than  Small  Ground  Finch. 

Eight  finch  species  commonly  discarded  seeds 
after  processing  fruit  with  their  bills,  and  probably 
serve  as  short-distance  dispersers.  Buddenhagen 
and  Jewell  (2006)  also  found  Small  and  Medium 
Ground  finches  frequently  moved  fruit  and  seeds 
around  their  cages.  Grant  et  al.  (1976)  noted  that 
finches  often  fail  to  crack  Bursera  seeds,  and  end 
up  leaving  them  behind.  By  moving  seeds  outside 
the  immediate  influence  of  competition  with  the 
parent  plant  in  this  way,  finches  could  have  an 
important  role  in  the  population  dynamics  of  some 
plant  species  (Janzen  1971).  Seeds  of  many 
species  are  frequently  carried  short  distances  in 
flight  to  suitable  sites  for  lengthy  processing  (pers. 
obs.),  resulting  in  their  dispersal. 

Some  seeds  that  were  swallowed  whole  sur¬ 
vived  digestion  to  be  defecated,  even  in  the 
predominantly  granivorous  species.  Seven  finch 
species  defecated  viable  seeds  and  so  are  potential 
longer-distance  dispersers.  The  best  endochorous 
dispersers  among  the  finches  appear  to  be  Small 
Ground  Finch,  Woodpecker  Finch,  and  Warbler 
Finch.  These  three  species  had  the  highest 
proportions  of  fecal  samples  containing  viable 
seeds,  even  though  Woodpecker  Finch  and 
Warbler  Finch  were  observed  eating  fruit  less 
often  than  ground  finches.  Woodpecker  Finch  and 
Warbler  Finch  may  be  more  important  endochor¬ 
ous  dispersers  than  finch  species  that  are  usually 
considered  more  frugivorous  but  which  are  better 
seed  predators.  Given  the  relative  abundance  of 
Warbler  Finch  in  the  Humid  Zone,  it  could  be  the 
most  important  disperser  of  some  plant  species. 
Small  Tree  Finch  may  also  be  an  important 
endochorous  disperser  as  it  ate  much  fruit  (as 
reported  by  Bowman  1961)  and  its  fecal  samples 
contained  moderate  numbers  of  intact  seeds. 

The  Importance  to  Plants  of  Dispersal  by 
Finches  and  the  Importance  of  Rare  Events  for 
Galapagos  Plant  Ecology  and  Evolution. — Rela¬ 
tively  long-distance  endochorous  dispersal  by 
finches  is  apparently  frequent  for  tiny-seeded 
plants,  including  Miconia  robinsoniana,  some  of 
the  other  fleshy-fruited  species  such  as  Solanum 
americanum,  and  some  of  the  dry-fruited  species 
such  as  Kyllinga  brevifolia  and  grasses.  Dispersal 
by  finches  may  thus  be  an  important  factor  in  their 
population  dynamics.  Dry-fruited  seeds,  of  which 
the  nutritive  part  for  a  finch  is  the  seed  itself,  may 


also  occasionally  escape  digestion  and  be  dis¬ 
persed  (e.g.,  grasses  and  Portulaca).  Rarer 
dispersal  events  may  also  occur  for  other  species 
that  would  not  normally  be  considered  bird- 
dispersed,  such  as  Scalesia  and  the  introduced 
Adenostemma.  Larger-seeded  species  such  as 
Cordia  lutea,  Bursera ,  and  the  introduced  Rubus 
niveus  and  Psidium  guajava  may  be  commonly 
dispersed  over  short  distances,  but  sufficiently  far 
to  take  them  away  from  the  parent  plant. 

Occasional  long-distance  dispersal  by  grani- 
vores  may  be  relatively  unimportant  in  the  life 
cycle  of  most  native  plants  most  of  the  time,  but 
occasional  dispersal  between  islands  could  result 
in  major  range  changes,  of  great  importance  on  an 
evolutionary  time-scale.  These  events  could  also 
be  significant  from  a  conservation  viewpoint,  if 
finches  at  times  bring  about  long-distance  dis¬ 
persal  of  invasive  introduced  species  such  as 
Rubus  niveus,  creating  new  foci  of  invasion. 
Darwin’s  finches,  especially  first-year  birds,  at 
times  fly  between  islands  (Grant  et  al.  1975,  Grant 
and  Grant  1989),  and  could  act  as  long-distance 
dispersers  of  a  variety  of  plant  species.  The  spread 
of  plants  by  finches  is  likely  to  have  been  greater 
than  their  common  feeding  patterns  of  seed 
predation  and  insectivory  suggest,  because  of  the 
relative  importance  of  chance  rare  dispersal 
events. 
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APPENDIX  1.  Use  of  different  fruit  species  by  each  finch  species  (identified  by  initials)  based  on  field  observations  (s, 
d,  and  c  are  swallow,  discard,  and  crush  feeding  techniques) 

LGF 

MGF 

SGF 

CCF 

LTF  STF 

WoF 

WaF 

Endemic  plants 

Castela  galapageia 

C 

Cordia  leucophlyctis 

d  C 

c 

d 

Croton  scouleri 

C 

Miconia  robinsoniana 

s 

S 

s 

s 

Opuntia  echios 

C 

d  c 

c 

Passiflora  foetida 

C 

c 

% 

Phoradendron  henslovii 

d 

Psychotria  rufipes 

d 

d 

d 

Scalesia  pedunculata 

c 

c 

s 

Scutia  spicata 

C 

d  c 

d  c 

c 

d 

Tournefortia  pubescens 

C 

T.  rufo-sericeae 

C 

d  c 

c 

d  c 

Non-endemic  native  plants 

Ageratum  conyzoides 

c 

Alternanthera  echinocephala 

c 

Blechum  pyramidatum 

c 

c 

Boerhaavia  caribaea 

c 

c 

c 

c 

Bursera  graveolens 

d 

d 

d 

Commelina  diffusa 

c 

Commicarpus  tuberosus 

c 

Cordia  lutea 

d  c 

d  c 

d 

Cryptocarpus  pyriformis 

c 

c 

c 

Cyperus  confertus 

c 

Eragrostis  ciliaris 

c 

Kyllinga  brevifolia 

s 

s 

Maytenus  octogona 

c 

c 

Panicum  dichotomiflorum 

c 

P.  hirticaule 

c 

Rhynchospora  rugosa 

c 

Scleria  melaleuca 

c 

Setaria  parviflora 

c 

S.  setosa 

c 

Sporobolus  indicus 

c 

c 

Tournefortia  psilostachya 

d  c 

c 

d  c 

d 

c 

Trianthema  portulacastrum 

c 

c 

c 

Doubtfully  native  plants 

Bidens  pilosa 

c 

c 

Paspalum  conjugatum 

c 

c 

c 

Portulaca  oleracea 

c 

c 

c 

c 

Solanum  americanum 

d 

d 

d 

d 

Introduced  plants 

Digitaria  horizontalis 

c 

c 

c 

Eleusine  indica 

c 

Momordica  charantia 

d 

Panicum  maximum 

c 

c 

Passiflora  edulis 

c 

Pennisetum  purpureum 

c 

Pseudelephantopus  spiralis 

c 

Psidium  guajava 

d 

d 

Rubus  niveus 

d 

d  c 

d  c 

d  c 

d  c 

d 

Sida  rhombifolia 

c 

c 

Solarium  lycopersicum  var.  cerasiforme 

d 

Sonchus  oleraceus 

c 

Stachytarpheta  cayennensis 

c 
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APPENDIX  2.  Treatments  applied  by  finches  to  fruit  and  seeds  of  different  plant  species. 

Feeding  observations  n 

Swallowed  n  (%) 

Discarded  n  (%) 

Crushed  n  (%) 

Endemic  plants 

Castela  galapageia 

1 

1  (100) 

Cordia  leucophlyctis 

8 

4(50) 

4(50) 

Croton  scouleri 

1 

1  (100) 

Miconia  robinsoniana 

24 

24  (100) 

Opuntia  echios 

13 

1  (8) 

12  (92) 

Passiflora  foetida 

8 

8  (100) 

Phoradendron  henslovii 

1 

1  (100) 

Psychotria  rufipes 

3 

3  (100) 

Scalesia  pedunculata 

7 

4(57) 

3  (43) 

Scutia  spicata 

40 

3(8) 

37  (93) 

Tournefortia  pubescens 

1 

1  (100) 

T.  rufo-sericeae 

12 

2(17) 

10  (83) 

Non-endemic  native  plants 

Ageratum  conyzoides 

2 

2  (100) 

Alternanthera  echinocephala 

1 

1  (100) 

Blechum  pyramidatum 

3 

3  (100) 

Boerhaavia  caribaea 

17 

17  (100) 

Bursera  graveolens 

5 

5  (100) 

Commelina  diffusa 

1 

1  (100) 

Commicarpus  tuberosus 

4 

4  (100) 

Cordia  lutea 

13 

4  (31) 

9  (69) 

Cryptocarpus  pyriformis 

18 

18  (100) 

Cyperus  confertus 

1 

1  (100) 

Eragrostis  ciliaris 

1 

1  (100) 

Kyllinga  brevifolia 

26 

26  (100) 

Maytenus  octogona 

16 

16  (100) 

Panicum  dichotomifforum 

1 

1  (100) 

P.  hirticaule 

4 

4  (100) 

Rhynchospora  rugosa 

1 

1  (100) 

Scleria  melaleuca 

1 

1  (100) 

Setaria  parviflora 

1 

1  (100) 

S.  setosa 

1 

1  (100) 

Sporobulus  indicus 

5 

5  (100) 

Tournefortia  psilostachya 

16 

3  (19) 

13  (81) 

Trianthema  portulacastrum 

3 

3  (100) 

Doubtfully  native  plants 

Bidens  pilosa 

7 

7  (100) 

Paspalum  conjugatum 

67 

67  (100) 

Portulaca  oleracea 

34 

34  (100) 

Solarium  americanum 

12 

12  (100) 

Introduced  plants 

Digitaria  horizontalis 

39 

39  (100) 

Eleusine  indica 

15 

15  (100) 

Momordica  charantia 

1 

1  (100) 

Passiflora  edulis 

1 

1  (100) 

Panicum  maximum 

12 

12  (100) 

Pennisetum  purpureum 

3 

3  (100) 

Pseudelephantopus  spiralis 

4 

4  (100) 

Psidium  guajava 

4 

4  (100) 

Rubus  niveus 

46 

23  (50) 

23  (50) 

Sida  rhombifolia 

8 

8  (100) 

Solanum  lycopersicum  var.  cerasiforme 

1 

1  (100) 

Sonchus  oleraceus 

1 

1  (100) 

Stachytarpheta  cayennensis 

1 

1  (100) 
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APPENDIX  3.  Number  (%)  of  fecal  and  stomach  samples  from  each  finch  species  that  contained  intact  seeds  of 
different  plant  species. 


LGF  MGF  SGF  CCF  VF  LTF  STF  WoF  WaF  Totals 


Sample  size 

36  78 

237  11 

2  4  104  22 

55 

549 

Endemic  plants 

Miconia  robinsoniana 

19  (8) 

1  (50)  1  (25)  6  (6)  8  (36) 

10  (18) 

45 

Opuntia  echios 

1  (1) 

1  (0.4) 

2 

Non-endemic  native  plants 

Capraria  biflora 

1  (0.4) 

1 

Cryptocarpus  pyriformis 

1  (3) 

1 

Kyllinga  brevifolia 

4(5) 

34  (14) 

3  (3) 

41 

Sesuvium  portulacastrum 

1  (0.4) 

1 

Sporobolus  indicus 

2(1) 

' 

2 

Tournefortia  psilostachya 

1  (0.4) 

1 

Doubtfully  native  plants 

Paspalum  conjugation 

10(4) 

4  (4) 

14 

Portulaca  oleracea 

1  (1) 

10(4) 

11 

Solanum  americanum 

3  (1.3) 

2(2) 

5 

Introduced  plants 

Adenostemma  platyphyllum 

1  (0.4) 

1  (2) 

2 

Unidentified  plants 

Dry-fruited  species 

1  (1) 

14  (6) 

3(3) 

18 

Fleshy-fruited  species 

1  (1) 

1 

Unknown  fruit  type 

7(3) 

2(2) 

9 
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APPENDIX  4.  Percent  cover  and  use  by  finches  of  the  most  common  flowering  plant  species  at  the  four  study  sites.  All 
species  with  >2%  cover  are  shown,  plus  less  common  species  whose  fruits  were  eaten.  Species  that  bear  fruit  apparently 
attractive  to  birds  are  marked  with  an  asterisk.  Status  codes:  E  =  endemic  species;  e  =  endemic  subspecies;  N  =  non¬ 
endemic  native;  DN  =  doubtfully  native;  I  =  introduced. 

Status 

%  cover 

%  of  feeding  observations  n  fecal  +  gut  samples 

CDRS 

*Scutia  spicata 

e 

15 

16 

*Tournefortia  psilostachya 

N 

12 

1 

*Opuntia  echios 

E 

9 

2 

*Cordia  leucophlyctis 

E 

8 

Acacia  rorudiana 

E 

7 

*Cryptocarpus  pyriformis 

N 

7 

7  1 

Acacia  macracantha 

N 

6 

*Portulaca  oleracea 

DN 

6 

13  10 

*Tournefortia  pubescens 

E 

5 

*Jasminocereus  thouarsii 

E 

4 

*Momordica  charantia 

I 

4 

0.4 

Boerhaavia  caribaea 

N 

3 

Clerodendrum  mo  lie 

e 

3 

*Cordia  lutea 

N 

3 

Croton  scouleri 

E 

3 

*Lantana  peduncularis 

E 

3 

*Maytenus  octogona 

N 

3 

Parkinsonia  aculeata 

N 

3 

*Passiflora  foetida 

e 

3 

Capraria  biflora 

N 

1 

1 

Los  Gemelos 

Scalesia  pedunculata 

E 

35 

*Paspalum  conjugatum 

DN 

20 

23  8 

*Tournefortia  rufo-sericea 

E 

7 

7 

*Solanum  americanum 

DN 

6 

5  2 

*Chiococca  alba 

N 

5 

*Psychotria  rufipes 

E 

5 

*Zanthoxylum  fagara 

N 

5 

Commelina  diffusa 

N 

4 

Pilea  baurii 

E 

4 

*Sporobolus  indicus 

N 

4 

Ageratum  conyzoides 

N 

3 

Bidens  pilosa 

DN 

3 

Blechum  pyramidatum 

N 

3 

*Digitaria  horizontalis 

I 

3 

4 

*Panicum  maximum 

I 

3 

3 

*Passiflora  colinvauxii 

E 

3 

*Passiflora  edulis 

I 

3 

Peperomia  galapagensis 

E 

3' 

*Sida  rhombifolia 

I 

3 

2 

Spermacoce  remota 

N 

3 

Tradescantia  sp. 

I 

3 

*Rubus  niveus 

I 

1 

1 

*Kyllinga  brevifolia 

N 

<1 

1 

Media  Luna 

*Miconia  robinsoniana 

E 

25 

15  45 

*Pseudelephantopus  spiralis 

I 

15 

2 

Cinchona  pubescens 

I 

10 

Mecardonia  procumbens 

N 

8 

*Panicum  dichotomiflorum 

N 

8 

Eleocharis  maculosa 

N 

7 

764 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121.  No.  4.  December  2009 


APPENDIX  4.  Continued. 


Status 

%  cover 

%  of  feeding  observations 

n  fecal  +  gut  samples 

Rhynchospora  rugosa 

N 

7 

*Digitaria  eriantha 

I 

6 

*Kyllinga  brevifolia 

N 

6 

7 

Cup  he  a  racemosa 

I 

5 

*Paspalum  conjugatum 

DN 

5 

14 

3 

*Panicum  maximum 

I 

4 

4 

*Psidium  guajava 

I 

4 

t 

Stachytarpheta  cayennensis 

I 

4 

Cuphea  carthagenensis 

N 

3 

*Digitaria  horizontalis 

I 

3 

6 

Hypericum  thesiifolium 

N 

3 

Jaegeria  gracilis 

E 

3 

*Sporobolus  indicus 

N 

3 

*Eleusine  indica 

I 

1 

9 

*Passiflora  edulis 

I 

1 

0.6 

Santa  Rosa 

*Rubus  niveus 

I 

30 

36 

*Psidium  guajava 

I 

20 

1 

Cinchona  pubescens 

I 

10 

*Digitaria  horizontalis 

I 

10 

16 

*Kyllinga  brevifolia 

N 

10 

17 

29 

*Digitaria  ciliaris 

DN 

5 

Polygonum  opelousanum 

N 

4 

Spermacoce  remota 

N 

4 

*Sporobolus  indicus 

N 

4 

2 

Jaegeria  gracilis 

E 

3 

*Panicum  maximum 

I 

3 

*Pennisetum  purpureum 

I 

3 

2 

Scalesia  pedunculata 

E 

3 

Adenostemma  platyphyllum 

I 

2 

2 

*Sida  rhombifolia 

I 

2 

3 

*Paspalum  conjugatum 

DN 

1 

2 

*Solanum  americanum 

DN 

1 

2 
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HABITAT  USE  BY  FORAGING  NORTHERN  HARRIERS  ON 
NANTUCKET  ISLAND,  MASSACHUSETTS 

BLAKE  H.  MASSEY,1-2  CURTICE  R.  GRIFFIN,1  AND  KEVIN  McGARIGAL1 


ABSTRACT. — The  Northern  Harrier  ( Circus  cyaneus)  is  of  major  conservation  and  management  concern  in  the 
northeastern  United  States.  We  studied  habitat  use  of  foraging  adult  male  and  female  harriers  on  Nantucket  Island, 
Massachusetts  among  four  habitat  types:  grassland,  shrubland,  mowed,  and  burned.  Overall,  foraging  indices  were  not 
correlated  to  nest  proximity  and  harriers  foraged  significantly  less  frequently  in  mowed  habitat  than  in  the  other  habitat 
types.  Management  of  harrier  habitat  in  the  northeastern  United  States  may  not  exclusively  require  grasslands,  and  mowing 
reduces  foraging  habitat.  Received  26  January  2009.  Accepted  9  July  2009. 


Northern  Harriers  ( Circus  cyaneus )  have  been 
identified  as  a  species  of  national  concern  by  the 
U.S.  Fish  and  Wildlife  Service  (USDI  2002),  and 
populations  have  declined  dramatically  along  the 
east  coast,  especially  in  the  northeast,  over  the 
last  few  decades  (Serrentino  and  England  1989, 
Christiansen  and  Reinert  1990).  Harriers  are  now 
listed  in  New  England  as  endangered,  threatened, 
or  of  special  concern  by  every  state  except  Maine 
(Vickery  1992).  Breeding  populations  in  southern 
New  England  are  largely  confined  to  Cape  Cod 
and  the  offshore  islands,  including  Martha’s 
Vineyard  and  Nantucket  (Christiansen  and  Re¬ 
inert  1990,  Serrentino  1992). 

Researchers  have  generally  associated  harriers 
with  wetlands,  grasslands,  and  other  open  and 
early  successional  habitats  (Bildstein  and  Mac- 
Whirter  1996,  Simmons  2000).  Christiansen  and 
Reinert  (1990)  suggested  harriers  in  New  England 
may  be  establishing  breeding  territories  in  shrub- 
lands.  Similarly,  extensive  surveys  on  Nantucket 
Island  indicate  that  harriers,  a  generalist  predator, 
may  be  foraging  in  these  shrublands  (Bowen 
2001),  contrasting  with  nearly  all  other  studies 
from  North  America  (Bildstein  and  MacWhirter 
1996). 

Our  objective  was  to  identify  the  foraging 
habitat  preferences  of  Northern  Harriers  on 
Nantucket  Island,  Massachusetts,  USA.  Much  of 
the  habitat  management  efforts  on  the  island  have 
focused  on  restoring  sandplain  grasslands 
through  high-intensity  mowing  and  prescribed 
burning  of  scrub-oak  ( Quercus  spp.)  dominated 
habitats  to  benefit  harriers  and  an  assemblage  of 
rare  plants. 


'University  of  Massachusetts,  160  Holdsworth  Way, 
Amherst,  MA  01003,  USA. 

2  Corresponding  author;  e-mail:  blakemassey@gmail.com 


METHODS 

Study  Area. — We  conducted  our  study  on 
Nantucket  Island,  Massachusetts  (41°  17'  N,  70° 
05'  W),  —48  km  south  of  Cape  Cod.  Nantucket 
Island  is  —125  km2,  and  its  flora  consists 
primarily  of  a  mosaic  of  sandplain  communities, 
including  sandplain  grasslands,  coastal  heath- 
lands,  scrub  oak  ( Quercus  ilicifolia)  barrens,  and 
pitch  pine  ( Pinus  rigida)  forests  (Dunwiddie  and 
Sorrie  1996,  Barbour  et  al.  1998).  These  sandplain 
communities  intermingle  extensively  along  a 
successional  gradient  on  Nantucket  Island  (Vick¬ 
ery  and  Dunwiddie  1997). 

Foraging  Sampling  Plots. — We  identified  areas 
of  homogeneous  vegetation  and  confirmed,  from  a 
concurrent  island-wide  harrier  nest  survey,  that 
none  of  the  selected  rectangular  plots  (—10  ha) 
contained  any  harrier  nests.  We  established  6 
burned,  15  grassland,  6  mowed,  and  18  shrubland 
plots,  distributed  randomly  among  the  island’s 
conservation  properties  (Table  1).  Grassland  and 
upland  heath  communities  are  often  intermixed 
and  can  be  difficult  to  distinguish  in  the  field 
(Dunwiddie  et  al.  1996).  Thus,  we  follow  Vickery 
and  Dunwiddie  (1997)  and  use  the  term  grassland 
to  encompass  both. 

Grassland  plots  consisted  of  >80%  herbaceous 
vegetation  and  dwarf  members  of  the  Ericaceae 
(heath)  family  all  <  1  m  in  height.  Shrubland  plots 
consisted  of  >80%  woody  vegetation,  primarily 
scrub  oak,  all  >1.5  m  tall.  Mowed  plots  were 
former  shrubland  areas  that  had  undergone  brush¬ 
cutting  or  high-intensity  mowing  during  the 
previous  year  and  often  contained  large  amounts 
of  persistent  visible  woody  debris.  Burned  plots 
were  grassland  and  shrubland  areas  treated  with 
prescribed  bums  during  the  previous  year.  All 
burned  plots  were  grouped  into  one  treatment 
class,  regardless  of  pre-bum  vegetation  type. 
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TABLE  1.  Number  and  size  of  habitat  plots  sampled 
for  Northern  Harrier  foraging  rates  on  Nantucket  Island, 
Massachusetts,  2002  and  2003. 

Habitats 

Number  of  plots 

Total  area  (ha) 

Shrubland 

18 

181.9 

Grassland 

15 

144.6 

Mowed 

6 

61.0 

Burned 

6 

53.8 

Totals 

45 

441.3 

because  of  the  relative  scarcity  of  burned  areas  to 
obtain  an  adequate  sample  size. 

Sampling  Strategy. — We  used  instantaneous 
scan  sampling  (Martin  and  Bateson  1986)  at 
10  sec  intervals  at  each  plot  to  measure  male  and 
female  harrier  foraging  activity  (Bildstein  and 
MacWhirter  1996).  We  conducted  four  surveys 
for  each  plot,  totaling  8-10  hrs,  at  standardized 
time  intervals  between  0600  and  1200  hrs  EST. 
Observations  were  made  during  the  peak  of  the 
nesting  season  when  foraging  activity  is  high: 
between  10  June  and  15  August  in  2002  and  2 
June  and  18  August  in  2003.  Sampling  dates  were 
randomized  across  plots.  Surveys  were  postponed 
in  conditions  of  poor  visibility  (<1  km),  high 
winds  (capable  of  swaying  crowns  of  mature 
trees),  or  steady  rain.  We  calculated  a  foraging  use 
index  for  each  plot  by  dividing  the  total  number  of 
observations  of  foraging  behavior  by  the  area  of 
the  plot. 

Data  Analyses. — We  tested  for  relationships 
between  foraging  use,  nest  proximity,  and  habitat 
type.  We  averaged  the  foraging  indices  (standard¬ 
ized  to  a  150  min  observation  survey)  for  each 
plot  for  each  gender  and  tested  for  normality.  Box 
plots  suggested  that  foraging  index  values  for 
most  observation  plots  were  not  normally  distrib¬ 
uted,  and  we  normalized  the  data  using  a  log  10  + 
1  transformation  prior  to  all  subsequent  analyses 
(Quinn  and  Keough  2002). 

We  tested  whether  proximity  of  plots  to  harrier 
nests  affected  variation  in  foraging  indices.  We 
mapped  the  location  of  all  nests  on  the  island, 
separately  for  2002  and  2003,  in  ArcView  (ESRI 
2002),  and  created  maps  approximating  harriers’ 
reported  home  range  size  of  2-3  km  on  Nantucket 
Island  (Bowen  2001).  We  generated  a  kernel 
probability  map  for  these  range  estimates  to 
represent  the  theoretical  foraging  distribution 
(Powell  2000).  We  overlaid  each  kernel  probabil¬ 
ity  map  over  a  map  of  the  observation  plots  and 


calculated  a  mean  kernel  value  for  each  plot.  We 
regressed  foraging  indices  on  mean  kernel  values 
to  test  for  a  relationship  between  nest  density  and 
foraging  use. 

We  assessed  habitat  effects  on  foraging  for 
each  gender  with  a  Welch’s  ANOVA  because 
residual  plots  showed  non-homogeneous  distribu¬ 
tions  among  habitats,  in  particular  a  low  variance 
for  mowed  habitat  (Quinn  and  Keough  2002).  We 
used  a  Games-Howell  pairwise  comparison  test 
(Powers  and  Lopez  1986)  to  identify  differences 
among  habitats  when  ANOVA  results  were 
significant. 

RESULTS 

There  was  no  significant  effect  ( P  >  0.05)  of 
nest  density  and  foraging  rates  for  either  males  or 
females.  Thus,  we  did  not  use  nest  proximity  as  a 
covariate  in  subsequent  analyses.  Foraging  index 
values  were  significantly  different  among  habi¬ 
tats,  both  for  males  (F3-41  =  7.93,  P  =  0.002)  and 
females  ( F3M  =  5.35,  P  =  0.009)  (Table  2). 
Males  used  mowed  habitat  significantly  less  than 
shrubland  and  grassland  habitats  ( P  <  0.05, 
Table  2),  and  females  used  mowed  habitat 
significantly  less  than  shrubland  habitat  (P  = 
0.039,  Table  2).  Males  and  females  used  habitats 
in  a  comparable  pattern  (Fig.  1),  foraging  rela¬ 
tively  equally  among  grassland,  shrubland,  and 
burned  habitats,  but  significantly  less  in  mowed 
habitat. 

DISCUSSION 

Harrier  foraging  distributions  on  Nantucket 
Island  were  not  restricted  by  their  nest  locations. 
Two  explanations  may  account  for  this  result. 
First,  harriers  may  use  the  landscape  at  differing 
spatial  scales,  and  variations  may  be  amplified  by 
their  ability  to  travel  >100km/day  (Simmons 
2000).  Second,  Bowen  (2001,  2003)  observed 
multiple  individuals  sharing  common  foraging 
areas,  suggesting  harriers  are  relatively  tolerant  of 
each  other  away  from  the  immediate  nest  site. 

Harrier  foraging  patterns  on  Nantucket  differed 
between  shrubland,  grassland,  and  burned  and 
mowed  habitats.  Harriers  spread  their  foraging 
efforts  relatively  evenly  among  burned,  grassland, 
and  shrubland  habitats.  We  suspect  harriers  on 
Nantucket  Island  shift  their  habitat  selection 
depending  on  prey  availability  and  use  a  variety 
of  prey  species  from  multiple  habitats — a  pattern 
reported  in  other  studies  of  harriers  (Bildstein 
1987,  Martin  1987). 
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TABLE  2.  Pair-wise  comparison  tests  of  male  and  female  Northern  Harrier  foraging  indices  by  habitat  type  on 
Nantucket  Island,  Massachusetts,  2002  and  2003. 

Gender 

Habitat 

Habitat 

Mean  difference  ±  SE 

P 

Male 

Burned 

Grassland 

0.02  ±0.12 

1.00 

Mowed 

0.21  ±  0.10 

0.29 

Shrubland 

0.02  ±0.11 

1.00 

Grassland 

Mowed* 

0.19  ±  0.06 

0.02* 

Shrubland 

0.01  ±  0.08 

1.00 

Mowed 

Shrubland* 

-0.19  ±  0.05 

0.01* 

Female 

Burned 

Grassland 

0.08  ±  0.08 

0.74 

Mowed 

0.17  ±  0.07 

0.15 

Shrubland 

0.06  ±  0.07 

0.85 

Grassland 

Mowed 

0.09  ±  0.04 

0.20 

Shrubland 

-0.02  ±  0.06 

0.99 

Mowed 

Shrubland* 

—0.11  ±  0.04 

0.04* 

a  Significant  at  P  <  0.05. 


Only  mowed  habitat  could  be  considered  poor 
foraging  habitat  for  harriers  on  Nantucket  Island. 
Most  of  our  mowed  habitat  plots  had  large  volumes 
of  woody  debris  and  few  grasses  (live  or  dead) 


suitable  for  food  or  shelter  for  small  mammals  or 
grassland  birds.  Harriers  have  been  reported  to 
avoid  foraging  over  sparsely-vegetated  habitat 
(Bildstein  1987,  Martin  1987,  Preston  1990). 
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FIG.  1.  Female  (open  boxes)  and  male  (black  boxes)  Northern  Harrier  foraging  indices  (number  of  foraging 
observations/area  of  plot)  by  habitat  types  on  Nantucket  Island,  Massachusetts,  summer  2002  and  2003.  Means  are  shown 
with  plus  signs.  The  box  plots  use  medians  as  the  line  inside  the  box;  first  and  third  quartiles  as  the  lower  and  upper  edges, 
respectively;  and  minimum  and  maximum  values  within  1.5  times  the  spread  (distance  from  the  top  to  the  bottom  of  the 
box)  as  the  lower  and  upper  whiskers,  respectively.  Outliers  are  shown  with  dots. 
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Three  management  techniques  commonly  sug¬ 
gested  to  restore  and  maintain  grasslands  on 
Nantucket  Island  are  mowing,  burning,  and 
grazing.  High-intensity  mowing  has  been  used 
with  limited  success  to  restore  grasslands  on 
Nantucket  (Tiffney  and  Eveleigh  1985),  but  this 
manipulation  has  few  ecological  benefits,  espe¬ 
cially  for  harriers,  until  the  grassland  community 
is  fully  restored.  Burning  is  a  natural  disturbance 
regime  and  an  effective  tool  for  maintaining  a 
mosaic  of  native  fire-adapted  communities  (Bar¬ 
bour  et  al.  1998).  Harriers  commonly  foraged  over 
burned  patches,  but  our  limited  sample  sizes 
precluded  us  from  examining  possible  effects  of 
pre-bum  vegetation  types  on  foraging  rates.  Sheep 
grazing  on  Nantucket  was  the  principal  factor  in 
causing,  expanding,  and  maintaining  the  open, 
treeless  landscape  (Dunwiddie  1989)  and,  when 
used  on  a  rotational  basis,  may  be  a  more  effective 
grassland  restoration  technique  than  burning  or 
mowing  (Motzkin  and  Foster  2002).  Light  to 
moderate  grazing  could  provide  and  maintain 
suitable  foraging  habitat  for  generalist  raptors, 
such  as  harriers  (Dechant  et  al.  2003). 
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EFFECTS  OF  PRESCRIBED  FIRE  ON  DEPREDATION  RATES  OF 
NATURAL  AND  ARTIFICIAL  SEASIDE  SPARROW  NESTS 

BARBARA  S.  ALMARIO,1-4  PETER  P.  MARRA,2-56 
J.  EDWARD  GATES,1  AND  LAURA  MITCHELL3 


ABSTRACT. — We  compared  depredation  rates  of  natural  and  artificial  nests  of  Seaside  Sparrows  (Ammodramus 
maritimus )  within  winter  burned  and  unbumed  marsh  breeding  habitats.  Natural  nests  on  burned  sites  in  2002  were 
depredated  at  a  higher  rate  (35.3%)  during  the  incubation  stage,  compared  to  unbumed  sites  (13.3%).  Depredation  rates  of 
natural  nests  were  similar  between  bum  treatments  during  the  nestling  stage.  Artificial  nests  exhibited  significantly  higher 
depredation  rates  during  the  incubation  stage  on  burned  compared  to  unburned  sites  in  2002.  No  artificial  nest  studies  were 
conducted  in  2003,  but  we  examined  natural  nest  depredation  rates.  Depredation  rates  on  natural  nests  in  2003  were  similar 
between  burned  and  unbumed  sites  during  both  incubation  and  nestling  stages.  Differences  in  nest  ‘depredation  rates 
between  2002  and  2003  may  be  due  to  increased  rainfall  in  2003  leading  to  higher  biological  productivity,  reduced  bum 
effectiveness  and  coverage,  as  well  as  a  change  in  nest  placement  by  Seaside  Sparrows  on  burned  sites.  Shrub-nesting 
species  may  not  be  as  vulnerable  to  higher  rates  of  nest  depredation  induced  by  prescribed  burning  because  fire  appears  to 
only  minimally  impact  woody  shrubs,  while  greatly  reducing  biomass  of  herbaceous  V&getation.  Received  15  June  2007. 
Accepted  30  April  2009. 


Historically,  humans  have  manipulated  coastal 
marshes  to  improve  habitat  for  game  species, 
reduce  risk  of  wildfire,  or  increase  marsh  produc¬ 
tivity  (Chabreck  1988,  Mitchell  et  al.  2006). 
Commonly  used  marsh  manipulations  include 
altering  water  levels,  ditching,  managing  grazing 
animals,  and  prescribed  burning.  Prescribed  fire  is 
often  used  to  promote  or  maintain  certain  plant  or 
animal  species,  enhance  species  diversity,  elimi¬ 
nate  undesirable  species,  or  protect  against  uncon¬ 
trolled  fires  (Whelan  1995,  Mitchell  et  al.  2006). 
Prescribed  fires  during  the  winter  (Dec-Mar  in 
brackish-saline  marsh  habitats)  are  often  used 
specifically  to  promote  waterfowl  habitat  by 
regulating  species  composition  of  saltmeadow 
cordgrass  ( Spartina  patens ),  smooth  cordgrass  (S. 
alterniflora ),  and  three-square  bulrush  ( Schoeno - 
plectus  spp.)  (Nyman  and  Chabreck  1995). 

Little  is  known  about  the  effects  of  winter 
prescribed  fire  on  non-target  species  including 
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Seaside  Sparrow  ( Ammodramus  maritimus  mar¬ 
itimus),  Coastal  Plain  Swamp  Sparrow  ( Melospiza 
georgiana  nigrescens),  Saltmarsh  Sharp-tailed 
Sparrow  ( Ammodramus  caudacutus ),  Black  Rail 
( Laterallus  jamaicensis),  and  other  secretive 
marsh  birds  that  use  tidal  marshes  as  foraging 
and  breeding  areas.  Most  research  to  date  has 
focused  on  measuring  the  impacts  of  fire  on  bird 
community  composition  and  species  abundance 
(Taylor  1983,  Gabrey  et  al.  1999,  Gabrey  and 
Afton  2000,  Walters  et  al.  2000).  Few  studies 
have  examined  the  effects  of  fire  on  demographic 
parameters  such  as  population  age  structure  or 
reproductive  success. 

Nest  depredation  is  the  leading  cause  of 
reproductive  failure  for  birds  (Ricklefs  1969, 
Martin  1995).  Thus,  rates  of  nest  depredation 
can  provide  a  useful  index  of  habitat  suitability 
and  are  known  to  vary  according  to  the  amount  of 
nest  concealment  (Gabrey  et  al.  2002,  Weidinger 
2002).  Depredation  of  nests  for  open-habitat 
nesting  bird  species  may  be  magnified  by 
management  practices  designed  to  reduce  vegeta¬ 
tive  cover  such  as  prescribed  fire,  an  action  that 
may  decrease  important  vegetative  cover  for 
nesting. 

Seaside  Sparrows  are  obligate  tidal  wetland 
specialists  of  management  concern  throughout 
most  of  their  range  (Post  and  Greenlaw  1 994),  and 
listed  as  a  “Bird  of  Conservation  Concern”  for 
North  American  Bird  Conservation  Initiative 
(NABCI)  Bird  Conservation  Regions  27,  30,  31, 
and  37,  and  for  U.S.  Fish  and  Wildlife  Service 
(USFWS)  Regions  2,  4,  and  5  (USFWS  2002a). 
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Changes  to  plant  species  composition,  cover,  and 
vertical  structure  caused  by  prescribed  burning 
influences  the  relative  abundance  of  Seaside 
Sparrows  (Gabrey  et  al.  1999)  and  may  also 
impact  reproductive  success.  Populations  of  year- 
round  resident  Seaside  Sparrows  (A.  m.  fisheri )  in 
Louisiana  coastal  marshes  were  markedly  reduced 
during  the  first  breeding  season  post-burn  (Gabrey 
and  Afton  2000).  These  results  do  not  explain  how 
prescribed  fire  specifically  impacts  factors  under¬ 
lying  sparrow  population  dynamics,  such  as  rates 
of  nest  depredation  or  overall  nesting  success. 

Artificial  nests  are  popular  tools  for  examining 
rates  of  nest  depredation  because  they  allow  users 
to  control  a  number  of  confounding  factors 
(Whelan  et  al.  1994,  Buler  and  Hamilton  2000). 
Artificial  nests  also  allow  experiments  at  large 
spatial  scales  with  increased  sample  sizes  as  well 
as  lower  costs  and  effort  relative  to  finding  and 
monitoring  natural  nests  (Faaborg  2004).  Most 
studies  measuring  depredation  rates  of  artificial 
nests  fail  to  provide  comparative  data  for  natural 
nests  (Major  and  Kendal  1996).  Several  studies 
have  tested  the  validity  of  using  artificial  nest  data 
because  of  the  negative  influences  of  olfactory 
cues  and  human  scent  (Whelan  et  al.  1994, 
Donalty  and  Henke  2001),  nest  type  (Martin 
1987),  or  egg  type  and  size  (Roper  1992,  Maier 
and  DeGraaf  2000,  Svagelj  et  al.  2003)  on 
depredation  rates  and  predator  assemblages.  The 
validity  of  artificial  nest  studies  remains  ques¬ 
tionable  without  comparative  data  on  natural 
nests. 

The  few  studies  comparing  depredation  rates 
between  artificial  and  natural  nests  characterize 
the  reproductive  success  of  species  assemblages 
rather  than  single  focal  species  (Buler  and 
Hamilton  2000,  Mezquida  and  Marone  2003). 
Artificial  nests  should  mimic  the  nest  type  of  the 
focal  species  under  examination  for  accurate 
inferences  to  be  drawn  (Villard  and  Part  2004). 
This  is  critical  for  establishing  a  consistent 
relationship  between  depredation  rates  of  natural 
and  artificial  nests. 

We  investigated  the  effects  of  winter  prescribed 
burning  on  nest  depredation  rates  of  Seaside 
Sparrows  ■  breeding  in  Chesapeake  Bay  tidal 
marshes.  We  predicted  that  prescribed  burning, 
typically  conducted  in  late  winter  (Jan- Apr), 
significantly  reduces  dead  vegetative  cover  and 
vegetation  height  and  density,  and  may  also 
reduce  nest  concealment  and  increase  the  proba¬ 
bility  of  nest  depredation.  We  compared  depre¬ 


dation  rates  of  natural  Seaside  Sparrows  nests  and 
artificial  nests  between  burned  and  unburned 
marshes  to  test  this  hypothesis. 

METHODS 

The  study  was  conducted  at  Blackwater  Na¬ 
tional  Wildlife  Refuge  (38°  24'  N,  76°  0'  W),  a 
subdivision  of  the  Chesapeake  Marshlands  Na¬ 
tional  Wildlife  Refuge  Complex  (hereafter  Black- 
water)  and  the  State  of  Maryland’s  Fishing  Bay 
Wildlife  Management  Area  (38°  23'  N,  76°  59' 
W)  (hereafter  Fishing  Bay),  Dorchester  County, 
near  Cambridge,  Maryland.  The  study  area 
consists  of  —17,800  ha  of  tidal  marsh  on  the 
Chesapeake  Bay.  Dominant  plant  species  include 
saltmeadow  cordgrass  and  smooth  cordgrass  with 
three-square  bulrush  patchily  distributed  through¬ 
out.  Dominant  shrubs  include  Jesuit’s  bark  (Iva 
frutescens)  and  eastern  baccharis  ( Baccharis 
halimifolia). 

Managers  at  Blackwater  and  Fishing  Bay  have 
used  prescribed  fire  for  >60  years  (USFWS 
2002b).  Approximately  40%  of  the  areas  are 
burned  annually  between  January  and  March,  the 
dormant  season  for  marsh  vegetation,  to  reduce 
hazardous  fuel-loads,  increase  efficiency  of  fur- 
bearer  harvest,  and  promote  target  vegetation 
growth  (USFWS  2002b).  Blackwater  fire  man¬ 
agement  staff  established  experimental  plots  in 
1995  with  variable  fire  frequencies  (annual,  3- 
5  year,  7-10  year,  and  fire-excluded)  along  the 
Transquaking  River  to  evaluate  effects  of  fire 
frequency  on  above-ground  vegetation  (Flores 
2003). 

The  study  on  natural  nest  depredation  rates  was 
conducted  in  2002  and  2003,  and  included  three 
annual-bum  (4A,  5A,  and  6A)  and  three  no-burn 
sites  (4D,  5D,  and  6D)  each  year  ranging  in  size 
from  70.4  to  181.7  ha.  Each  annual -bum  site  was 
burned  between  January  and  March  in  both  2002 
and  2003.  No-burn  sites  were  last  burned  in  1994, 
the  year  before  the  establishment  of  experimental 
plots.  Sites  4A  and  4D  were  considered  inappro¬ 
priate  for  the  study  following  the  2002  population 
counts  and  vegetation  measurements.  Few  Seaside 
Sparrows  nested  on  these  two  sites.  Sites  7A 
(annual-bum)  and  5C  (no-burn)  were  added  in 
2003  based  on  habitat  and  vegetative  character¬ 
istics.  A  5-ha  systematic  survey  grid  consisting  of 
10  transect  lines  at  intervals  of  25  m  was 
established  on  each  site  to  facilitate  territory 
mapping.  No  artificial  nest  study  was  conducted 
in  2003  and  we  considered  the  data  on  natural  nest 
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depredation  rates  from  that  year  to  be  a  follow-up 
to  the  primary  artificial-natural  nest  comparisons 
in  2002. 

Seaside  Sparrows  are  territorial  and  build 
covered  or  domed  ground  nests  in  marsh  grasses. 
Most  nests  have  a  canopy  of  residual  (dead)  and 
green  grass,  some  are  built  under  tidal  debris,  and 
all  nests  are  at  least  partially  covered  (Post  and 
Greenlaw  1994).  Finding  nests  involved  observing 
cues  from  adults  and  systematically  searching 
territories  every  3  days.  Nests  were  marked  using 
flagging  tape  tied  to  tufts  of  grass  3  to  4  m  from 
the  nest  with  each  flag  denoting  a  direction  and 
distance  to  the  nest.  Each  nest  was  visited  every 
3  days  until  the  nestlings  fledged.  The  incubation 
period  lasted  ~12  days  with  a  9-day  brooding 
period.  Nests  were  considered  depredated  when 
all  eggs  were  removed  or  disturbed  in  such  a  way 
that  the  female  stopped  incubating,  when  nestlings 
disappeared  prior  to  brood  completion  date,  or 
when  the  nest  appeared  highly  disturbed. 

We  experimentally  measured  rates  of  nest 
depredation  in  early  June  2002  on  burned  and 
unburned  sites.  Twenty  artificial  nests  were  used 
on  each  of  the  six  sites  for  a  total  of  1 20  artificial 
nests.  Artificial  nests  were  placed  at  least  25  m 
from  each  5-ha  grid  in  an  area  that  resembled 
vegetation  characteristics  within  the  grids.  Nests 
were  arranged  every  25  m  along  transects,  25  m 
apart  in  suitable  Seaside  Sparrow  nesting  habitat. 
We  avoided  areas  of  unsuitable  nesting  habitat. 
Each  nest  was  constructed  by  wrapping  grass, 
usually  saltmeadow  cordgrass,  into  a  ring  and 
tying  it  into  a  knot  to  resemble  a  small  cup 
(Gabrey  et  al.  2002).  Nests  were  placed  under 
clumped  vegetation  to  simulate  natural  canopy 
cover  and  concealment  of  Seaside  Sparrow  nests. 
Each  artificial  nest  contained  two  Japanese  Quail 
(Coturnix  japonica)  eggs  and  one  plasticine  egg. 
The  plasticine  egg  simulated  the  size  of  Seaside 
Sparrow  eggs  and  was  mixed  with  ground  litter  to 
simulate  brown  flecks  and  spotting  found  on 
natural  Seaside  Sparrow  eggs.  We  placed  flags  a 
minimum  of  3  m  from  the  nest  with  a  nest 
designation  and  compass  bearing  on  each  flag  to 
facilitate  nest  relocation  and  reduce  visual  cues 
for  predators. 

Artificial  nests  were  checked  and  removed  after 
12  days,  the  average  incubation  period  for  Seaside 
Sparrows  on  the  sites.  We  attempted  to  limit 
human  scent  near  or  at  artificial  nests  by  visiting 
nests  only  at  the  end  of  the  exposure  period  and  by 
wearing  rubber  boots  while  placing  artificial  nests 


in  the  field  at  the  beginning  of  the  study.  Nests 
were  considered  depredated  if  the  quail  or 
plasticine  eggs  were  missing  or  had  visible  bite 
or  beak  marks.  Plasticine  eggs  were  evaluated  for 
teeth  or  beak  marks  which  were  compared  to 
representative  skull  specimens  within  the  predator 
categories  of  small  mammal,  medium  mammal, 
large  mammal,  reptile,  or  bird. 

Artificial  nests  and  eggs  simulated  natural 
nests  during  incubation  only;  thus,  we  analyzed 
depredation  rates  of  natural  nests  that  occurred 
only  during  the  incubation  stage  and  compared 
them  to  artificial  nest  depredation  rates  (Thomp¬ 
son  and  Burhans  2004).  We  used  a  Chi-square 
goodness  of  fit  test  to  analyze  pooled  depredation 
rates  of  natural  and  artificial  nests  on  each  burn 
treatment.  Bonferroni’s  correction  was  applied  to 
groups  of  data  to  reduce  Type  1  error.  Natural 
and  artificial  nest  data  were  compared  to  examine 
if  depredation  rates  differed  between  burn 
treatments,  and  between  artificial  and  natural 
nests.  We  present  depredation  rates  for  natural 
nests  as  a  total  of  both  incubation  and  nestling 
stages  in  each  treatment  to  examine  if  artificial 
nests  were  a  good  indicator  of  total  natural  nest 
depredation  rates.  Nest  failures  due  to  factors 
other  than  depredation  were  not  included  in  the 
analysis. 

Vegetation  Measurements. — We  collected  veg¬ 
etation  data  at  100  points  spaced  25  m  apart  in 
each  study  plot  during  June  and  early  July  (peak 
Seaside  Sparrow  breeding  period)  each  year. 
Percent  live  vegetation  cover  (all  live  plant  species 
combined)  and  percent  dead  vegetation  cover  (all 
dead  plant  species  combined)  were  regarded  as 
suitable  nesting  vegetation  and  were  measured 
from  total  transect  area  using  a  modified  point- 
intercept  method  described  by  Bonham  (1989).  A 
1-m  pole,  marked  at  0.1  -m  intervals,  was  placed 
horizontally  on  the  ground  under  the  nest,  facing 
north.  All  plant  species  touching  each  0.1-m  mark 
were  recorded.  Live  and  dead  material  was 
identified  to  species  when  possible.  Bare  ground 
was  recorded  when  no  plant  species  were  touching 
a  mark,  and  water  was  recorded  when  no  plant 
species  was  touching  the  mark  and  the  area 
appeared  permanently  flooded.  Percent  suitable 
nesting  vegetation  (live  and  dead  vegetation 
combined)  data  were  compared  to  examine  differ¬ 
ences  between  treatments  and  between  years. 

We  analyzed  vegetation  data  using  Principal 
Components  Analysis  (SAS  1999)  and  found  no 
correlations  between  vegetation  characteristics. 
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FIG.  1 .  Depredation  rates  on  natural  nests  (A)  during  the  incubation  stage  only,  and  (B)  total  depredation  on  bum  ( n  = 
51)  and  no  burn  (n  =  45)  plots  in  2002  and  2003  (bum:  n  =  79,  no  bum:  n  =  67).  Mean  contrasts  measure  treatment 
differences  within  years  and  do  not  reflect  between-year  differences. 


We  used  a  Chi-square  goodness  of  fit  test  to 
analyze  pooled  percent  live  and  dead  vegetation 
cover  on  each  bum  treatment. 

RESULTS 

Natural  Nests. — We  found  96  active  Seaside 
Sparrow  nests  in  2002,  45  on  unburned  and  5 1  on 
burned  sites.  Significantly  fewer  natural  nests 


were  depredated  during  incubation  on  unbumed 
(13.3%)  compared  to  burned  sites  (35.3%;  x2  = 
6.15,  df  =  1,  P  =  0.02;  Fig.  1A).  Total 
depredation  rates  combining  nestling  and  incuba¬ 
tion  stages  did  not  differ  between  bum  treatments 
with  26.6%  of  nests  on  unbumed  sites  and  41.2% 
of  nests  on  burned  sites  being  depredated  ( % 2  = 
1.10,  df  =  1,  P  =  0.29;  Fig.  IB). 
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FIG.  2.  Rates  of  nest  depredation  on  artificial  nests  in  salt  marsh  habitat  in  2002. 


We  found  146  active  Seaside  Sparrow  nests  in 
2003,  67  on  unburned  and  79  on  burned  sites.  We 
did  not  detect  a  difference  in  rates  of  depredation 
during  the  incubation  stage  between  unbumed 
(25.4%)  and  burned  treatments  (24.1%;  y2  = 
0.02,  df  =  1,  P  =  0.34;  Fig.  1A).  Total 
depredation  rates  combining  nestling  and  incuba¬ 
tion  stages  in  2003  did  not  differ  between 
unburned  (43.3%)  and  burned  (36.7%)  sites  (%2 
=  0.28,  df  =  1,  P  =  0.59;  Fig.  IB). 

Artificial  Nests. — Twenty-one  (35.0%)  of  the  60 
artificial  nests  placed  on  unburned  sites  in  2002 
were  depredated  compared  to  48  (81.3%)  of  59  (1 
nest  could  not  be  relocated)  artificial  nests  on 
burned  sites.  Depredation  rates  were  significantly 
lower  on  unburned  compared  to  burned  sites  (yf 
=  17.16,  df  =  1,  P  <  0.001;  Fig.  2). 

Bite  marks  on  plasticine  eggs  suggest  that 
several  different  predators  prey  upon  nests,  but  no 
predator  appeared  specific  to  a  particular  treat¬ 
ment.  Small  mammals  marked  14  eggs  on 
unbumed  sites  and  1 1  eggs  on  burned  sites. 
Medium-sized  mammals,  most  likely  common 
raccoons  ( Procyon  lotor ),  marked  four  plasticine 
eggs  on  unburned  sites  and  seven  eggs  on  burned 
sites.  Snakes  and  avian  predators  were  each 
responsible  for  markings  on  one  egg  in  each 
treatment.  Five  of  the  eggs  or  nests  were  moved 
from  the  nest  site,  possibly  by  birds. 


Vegetation. — Suitable  nesting  vegetation  was 
greater  in  2002  on  unbumed  sites  (87.7%)  than 
on  burned  sites  (63.9%;  yf  =  376.2 ,  df  =  1,  P  < 
0.001).  Vegetation  characteristics  in  2003  changed 
from  the  previous  year.  The  percentage  of  suitable 
nesting  vegetation  remained  greater  on  unbumed 
sites  (80.5%)  compared  to  burned  sites  (76.0%;  yf 
=  16.6,  df  =  1,  P  <  0.001),  but  the  amount  of 
suitable  vegetation  that  was  live  vegetation  on 
burned  sites  increased  (16.5%)  from  the  previous 
year  (y2  =  83.87,  df  =  1,  P  <  0.001). 

DISCUSSION 

Artificial  and  natural  nests  during  the  incuba¬ 
tion  stage  in  2002  exhibited  significantly  lower 
nest  depredation  rates  on  unburned  compared  to 
burned  sites.  This  difference  was  not  evident 
when  examining  total  depredation  rates  across 
nest  stages  in  natural  nests  (artificial  nests  have  no 
“nestling”  stage  and  cannot  reveal  total  depre¬ 
dation  rates).  The  result  is  consistent  with  other 
studies  as  poorly  concealed  nests  are  found  by 
nest  predators  early  during  the  incubation  stage; 
nests  reaching  the  nestling  stage  usually  experi¬ 
ence  lower  depredation  rates  and  higher  nest 
success  (Nice  1957,  but  see  Davis  2003).  Overall, 
artificial  nests  had  higher  rates  of  nest  depredation 
compared  to  natural  nests;  this  is  similar  to  results 
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of  other  studies  (Major  and  Kendal  1996,  Zanette 
2002). 

We  did  not  experimentally  measure  depreda¬ 
tion  rates  using  artificial  nests  in  2003  and  we 
considered  that  year’s  natural  nest  depredation 
rates  as  follow-up  data.  Depredation  rates  of 
natural  nests  differed  between  2002  and  2003.  No 
differences  were  detected  in  depredation  rates  in 
2003  during  the  incubation  stage  between  un- 
bumed  and  burned  sites.  However,  in  2003  the 
region  where  our  sites  were  located  received 
considerably  more  precipitation  than  in  2002  (a 
less-than-normal  precipitation  year),  during  May, 
June,  and  July  (normal  average:  9.4  ±  4.3  cm  vs. 
2002:  4.0  ±  0.6  cm;  and  2003:  15.8  ±  1.9  cm) 
(Maryland  State  Climatologist  Office  2006).  We 
suspect  that  unusually  high  rainfall  years  may 
increase  biological  productivity,  plant  growth,  and 
nest  concealment,  and  possibly  reduce  potential 
negative  effects  of  burning  on  marsh  vegetation 
(Zimmerman  1992).  Above-average  rainfall  (nor¬ 
mal  average:  109.2  cm  vs.  2003:  160.4  cm) 
(Maryland  State  Climatologist  Office  2006) 
during  the  first  10  months  of  the  year  may  have 
made  the  2003  winter  bums  less  thorough,  leading 
to  increased  dead  residual  biomass  during  the 
2003  nesting  season  versus  2002.  Dead  vegetative 
cover  is  important  for  nest  concealment  and 
placement  of  nests  above  ground  level.  Dead 
vegetative  cover  left  standing  in  2003  may  explain 
why  depredation  rates  during  incubation  were  less 
than  in  2002.  Sparrow  nest  placement  in  burned 
sites  also  differed  between  the  2  years  with 
sparrows  in  2003  choosing  unburned  patches  for 
nest  sites  significantly  more  often  than  burned 
patches  (BSA  and  PPM,  unpubl.  data).  Dispro¬ 
portionate  use  of  unburned  patches  by  Seaside 
Sparrows  in  bum  treatments  may  have  further 
negated  some  of  the  negative  effects  of  prescribed 
burning  on  nest  success. 

An  alternative  explanation  for  increased  depre¬ 
dation  rates  during  the  incubation  stage  in  2002 
may  be  a  functional  behavioral  response  related  to 
prey-search  in  which  local  predators  focus  their 
attention  on  areas  where  they  were  likely  to  find 
nests.  An  increased  density  of  artificial  nests 
adjacent  to  the  5-ha  natural  nest  grids  may  trigger 
certain  search  image  effects  (Crawford  and 
Jennings  1989,  Major  and  Kendal  1996).  Predator 
density  may  also  increase  in  response  to  an 
increase  in  prey  density  (Gibb  1960). 

Use  of  quail  eggs  in  artificial  nests  has  raised 
concerns  of  bias  (Whelan  et  al.  1994,  Zanette 


2002,  Mezquida  and  Marone  2003,  Faaborg 
2004).  For  example,  quail  eggs  are  larger  in  size 
than  sparrow  eggs  which  could  increase  the 
detection  of  eggs  in  artificial  nests  by  predators 
that  search  visually,  and  potentially  overestimate 
nest  depredation  (Mezquida  and  Marone  2003). 
Lack  of  parental  concealment  or  defense  of 
artificial  nests  may  also  overestimate  nest  depre¬ 
dation  because  activities  of  parents  defending 
nests  can  modify  the  probability  of  depredation 
(Major  and  Kendal  1996,  Part  and  Wretenberg 
2002).  Artificial  nest  estimates  of  depredation 
were  higher  compared  to  data  from  natural  nests. 
Larger  eggs  may  overestimate  survival  because 
small  mammals,  potentially  important  nest  pred¬ 
ators  of  natural  nests  (Major  and  Kendal  1996), 
are  unable  to  crack  through  the  thick  shells  (Roper 
1992,  Maier  and  DeGraaf  2000,  Part  and  Wreten¬ 
berg  2002).  A  plasticine  egg  was  placed  in  each 
nest  to  record  any  attempts  by  smaller  predators  to 
take  eggs. 

Plasticine  eggs  recorded  15  cases  of  likely 
small  mammal  depredation,  nine  of  which  showed 
no  other  evidence  of  depredation.  Absence  of  nest 
defense  by  parents  may  also  result  in  higher  nest 
depredation  rates  of  artificial  nests  (King  et  al. 
1999).  Human  scent  left  during  nest  placement 
may  have  also  increased  the  number  of  olfactory 
predators  (Donalty  and  Henke  2001),  although 
some  studies  have  found  no  relationship  between 
human  scent  and  depredation  risk  (Part  and 
Wretenberg  2002). 

Nests  used  during  the  study  were  found 
throughout  the  breeding  season;  many  were  found 
before  or  during  incubation,  but  a  number  were 
not  found  until  the  nestling  stage.  All  nests  were 
not  discovered  during  the  incubation  stage,  and 
our  study  may  be  biased  against  nests  depredated 
early  in  the  incubation  stage  but  not  found.  It  is 
difficult  to  find  all  nests  during  the  incubation 
stage  because  of  the  secretive  nature  of  Seaside 
Sparrows. 

CONSERVATION  IMPLICATIONS 

Thousands  of  hectares  of  coastal  marsh  habitat 
are  burned  on  refuges  and  private  lands  each  year 
(Mitchell  et  al.  2006),  and  the  impacts  of 
prescribed  burning  on  target  and  non-target 
organisms  have  rarely  been  studied  (Rotenberry 
et  al.  1995,  Whelan  1995,  Mitchell  et  al.  2006). 
Annual  prescribed  burning  of  coastal  marshes  in 
this  study  increased  nest  depredation  rates  of 
Seaside  Sparrows  in  1  year  but  only  during 
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incubation.  The  effects  differed  between  years, 
possibly  due  to  differences  in  annual  rainfall 
patterns.  Species  nesting  primarily  above  ground 
in  woody  shrubs  may  not  be  as  vulnerable  to 
dormant  season  prescribed  burning  because  fire 
does  not  appear  to  impact  woody  shrubs  (e.g.,  Iva 
frutescens,  Baccharis  halimifolia )  as  much  as  it 
does  ground  vegetation.  Woody  shrubs  primarily 
lose  their  foliage  during  a  burn  but  resprout  early 
in  the  season,  while  residual,  dead  ground  marsh 
graminoids  are  removed  by  fire  and  new  spring 
growth  may  not  provide  sufficient  cover  early  in 
the  season.  Many  Seaside  Sparrows  in  the  bum 
treatments  shifted  to  woody  shrubs  as  nest  sites, 
possibly  lessening  the  potential  detrimental  ef¬ 
fects  of  prescribed  burning  (BSA  and  PPM, 
unpubl.  data). 

Fire  is  a  natural  phenomenon  within  marsh 
habitats.  It  historically  occurred  on  an  irregular 
basis  in  the  mid-Atlantic,  and  probably  less 
frequently  than  in  other  regions  where  Seaside 
Sparrows  nest  such  as  along  the  Gulf  Coast  states 
or  in  Florida  (Frost  1998),  which  experience 
higher  daily  lighting  strikes  than  elsewhere  in  the 
United  States  (Purvis  et.  al.  1997).  Frost  (1998) 
estimated  the  pre-settlement  fire  frequency  of  the 
lower  Chesapeake  Bay  drainage  at  4-6  years,  but 
noted  that  natural  fire  frequency  at  a  particular 
site  depends  upon  many  factors,  including  topog¬ 
raphy  and  land  surface  form,  fire  compartment 
size  (areas  of  continuous  fuel  and  no  firebreaks), 
and  lightning  frequency. 

The  extensive  annual  bums  set  by  wildlife 
managers  in  the  mid-Atlantic  states  may  pose 
problems  for  ground-nesting  saltmarsh  species, 
which  may  be  adapted  to  less  frequent,  large-scale 
losses  of  nesting  cover.  Additional  data  on  adult 
survival  and  lifetime  reproductive  success  across 
bum  treatments  over  multiple  years  should  better 
incorporate  the  vagaries  of  climate  and  provide 
additional  insights  into  the  long-term  impacts  of 
this  management  practice.  We  recommend  man¬ 
agers  use  more  precaution  and  increase  the 
periodicity  of  prescribed  burns  in  saltmarsh 
habitats  of  the  Chesapeake  Bay  and  in  other 
regions  of  the  United  States. 
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NEST  BOX  TEMPERATURE  AND  HATCHING  SUCCESS  OF 
AMERICAN  KESTRELS  VARIES  WITH  NEST  BOX  ORIENTATION 

MICHAEL  W.  BUTLER,1,2'4  BUDDY  A.  WHITMAN,1 2'3 4  AND  ALFRED  M.  DUFTY  JR.1 

ABSTRACT. — We  studied  orientation-dependent  differences  in  nest  box  microclimate  and  American  Kestrel  ( Falco 
sparverius )  reproductive  parameters  in  Idaho,  USA.  Unoccupied  nest  boxes  facing  west  were  ~0.6°  C  cooler  than  boxes 
that  faced  south  or  east  and  had  —20%  lower  relative  humidity  levels  than  boxes  facing  all  other  cardinal  directions. 
Clutches  in  occupied  boxes  that  faced  southwest  had  a  proportionately  lower  chance  of  hatching  success  (12  of  21  nests 
were  successful),  defined  as  having  at  least  one  egg  hatch,  than  boxes  that  faced  northwest  (9  of  9  nests)  or  southeast  (9  of 
12  nests).  The  possible  link  between  orientation-dependent  differences  in  microclimate  and  hatching  success,  and  the 
question  of  whether  American  Kestrels  may  select  for  orientation  adaptively  requires  further  investigation.  Received  25 
September  2008.  Accepted  3  June  2009. 


Birds  choose  nest  sites  for  a  variety  of  reasons, 
including  proximity  to  food  resources  (Sergio  et  al. 
2006)  and  risk  of  nest  predation  (Eggers  et  al.  2006, 
Kazama  2007).  Microclimate  within  the  nest, 
especially  temperature  and  humidity,  may  also  be 
a  factor  (Wiebe  2001).  Secondary  cavity  nesters  are 
particularly  limited  by  nest  site  availability  as  they 
rely  on  existence  of  previously  constructed  cavi¬ 
ties.  They  cannot  alter  the  structure  of  the  cavity 
significantly  and  may  optimize  microclimate  by 
selecting  nest  sites  at  optimal  topographic  slope  or 
aspect  (Forsman  and  Giese  1997),  or  specific  nests 
that  have  a  compass  orientation  associated  with 
desirable  thermal  characteristics. 

There  is  some  evidence  that  entrance  orienta¬ 
tion  and  nest  box  temperature  are  related  (Wiebe 
2001,  Ardia  et  al.  2006).  Some  birds  seem  to 
actively  choose  certain  cavities  based  on  compass 
orientation  (Rendell  and  Robertson  1994,  Valk- 
ama  and  Korpimaki  1999),  even  after  accounting 
for  availability  of  existing  excavated  cavities 
(Raphael  1985).  Conversely,  there  are  several 
studies  in  which  orientation  of  cavity  entrance  did 
not  seem  to  affect  nest  site  selection  (Gutzwiller 
and  Anderson  1987,  Belthoff  and  Ritchison  1990). 

The  actual  benefit,  as  measured  by  reproductive 
success,  of  entrance  orientation  is  also  ambiguous. 
Some  species  that  exhibit  a  nest  site  preference 
based  on  entrance  direction  also  show  a  correla¬ 
tion  between  preferred  direction  and  increased 
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clutch  size  (Wiebe  2001).  The  preferred  direction 
in  other  studies  was  not  correlated  with  reproduc¬ 
tive  benefit  (Rendell  and  Robertson  1994,  Valk- 
ama  and  Korpimaki  1999).  Lloyd  and  Martin 
(2004)  found  that  Chestnut-collared  Longspurs 
(Calcarius  ornatus )  strongly  prefer  to  orient  nests 
to  the  southeast,  even  though  their  nestlings  grow 
more  slowly  and  are  smaller  when  they  fledge. 
The  chosen  directions  in  studies  where  a  prefer¬ 
ence  does  exist  varies  among  species  (Dobkin  et 
al.  1995)  (e.g.,  ENE,  American  Kestrels  [Falco 
sparverius ]  Raphael  1985;  SSE,  Tree  Swallows 
[ Tachycineta  bicolor ]  Rendell  and  Robertson 
1994;  SSW,  Northern  Flicker  [Colaptes  auratus] 
Wiebe  2001)  suggesting  that  preferences  vary 
according  to  local  conditions. 

Most  studies  of  nest  site  selection  by  secondary 
cavity  nesters  have  examined  natural  or  wood¬ 
pecker-excavated  cavities  (Gutzwiller  and  Ander¬ 
son  1987),  or  artificial  nest  boxes  of  varying  sizes 
(Valkama  and  Korpimaki  1999).  These  studies 
contain  cavities  that,  while  differing  in  orienta¬ 
tion,  also  differ  in  height  above  the  ground 
(Butcher  et  al.  2002),  size  (Belthoff  and  Ritchison 
1990),  or  age  of  the  cavity  (Butcher  et  al.  2002). 
We  present  data  from  two  separate  studies  of 
American  Kestrels  using  artificial  nest  boxes  to 
examine  two  questions.  First,  we  used  an 
experimental  approach  to  examine  whether  light 
levels,  temperature,  or  humidity  in  unoccupied 
nest  boxes  vary  as  a  function  of  orientation. 
Second,  we  examined  hatching  data  from  a 
separate  study  site  to  test  correlations  among  nest 
box  orientation  and  reproductive  variables. 

METHODS 

We  constructed  wooden  nest  boxes  (21  X  21  X 
46  cm;  width  X  depth  X  height),  appropriate  for 
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use  by  kestrels,  during  spring  2004.  These  boxes 
were  allocated  for  use  in  one  of  two  experiments. 
In  the  first  experiment,  avian  access  to  box 
interiors  was  eliminated  to  provide  data  concern¬ 
ing  unoccupied  boxes.  In  the  second  experiment, 
boxes  were  erected  for  use  by  kestrels,  allowing 
an  examination  of  nest  choice  by  kestrels  as  well 
as  reproductive  values  as  a  function  of  entrance 
orientation.  All  nest  boxes  were  erected  in  Ada  or 
Canyon  counties,  Idaho,  USA  (43°  33'  N,  116° 
27'  W). 

We  prevented  access  to  12  boxes  by  attaching 
squares  of  hardware  cloth  over  the  openings  in  the 
first  experiment.  We  placed  these  boxes  3  m  from 
the  ground  in  groups  of  four  on  three  different 
utility  poles  in  sagebrush  ( Artemisia  tridentata) 
steppe.  The  opening  in  each  box  within  each  array 
faced  one  of  the  four  different  cardinal  directions 
(N,  S,  E,  and  W).  We  attached  a  data  logger 
(HOBO®  H8  4-channel,  Onset  Computer  Corpo¬ 
ration,  Pocasset,  MA,  USA)  within  each  box 
opposite  the  box’s  entrance  and  15  cm  from  the 
base  of  the  box.  Data  loggers  were  programmed  to 
record  temperature  (°C),  relative  humidity,  and 
light  density  (lumens/m2)  every  hour,  from  1  April 
until  15  August  2005,  covering  the  beginning  of 
the  egg  laying  period  through  the  end  of  the 
nestling  period.  Values  were  calculated  to  yield  a 
daily  average,  minimum,  maximum,  and  range. 

The  remaining  boxes  were  attached  to  utility 
poles  along  rural  roads  in  sagebrush  steppe  and 
irrigation-dependent  agricultural  fields  at  a  height 
of  —2.5  m.  We  do  not  have  data  regarding 
microhabitat  differences  among  nest  sites  that 
may  be  an  important  factor  in  the  kestrel 
reproductive  variables  we  measured,  but  we 
subjectively  characterize  our  study  site  as  generally 
flat  and  uniform  in  vegetation  cover.  We  used  the 
breeding  season  of  2004  to  let  the  boxes  become 
weathered  and  to  lose  any  human  or  fresh  wood 
odors.  We  recorded  nest  box  occupancy,  denoted 
by  the  presence  of  eggs,  in  April  through  August 
2005,  the  same  period  that  data  loggers  were 
collecting  data  for  the  first  experiment.  We  also 
measured  hatching  success  (minimum  of  1  egg 
hatching),  date  eggs  were  laid  and  hatched,  and  the 
number  of  young  that  hatched.  We  do  not  have 
complete  data  on  fledging  success,  although  we 
suspect  that  hatching  and  fledging  success  are 
tightly  correlated  (pers.  obs.).  Entrance  orientations 
of  these  boxes  were  measured  with  a  compass. 

All  calculations  (daily  average,  daily  maxi¬ 
mum,  daily  minimum,  and  daily  flux)  were 


correlated  for  temperature  (all  P  <  0.001,  r  > 
0.35),  relative  humidity  (all  P  <  0.008,  r  >  0.09), 
and  light  levels  (all  P  <  0.001,  r  >  0.25).  We  did 
not  statistically  test  all  calculations  to  reduce  the 
likelihood  of  a  Type  II  error,  but  examined  daily 
averages  for  temperature,  humidity,  and  light.  We 
used  a  different  repeated  measures  ANOVA  for 
each  variable  of  interest  with  day  as  the  repeated 
measure  and  the  pole  on  which  the  boxes  were 
placed  as  a  blocking  factor.  We  did  not  use  a 
Bonferroni  correction  among  these  variables  as 
each  was  independent  of  the  others,  and  each  was 
of  interest  (Nakagawa  2004). 

The  remaining  boxes  ( n  =  59)  were  placed  into 
one  of  four  categories  (NE,  NW,  SE,  and  SW)  to 
examine  occupancy  and  hatching  success  as  a 
function  of  orientation.  These  boxes  were  approx¬ 
imately  at  intercardinal  directions  because  we 
needed  to  be  able  to  easily  access  the  boxes  from 
the  road  (which  were  oriented  along  the  cardinal 
directions)  while  avoiding  having  the  entrances 
toward  the  road,  which  could  increase  fledgling 
mortality  due  to  car  collisions.  The  kestrel  nesting 
data  were  not  normally  distributed  ( n  =  42 
occupied  nest  boxes),  and  we  used  non-parametric 
tests  when  examining  differences  in  date  of  clutch 
initiation  and  the  number  of  nestlings  as  a 
function  of  nest  box  orientation.  We  used 
ANOVA  or  Chi-square  analyses  as  appropriate 
to  examine  differences  among  groups.  Chi-square 
analyses  had  expected  counts  of  less  than  five, 
and  we  used  the  log-likelihood  ratio  option  (Zar 
1999).  Additionally,  because  of  a  small  sample 
size  of  northeast-facing  boxes  ( n  =  4),  we  used 
Chi-square  analyses  both  with  northeast-facing 
boxes  and  without,  which  yielded  no  qualitative 
differences.  All  data  were  analyzed  using  SAS 
(Version  9.1;  SAS  Institute  2003). 

RESULTS 

There  was  an  orientation-based  difference  in 
average  temperature  among  boxes  (F3i &  =  8.05,  P 
=  0:016).  Westerly  facing  boxes  had  a  signifi¬ 
cantly  lower  average  temperature  than  boxes 
facing  either  south  (P  =  0.006)  or  east  ( P  = 
0.007;  Fig.  1). 

Average  levels  of  ambient  light  within  boxes 
did  not  vary  according  to  nest  box  orientation 
(F36  =  1.76,  P  =  0.25)  but  average  levels  of 
relative  humidity  differed  (F36  =  133.82,  P  < 
0.0001).  Boxes  facing  west  had  lower  average 
relative  humidity  than  all  other  directions  (all  P  < 
0.0001,  Fig.  2). 
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FIG.  1.  Mean  temperature  (°C)  within  unoccupied  American  Kestrel  nest  boxes  as  a  function  of  nest  box  orientation. 
Boxes  facing  west  had  lower  temperatures  (P  <  0.01)  than  boxes  facing  south  or  east.  Error  bars  represent  1  SE. 


Occupancy  (Likelihood-ratio:  x2  =  0.65,  df  = 
2,  P  =  0.72),  date  of  clutch  initiation  (Kruskal- 
Wallis:  x2  =  0.31,  df  =  3,  P  =  0.96),  date  of  the 
first  egg  hatching  (F3>2 8  =  0.07,  P  =  0.97),  and 
number  of  young  that  successfully  hatched 
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(Kruskal-Wallis:  f  =  1.29,  df  =  3 ,  P  =  0.73) 
were  not  related  to  orientation.  Nests  in  boxes 
oriented  to  the  southwest  were  less  likely  to 
successfully  hatch'  young  (Likelihood-ratio:  x2  = 
8.08,  df  =  2,  P  =  0.018,  Fig.  3). 
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Direction 

FIG.  2.  Mean  relative  humidity  (%)  within  unoccupied  American  Kestrel  nest  boxes  as  a  function  of  nest  box 
orientation.  Boxes  facing  west  had  lower  humidity  levels  (P  <  0.0001 )  than  boxes  facing  north,  south,  or  east.  Error  bars 
represent  1  SE. 
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FIG.  3.  Number  of  boxes  that  were  unoccupied  (hatched  bars;  no  eggs  present),  occupied  and  successful  (black  bars;  at 
least  1  egg  hatched)  or  occupied  and  unsuccessful  (white  bars;  no  eggs  hatched),  as  a  function  of  nest  box  orientation. 
Boxes  facing  southwest  had  a  greater  (P  =  0.018)  proportion  of  unsuccessful  nests  than  boxes  facing  in  other  directions. 


DISCUSSION 

Microclimate,  specifically  the  average  temper¬ 
ature  and  relative  humidity  in  unoccupied  Amer¬ 
ican  Kestrel  nest  boxes  varied  according  to  nest 
box  orientation.  Boxes  that  faced  west  were 
generally  cooler  and  had  lower  humidity  levels. 
There  was  also  a  correlation  between  hatching 
success  and  orientation.  Kestrels  that  nested  in 
boxes  oriented  to  the  southwest  had  a  lower 
probability  of  hatching  success  than  those  that 
nested  in  boxes  facing  other  directions.  This 
finding  should  not  be  viewed  as  causal,  as  there 
are  other  potentially  causal  covariates  that  we  did 
not  measure.  We  found  no  correlation  among 
orientation  and  any  other  aspects  of  kestrel 
biology,  including  nest  box  occupancy,  number 
of  nestlings,  date  of  clutch  initiation,  or  date  of 
hatching. 

Our  finding  that  boxes  facing  west  were 
slightly  cooler  than  boxes  facing  other  directions 
is  in  contrast  to  other  studies.  Ardia  et  al.  (2006) 
reported  that  east-  and  north-facing  Tree  Swallow 
boxes  in  Massachusetts  were  cooler,  and  Wiebe 
(2001)  found  that  south-facing  cavities  of  North¬ 
ern  Flickers  in  British  Columbia  were  significant¬ 
ly  warmer.  It  is  possible  that  differences  in  habitat 
and  geography  contributed  to  the  observed 
differences.  Alternatively,  latitude  may  be  a 


factor,  as  the  angle  at  which  the  sun  strikes  the 
nest  changes  with  latitude. 

The  reason  for  the  lower  hatching  success  in 
southwest-facing  boxes  is  unclear.  It  is  tempting 
to  invoke  differences  in  microclimate,  as  our 
findings  show  that  westerly-facing  boxes  were 
cooler  on  average  than  southerly-facing  boxes. 
Unfortunately  our  experimental  design  did  not 
assess  differences  in  the  intercardinal  directions.  It 
is  also  important  to  note  that  while  hatching 
success  varied  by  direction,  the  number  of 
nestlings  did  not  vary  by  orientation  within 
successful  nests.  This  finding  implies  that  orien¬ 
tation-associated  differences  occur  during  the 
incubation  stage  in  an  all-or-nothing  manner. 

Occupancy  of  boxes  did  not  vary  according  to 
orientation,  even  though  boxes  that  faced  south¬ 
west  had  a  lower  chance  of  hatching  success.  One 
would  expect  a  preference  to  evolve  if  there  were 
predictable  costs  to  choosing  boxes  with  orienta¬ 
tions  that  result  in  decreased  reproductive  param¬ 
eters.  We  generated  four  possible  explanations  for 
the  lack  of  association  between  decreased  hatch¬ 
ing  success  and  occupancy.  First,  the  trends  in 
hatching  success  we  observed  may  differ  across 
years,  thereby  eliminating  directional  selection. 
Second,  the  orientation-associated  differences  in 
hatching  success  may  vary  over  large  spatial 
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scales  and,  as  young  disperse,  local  adaptations 
may  no  longer  increase  fitness.  Third,  kestrels 
evolved  by  taking  advantage  of  natural  cavities, 
and  thermal  or  hatching  success  differences 
manifested  in  nest  boxes  may  differ  from  those 
in  natural  cavities.  Fourth,  our  data  are  correla¬ 
tional,  and  should  only  be  considered  a  first  step 
in  establishing  variation  in  hatching  success  in 
kestrels  as  a  function  of  orientation. 
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CHILEAN  SWALLOWS  ( TACHYCINETA  MEYENI)  ADJUST  THE 
NUMBER  OF  FEATHERS  ADDED  TO  THE  NEST  WITH  TIME 

OF  BREEDING 

MARCELA  LILJESTHROM,1-3  ADRIAN  SCHIAVINI,1  AND  JUAN  C.  REBOREDA2 

ABSTRACT. — Tachycineta  swallows  nest  in  secondary  cavities  and  build  nests  made  of  a  mat  of  dry  grasses  with  a  nest 
cup  lined  with  feathers.  The  insulative  quality  of  feathers  may  prevent  hypothermia  of  the  chicks  and  increase  chick  growth, 
but  also  may  raise  the  risk  of  nestling  hyperthermia  if  ambient  temperature  is  high.  The  number  of  feathers  added  to  the  nest 
should  vary  throughout  the  breeding  season  according  to  ambient  temperature.  We  describe  nest  structure  and  timing  of 
nest  building  of  Chilean  Swallows  ( Tachycineta  meyeni)  nesting  in  Tierra  del  Fuego,  Argentina.  We  analyzed  the 
association  between  number  of  feathers  in  the  nest  and  (1)  daily  ambient  temperature  during  the  period  swallows  add 
feathers  to  the  nest,  and  (2)  hatching  success  of  eggs  and  survival  and  growth  of  the  chicks.  There  was  a  negative 
association  between  number  of  feathers  added  to  the  nest  and  average  daily  ambient  temperature  during  the  nesting  cycle. 
Hatching  success  was  not  associated  with  number  of  feathers  at  start  of  laying  or  at  the  end  of  incubation.  There  was  no 
association  between  number  of  feathers  and  chick  survival  or  between  number  of  feathers  and  average  weight  of  the  chicks 
when  they  were  12  and  15  days  of  age.  Chilean  Swallows  make  temporal  adjustments  to  the  number  of  feathers  added  to 
the  nest.  We  suggest  these  adjustments  may  help  maintain  reproductive  success  throughout  the  breeding  season.  Received 
28  January  2009.  Accepted  3  May  2009. 


An  important  characteristic  of  nests,  which 
generally  has  an  effect  on  reproductive  success,  is 
amount  of  insulating  material  placed  within  them. 
Many  bird  species  use  feathers,  hair  or  other 
materials  with  good  insulating  properties  as  nest 
lining  material.  Differences  in  type  and  amount  of 
insulation  may  affect  timing  of  breeding  (O’Con¬ 
nor  1978),  incubation  rhythms  (White  and  Kinney 
1974,  Mpller  1991),  incubation  energetics  (Skow- 
ron  and  Kern  1980),  incubation  time  (Lombardo 
et  al.  1995),  nestling  growth  (Mpller  1991, 
Winkler  1993,  Lombardo  et  al.  1995),  brood 
thermoenergetics  (Mertens  1977),  and  risk  of 
nestling  hyperthermia  (Lombardo  1994). 

Tachycineta  swallows  nest  in  secondary  cavi¬ 
ties  and  build  nests  of  a  mat  of  dry  grasses  with  a 
nest  cup  lined  with  feathers  (Dyrcz  1984,  Brown 
et  al.  1992,  Winkler  1993,  Allen  1996,  Bulit  and 
Massoni  2004,  Townsend  et  al.  2008).  The  effect 
of  nest  feathers  on  reproductive  success  has  been 
experimentally  examined  in  Tree  Swallows  ( T . 
bicolor ),  where  removal  of  feathers  reduces  chick 
growth,  possibly  as  a  result  of  chicks’  hypother¬ 
mia  before  they  become  fully  homoeothermic 
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(Winkler  1993,  Lombardo  et  al.  1995).  Similarly, 
Dawson  et  al.  (2005)  experimentally  demonstrat¬ 
ed  the  importance  of  ambient  temperature  during 
this  period.  These  authors  showed  that  raising  the 
nest  temperature  by  5°  C  when  nestlings  of  Tree 
Swallows  are  4  days  of  age  enhances  nestling 
survival,  and  results  in  heavier  nestlings  with 
longer  primary  feathers  at  16  days  of  age 
compared  to  nestlings  in  control  nests. 

The  benefit  of  adding  feathers  to  the  nest  may 
vary  temporally  throughout  the  breeding  season. 
Well-insulated  nests  of  Tree  Swallows  may  be 
advantageous  early  in  the  season,  when  ambient 
temperatures  are  low  and  eggs  and  chicks  are 
vulnerable  to  hypothermia,  but  may  become 
disadvantageous  late  in  the  season,  when  higher 
ambient  temperatures  increase  risk  of  nestling 
hyperthermia  (Lombardo  1994). 

Within  Tachycineta  swallows,  the  Chilean 
Swallow  ( T .  meyeni)  has  the  southernmost 
breeding  range.  This  species  experiences  low 
ambient  temperatures  during  the  temperate  breed¬ 
ing  season  and  the  effect  of  nest  feathers  on 
reproductive  success  should  be  important.  We 
describe  the  nest  structure  and  timing  of  nest 
building  of  Chilean  Swallows  nesting  in  nest 
boxes  in  Tierra  del  Fuego,  Argentina,  the  southern 
limit  of  the  species'  range.  To  date,  the  reproduc¬ 
tive  biology  of  this  species  has  not  been  studied. 
Our  objectives  were  to:  (1)  analyze  the  association 
between  number  of  feathers  added  to  the  nest  and 
ambient  temperature  throughout  the  breeding 
season,  and  (2)  analyze  if  the  number  of  feathers 
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is  associated  with  hatching  success  of  eggs  and 
survival  and  growth  of  chicks.  We  expected  the 
number  of  feathers  to  be  negatively  correlated 
with  temperature  without  any  detrimental  effect 
on  reproductive  success  if  Chilean  Swallows 
adjust  the  number  of  feathers  in  the  nest  according 
to  ambient  temperature. 

METHODS 

Study  Site. — The  study  was  conducted  at  two 
sites  near  the  city  of  Ushuaia,  Tierra  del  Fuego, 
Argentina.  Site  A  (54°  44'  S,  61°  13'  W)  was 
1 1  km  northeast  of  Ushuaia,  while  site  B  (54°  53' 
S,  67°  20'  W)  was  at  Harberton  Ranch,  85  km 
east  of  Ushuaia.  The  study  area  is  part  of  the 
biogeographic  region  of  the  Andean-Patagonic 
Woodland.  Monthly  average  ambient  temperature 
during  the  breeding  season  ranges  between  5.9°  C 
in  October  and  9.6°  C  in  January,  while  monthly 
average  precipitation  ranges  from  33.1  mm  in 
October  and  54. 1  mm  in  December. 

Study  Species. — Chilean  Swallows  are  austral 
migrants  that  remain  in  our  study  area  from  mid 
October  to  mid  March.  Egg  laying  occurs  from 
late  October  to  early  January  and  the  last  chicks 
fledge  in  early  February.  This  species  lays  from 
two  to  five  eggs  (modal  clutch  size  =  4  eggs), 
which  are  incubated  for  17.5  days  on  average. 
Chicks  fledge  at  21-29  days  of  age  (modal  time: 
26.5  days)  with  a  weight  of  20-21  g.  Adult 
weight  is  17  g  for  males  and  19  g  for  females 
(M.  Liljesthrom,  unpubl.  data). 

Data  Collection. — The  study  was  conducted 
during  the  breeding  seasons  of  2006-2007  and 
2007-2008.  We  placed  88  and  62  nest  boxes  at 
sites  A  and  B,  respectively  to  facilitate  data 
collection.  Nest  boxes  were  in  trees  or  on  fence 
poles  at  a  height  of  1 .5  m  and  separated  by  at  least 
20  m.  The  external  dimensions  of  the  boxes  were 
25.4  X  16.5  X  17.8  cm  (height,  width,  depth), 
while  the  internal  dimensions  were  23.8  X  12.7  X 
12.7  cm.  Boxes  had  a  3.5  cm  diameter  entrance 
hole  and  a  lateral  opening  that  allowed  us  to 
monitor  progress  of  the  nest. 

We  recorded  71  breeding  attempts  (i.e.,  nests  in 
which  eggs  were  laid),  30  in  2006-2007,  and  41  in 
2007-2008.  We  analyzed  data  from  63  breeding 
attempts  for  which  we  could  measure  all  variables 
(26  in  2006-2007  and  37  in  2007-2008). 

We  started  monitoring  nest  boxes  in  mid 
October.  Nest  boxes  were  visited  every  other 
day  until  start  of  nest  building  (the  day  the  first 
nesting  material  was  observed  inside  the  nest 


box).  We  checked  nest  boxes  daily  during  nest 
building,  and  recorded  the  height  of  the  nest  (from 
the  floor  of  the  nest  box  to  the  top  of  the  nest 
border),  and  the  number  of  feathers  inside  and 
outside  the  nest  cup.  We  counted  the  number  of 
feathers  until  start  of  laying  and  then  after  the  last 
chick  fledged  or  the  nest  failed.  We  estimated  the 
number  of  feathers  added  during  laying  and 
incubation  (we  did  not  observe  adding  of  feathers 
during  the  nestling  period)  as  the  number  of 
feathers  after  the  chicks  fledged  minus  the  number 
of  feathers  when  laying  started.  We  calculated  the 
total  number  of  feathers  in  the  nest  as  the  sum  of 
the  number  of  feathers  inside  and  outside  the  nest 
cup. 

We  checked  nests  daily  during  laying  and  every 
other  day  during  incubation,  except  near  the 
expected  hatching  date,  when  we  visited  nests 
daily.  We  checked  nests  every  second  or  third  day 
during  the  nestling  period  until  chicks  were 
15  days  of  age  (to  avoid  premature  fledgling 
induced  by  the  investigator).  All  chicks  were 
weighed  to  the  nearest  0.1  g  with  a  Pesola  spring 
balance  during  these  visits.  We  recorded  clutch 
size,  number  of  eggs  before  hatching,  number  of 
chicks  hatched,  number  of  chicks  fledged,  and  if 
the  nest  was  successful  (fledged  at  least  1  chick) 
or  failed.  We  estimated  hatching  success  as  the 
number  of  hatched  chicks  divided  by  the  number 
of  eggs  at  the  time  of  hatching,  and  chick  survival 
as  the  number  of  fledged  chicks  divided  by  the 
number  of  chicks  that  hatched.  We  used  brood 
mean  weights  for.  analysis  of  the  association 
between  number  of  feathers  and  weight  of  the 
chicks.  We  considered  1  October  as  the  first  day 
of  the  breeding  season  and  all  dates  are  reported 
relative  to  that  day. 

Data  for  ambient  temperature  were  provided  by 
the  Environmental  and  Geographic  Information 
Service  of  the  Austral  Center  of  Scientific 
Research  (Servicio  de  Information  Ambiental  y 
Geografica,  Centro  Austral  de  Investigaciones 
Cientificas,  CADIC-CONICET)  in  Ushuaia.  We 
used  data  from  two  weather  stations;  one  near  site 
A,  and  the  other  near  site  B.  These  stations 
recorded  ambient  temperatures  every  hour.  We 
calculated  mean  daily  temperatures  for  our 
analyses  and  then,  for  each  nest,  the  average 
temperatures  during  nest  building  and  during 
laying  and  incubation. 

Statistical  Analysis. — We  used  nonparametric 
statistics  for  analyses  due  to  lack  of  normality  of 
the  data  and  small  sample  sizes  of  the  groups.  We 
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TABLE  1.  Number  of  feathers  added  inside  and  outside  the  nest  cup  from  start  of  nest  building  until  the  first  egg,  and 
during  laying  and  incubation.  Values  indicate  mean  ±  SE.  Range  is  indicated  between  parentheses.  Number  of  nests 
analyzed  was  63  for  nest  building  and  43  for  laying  and  incubation. 

Number  of  feathers  added  to  nest 

Inside  nest  cup 

Outside  nest  cup 

Totals 

Nest  building 

18.4  ±  1.1  (5M5) 

10.3  ±  0.9  (0-30) 

28.7  ±  1.9  (6-75) 

Laying  and  incubation 

114.4  ±  6.2  (20-202) 

32.0  ±  2.5  (27-93) 

146.4  ±  6.8  (33-261) 

Entire  nesting  cycle 

133  ±  6.5  (35-237) 

42.3  ±  2.7  (15-108) 

175.3  ±  7.4  (53-290) 

did  not  find  differences  between  years  (Mann 
Whitney  U  test,  z  =  0.20,  P  =  0.84)  or  sites 
(Mann  Whitney  U  test,  z>=  — 1.0,  P  =  0.30)  in 
number  of  feathers  added  to  the  nest  and  pooled 
the  data.  Statistical  analyses  were  performed  using 
StatView  Version  5.0  statistical  software  (SAS 
Institute  1998).  All  P-values  are  two-tailed  with 
alpha  (P)  set  at  0.05.  Data  are  presented  as  means 
±  standard  errors. 


RESULTS 

Nest  Structure  and  Timing  of  Nest  Building. — 
Chilean  Swallow  nests  consist  of  a  base  of  dry 
grasses  with  woven  feathers  and  a  nest  cup  lined 
with  feathers.  Nest  building  occurred  from  late 
October  to  early  December  (n  =  11  nests  in 
October,  n  =  44  nests  in  November,  n  =  8  nests 
in  December).  Nest  height  was  5.2  ±  0.1  cm 
(range:  3-7  cm,  n  =  63  nests).  The  addition  of 
feathers  to  the  nest  in  all  nest  cups  began  before 
egg  laying.  Feathers  used  as  lining  were  mostly 
from  Upland  Goose  (Chloephaga  picta).  The 
number  of  days  elapsed  between  start  of  nest 
bililding  and  the  first  egg  was  19.1  ±  1.1  (median: 
18  days,  range:  5-39  days,  n  =  63  nests). 
Construction  of  the  nest  cup  started  5.1  ± 
0.8  days  (median:  2  days,  range:  0-27  days,  n  = 
63  nests)  after  start  of  nest  building. 

The  number  of  feathers  inside  and  outside  the 
nest  cup  at  time  of  laying  was  18.4  ±  1.1  and  10 
±  0.9,  respectively  (Table  1).  These  values 
represented  only  16%  of  the  total  number  of 
feathers.  The  remaining  84%  were  added  during 
the  incubation  period  (swallows  were  not  ob¬ 
served  adding  feathers  to  nests  during  the  nestling 
period).  The  final  number  of  feathers  inside  and 
outside  the  nest  cup  was  133  ±  6.5  and  42.3  ± 
2.7,  respectively  (Table  1). 

Number  of  Feathers,  Time  of  Breeding,  and 
Ambient  Temperature. — The  total  number  of 
feathers  added  before  egg  laying  decreased  with 
date  at  which  nest  building  started  (Spearman 
rank  correlation:  p  =  —0.33,  z  =  —2.58,  P  = 


0.01,  n  =  63,  Fig.  1A).  Total  time  spent  building 
nests  decreased  with  date  of  nest  building 
(Spearman  rank  correlation:  p  =  —0.49,  z  = 
-3.82,  P  =  0.0001,  n  =  63).  However,  the 
number  of  feathers  added  per  day  before  egg 
laying  did  not  vary  with  date  of  nest  building 
(Spearman  rank  correlation  p  =  0.14,  z  =  1.09,  P 
=  0.28,  n  =  63).  The  number  of  feathers  added 
during  laying  and  incubation  decreased  with  date 
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Date  of  start  of  egg  laying  (day  0  =  1  Oct) 


FIG.  1.  (A)  Number  of  feathers  added  to  the  nest  from 

start  of  nest  building  until  the  first  egg,  and  (B)  number  of 
feathers  added  to  the  nest  during  laying  and  incubation.  The 
X  axis  (A)  indicates  the  day  the  first  nest  material  was 
added  to  the  nest  box  while  (B )  indicates  the  day  the  first 
egg  was  laid.  Numbers  of  nests  in  (A)  and  (B)  are  63  and 
48,  respectively. 
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FIG.  2.  (A)  Number  of  feathers  added  to  the  nest  from 

start  of  nest  building  until  the  first  egg,  and  (B)  number  of 
feathers  added  to  the  nest  during  laying  and  incubation.  The 
X  axis  (A)  indicates  the  daily  average  temperature  during 
nest  building  while  (B)  indicates  the  daily  average 
temperature  during  laying  and  incubation.  Numbers  of 
nests  in  (A)  and  (B)  are  63  and  48,  respectively. 
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FIG.  3.  (A)  Proportion  of  eggs  present  in  the  nest  at  end 

of  incubation  period  that  hatched  and  (B)  weight  of  chicks 
(brood  averages)  at  day  12  of  age  (day  0  of  age  =  day 
chicks  hatched)  in  nests  with  different  number  of  feathers 
(i.e.,  total  number  of  feathers  added  during  nest  building, 
laying  and  incubation).  Numbers  of  nests  in  (A)  and  (B)  are 
5 1  and  46,  respectively. 


of  egg  laying  (Spearman  rank  correlation  p  = 
-0.3,  z  =  -2.06,  P  =  0.04,  n  =  48,  Fig.  IB). 

There  was  a  significant  negative  correlation 
between  number  of  feathers  added  to  the  nest 
during  nest  building  and  mean  daily  ambient 
temperature  during  this  period  (Spearman  rank 
correlation  p  =  —0.46,  z  =  —3.65,  P  =  0.0003,  n 
=  63,  Fig.  2A).  There  was  a  non-significant 
negative  association  between  number  of  feathers 
added  to  the  nest  during  laying  and  incubation, 
and  mean  daily  ambient  temperature  during  this 
period  (Spearman  rank  correlation  p  =  —0.28,  z 
=  —1.9,  P  =  0.06,  n  =  48,  Fig.  2B). 

Number  of  Feathers  and  Reproductive  Suc¬ 
cess. — We  did  not  detect  an  association  between 
number  of  feathers  in  the  nest  and  different 
components  of  the  reproductive  success  of  the 
breeding  pair.  Twelve  of  63  nests  were  deserted 
during  incubation  and  five  of  51  nests  were 
deserted  during  the  nestling  period.  There  were  no 


differences  in  total  number  of  feathers  between 
nests  that  fledged  chicks  and  those  that  failed 
during  the  nestling  stage  (Mann  Whitney  U  test,  z 
=  —1.13,  P  =  0.26).  Hatching  success  was  0.86 
±  0.03  (n  =  51)  and  was  not  associated  with  total 
number  of  feathers  either  at  the  start  of  laying 
(Spearman  rank  correlation  p  =  0.02,  z  =  0.17,  P 
=  0.87,  n  —  51),  or  at  the  end  of  the  incubation 
period  (Spearman  rank  correlation  p  =  0.13,  z  = 
0.91,  P  =  0.36,  n  =  46,  Fig.  3 A).  Chick  survival 
was  0.98  ±  0.01  and  was  not  associated  with  total 
number  of  feathers  (Spearman  rank  correlation  p 
=  0.02,  z  =  0.15,  P  =  0.88,  n  =  45,  Fig.  3B). 
There  was  no  association  between  total  number  of 
feathers  and  weight  of  chicks  when  they  were 
12  days  of  age  (20.0  ±  0.34  g,  Spearman  rank 
correlation  p  =  —0.03,  z  =  —0.17,  P  =  0.87,  n  = 
42,  Fig.  3B)  or  when  they  were  15  days  of  age 
(21.2  ±  0.36  g,  Spearman  rank  correlation  p  = 
-0.15,  z  =  -0.86,  P  =  0.39,  n  =  34). 
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DISCUSSION 

Nest  Structure  and  Timing  of  Nest  Building. — 
The  general  structure  of  Chilean  Swallow  nests 
was  similar  to  that  described  for  other  species  of 
the  genus  (T.  albilinea :  Dyrcz  1984,  T.  thalassina: 
Brown  et  al.  1992,  T.  bicolor.  Winkler  1993,  T. 
cyaneoviridis :  Allen  1996,  T.  leucorrhoa :  Bulit 
and  Massoni  2004,  and  T.  euchrysea :  Townsend  et 
al.  2008).  Some  of  these  species  use  other 
materials  in  addition  to  feathers  for  nest  lining 
(i.e.,  cow  and  horse  hair,  lamb’s  wool,  soft  plant 
material),  but  they  all  build  nests  that  consist  of  a 
base  of  dry  grasses  or  pine  needles  and  a  cup  lined 
with  feathers.  Nest  building  time  for  Chilean 
Swallows  was  similar  to  that  of  White-ramped 
Swallows  (19.1  ±  1.1  vs.  15.8  ±  1.6  days,  Bulit 
and  Massoni  2004)  and  both  species,  as  well  as 
Tree  Swallows  (Winkler  1993),  began  adding 
feathers  to  the  nest  cup  before  egg  laying. 

Number  of  Feathers,  Time  of  Breeding,  and 
Ambient  Temperature. — Our  results  support  the 
prediction  that  Chilean  Swallows  add  fewer 
feathers  to  their  nests  with  time  of  breeding, 
likely  taking  into  account  ambient  temperature 
during  the  period  when  they  add  the  feathers.  This 
negative  association  could  also  be  the  result  of 
competition  between  breeding  pairs  for  a  limited 
number  of  feathers  (i.e.,  as  more  pairs  start 
building  nests,  there  are  less  feathers  available). 
However,  this  is  an  unlikely  explanation  as  we 
observed  the  daily  number  of  feathers  added  to  the 
nest  did  not  vary  with  time  of  breeding,  which 
indicates  that  breeding  pairs  were  able  to  obtain 
feathers  at  the  same  rate  throughout  the  breeding 
season. 

Chilean  Swallows  that  started  nest  building  late 
in  the  season  spent  less  time  building  the  nest  and 
began  laying  with  fewer  feathers  than  those  which 
started  nest  building  early  in  the  season.  This 
pattern  was  similar  to  that  reported  for  White- 
rumped  Swallows  (Bulit  and  Massoni  2004). 
However,  White-rumped  Swallows  increase  the 
total  number  of  feathers  added  to  the  nest  with 
time  of  breeding,  suggesting  that  in  this  species 
other  factors  besides  ambient  temperature  may 
influence  the  number  of  feathers  added  to  the  nest. 

Nest  linings  are  usually  thicker  in  cold  climates 
(Collias  and  Collias  1984),  and  variations  in 
insulative  qualities  of  nests  among  different 
populations  or  subspecies  are  correlated  with 
local  temperatures  (Schaefer  1980).  We  expected 
those  species  within  Tachycineta  nesting  in  colder 


areas  would  add  more  feathers  to  their  nest  than 
those  nesting  in  warmer  areas.  Accordingly,  the 
number  of  feathers  at  the  start  of  laying  was 
almost  six  times  larger  for  Chilean  Swallows  than 
for  Tree  Swallows  (Winkler  1993).  Mean  daily 
ambient  temperature  during  the  breeding  season 
of  Tree  Swallows  in  Winkler’s  study  area  (Ithaca, 
NY,  USA;  42°  30'  N,  76°  27'  W)  is  -17°  C 
(NRCC  2000)  whereas  temperature  during  the 
breeding  season  of  Chilean  Swallows  in  our  study 
area  is  —9°  C.  However,  the  number  of  feathers  in 
nests  of  Chilean  Swallows  at  start  of  laying  was 
similar  to  that  of  White-Rumped  Swallows,  which 
experience  mean  daily  ambient  temperatures 
during  the  breeding  season  similar  to  those  of 
Tree  Swallows  (18°  C,  SMN  2000).  A  similar 
pattern  was  observed  when  we  compared  the  total 
number  of  feathers  at  the  end  of  the  breeding 
attempt  among  these  three  species.  These  results 
indicate  the  insulative  quality  of  swallow  nests 
could  depend  not  only  on  the  number  of  feathers, 
but  also  on  their  size,  the  tightness  with  which  the 
nest  material  is  woven,  the  thickness  of  the  nest 
wall,  or  other  structural  characteristics  of  the  nest. 
Studies  measuring  variation  in  the  insulative 
qualities  of  nests  under  controlled  laboratory 
conditions,  or  quantifying  the  insulation  of  the 
nest  in  physical  terms  may  provide  a  better 
understanding  of  the  interspecific  variation  in 
feather  numbers  of  Tachycineta  swallows. 

Variation  in  the  number  of  feathers  may  also 
reflect  age-related  differences  between  females. 
Subadult  female  Tree  Swallows  build  nests  with 
fewer  feathers  than  adult  females  (Lombardo 
1994).  However,  because  subadult  females  began 
clutches  later  than  adults  (Lombardo  1994),  it  is 
not  clear  if  these  differences  are  related  to  age  of 
the  female  or  time  of  breeding.  Nest  feathers  may 
also  serve  as  a  barrier  between  nestlings  and  nest 
ectoparasites  (Winkler  1993,  but  see  Lombardo  et 
al.  1995),  and  variation  in  number  of  feathers 
between  species  or  populations  may  also  reflect 
differences  in  nest  ectoparasites.  Comparative 
studies  of  Tachycineta  species  nesting  under 
different  ambient  temperatures  that  quantify  nest 
ectoparasites  and  age  of  females  should  provide  a 
more  complete  understanding  of  the  function  of 
feather  lining  and  possible  causes  of  the  temporal 
variation  in  number  of  feathers. 

Number  of  Feathers  and  Reproductive  Suc¬ 
cess. — Nestlings  of  altricial  birds  have  a  trade-off 
between  devoting  energy  to  growth  or  to  thermo¬ 
regulation,  and  it  is  likely  the  thermal  environ- 
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ment  of  the  nest  influences  this  trade-off  (Dawson 
et  al.  2005).  Changes  in  the  environmental 
conditions  for  Tree  Swallows  explain  a  significant 
amount  of  the  variation  in  nestling  growth 
(McCarty  and  Winkler  1999)  and  nestlings  in 
experimentally  heated  nests  have  enhanced  sur¬ 
vival,  are  heavier,  and  have  longer  ninth  primary 
feathers  (Dawson  et  al.  2005).  Experimental 
removal  of  feathers  reduces  growth  and  survival 
of  nestlings  (Winkler  1993,  Lombardo  1994, 
Lombardo  et  al.  1995). 

Our  results  support  the  hypothesis  that  Chilean 
Swallows  reduce  the  number  of  feathers  they  add 
to  the  nest  as  ambient  temperature  increases 
without  any  noticeable  effect  on  hatching  success 
or  growth  and  chick  survival.  This  suggests  these 
adjustments  may  help  maintain  reproductive 
success  throughout  the  breeding  season  avoiding 
risks  of  hypothermia  or  hyperthermia.  However, 
we  cannot  rule  out  indirect  effects  of  ambient 
temperature  on  reproductive  success  through  its 
influence  on  food  availability  .(McCarty  and 
Winkler  1999).  Additional  experiments  involving 
manipulation  of  nest  insulation  and  nest  micro¬ 
climate  are  needed  to  separate  direct  and  indirect 
effects  of  ambient  temperature  and  the  insulating 
effect  of  feathers  on  reproductive  success  of 
Chilean  Swallows. 
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NESTING  OF  THE  PLANALTO  WOODCREEPER 
(. DENDROCOLAPTES  PLATYROSTRIS) 

KRISTINA  L.  COCKLE1’23  AND  A.  ALEJANDRO  BODRATI2 3 


ABSTRACT. — We  provide  the  first  description  of  the  nest,  eggs,  and  nestlings  of  the  Planalto  Woodcreeper 
( Dendrocolaptes  platyrostris ),  a  secondary  cavity-nester,  based  on  three  nests  in  natural  cavities  and  14  in  nest  boxes.  Nests 
were  found  from  October  to  January  in  1997,  2006,  and  2007  in  the  humid  Chaco  and  Atlantic  Forest  of  Argentina.  Planalto 
Woodcreepers  used  natural  cavities  and  nest  boxes  40-60  cm  deep  with  entrance  diameters  of  5-12  cm.  They  selected  the 
deepest  nest  boxes  available.  Three  or  four  white  eggs  were  laid  on  a  bed  of  bark  flakes  and  incubated  for  14—16  days. 
Newly  hatched  nestlings  had  pink  skin  with  gray  down,  yellow  mouth  linings,  and  large  whitish  gape  flanges.  They  opened 
their  eyes  when  6-7  days  of  age  and  fledged  at  16-18  days.  Nearly  all  nestlings  were  infested  with  botflies  (Philornis  sp.). 
Both  adults  contributed  to  nest  building,  incubation,  nestling-rearing,  and  nest  sanitation.  Received  25  August  2008. 
Accepted  3  April  2009. 


The  woodcreepers  are  a  group  of  cavity-nesting 
neotropical  birds  now  recognized  by  many 
authors  as  members  of  the  Furnariidae  (Irestedt 
et  al.  2002,  2006;  Fjeldsa  et  al.  2005).  They  are 
mostly  scansorial  with  specialized  retrices  that 
allow  them  to  climb  tree-trunks  where  they  glean, 
probe,  or  sally  for  arthropods  (Fjeldsa  et  al.  2005) 
and  vertebrates  (Hayes  and  Escobar  Argana  1 990, 
Sick  1993).  Woodcreepers  are  obligate  secondary 
cavity-nesters,  relying  on  existing  cavities  for 
nesting  (Skutch  1969,  Marantz  et  al.  2003) 
although  they  may  enlarge  cavity  entrances 
(Skutch  1981).  Most  woodcreepers  appear  to  be 
monogamous,  except  Dendrocincla  and  perhaps  a 
few  other  species  (Skutch  1981,  Marantz  et  al. 
2003).  Most  information  on  nesting  woodcreepers 
is  the  result  of  careful  observational  studies  of  a 
few  species  in  Costa  Rica  and  Brazil  (Skutch 
1969,  1996;  Oniki  and  Willis  1982,  1983;  Willis 
1992).  Little  is  known  about  the  breeding  ecology 
of  most  woodcreepers  in  the  humid  forest  of 
South  America  (Marantz  et  al.  2003). 

The  Planalto  Woodcreeper  ( Dendrocolaptes 
platyrostris )  is  a  relatively  large  woodcreeper  found 
primarily  in  humid  forest  from  northeastern  Brazil 
to  northern  Argentina  and  eastern  Paraguay  (Mar¬ 
antz  et  al.  2003).  Two  nests  are  mentioned  in  the 
literature,  both  in  tree  holes  6-8  m  high  (Saibene 
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1995,  Willis  and  Oniki  2001).  One  adult  was 
observed  taking  pieces  of  bark  to  one  of  the  nests 
(Saibene  1995)  and  two  adults  were  observed 
carrying  food  to  the  other  (Willis  and  Oniki 
2001).  There  are  no  published  descriptions  of  the 
nest  interior,  clutch  size,  eggs  or  nestlings  of  the 
Planalto  Woodcreeper  (Marantz  et  al.  2003). 

We  report  on  the  nest,  eggs,  nestlings,  and 
breeding  behavior  of  the  Planalto  Woodcreeper 
(subspecies  platyrostris)  based  on  three  nests  in 
natural  cavities  and  14  in  nest  boxes  in  subtropical 
forest  in  northeastern  Argentina. 

METHODS 

Study  Area. — We  studied  nests  in  the  Atlantic 
Forest  (Misiones  Province)  and  the  southern 
humid  Chaco  (Chaco  Province)  in  Argentina. 
The  Planalto  Woodcreeper  is  common  in  both 
areas.  The  study  area  in  the  Atlantic  Forest 
included  mature,  selectively  logged,  and  second¬ 
ary  forest  at  550-600  m  elevation  in  Parque 
Provincial  de  la  Araucaria  (26°  38'  S,  54°  07' 
W),  Parque  Provincial  Cruce  Caballero  (26°  31' 
S,  53°  58'  W),  and  Tobuna  (26°  28'  S,  53°  53' 
W),  in  the  Department  of  San  Pedro.  This  area  is 
part'  of  a  mosaic  landscape  of  small  farms, 
remnant  forest,  and  tree  plantations.  The  vegeta¬ 
tion  type  is  mixed  forest  with  laurel  ( Nectandra 
and  Ocotea  spp.),  guatambu  ( Balfourodendron 
riedelianum )  and  parana  pine  ( Araucaria  an- 
gustifolia)  (Cabrera  1976).  Annual  rainfall  is 
1,200  to  2,400  mm  distributed  evenly  throughout 
the  year.  The  study  area  in  the  humid  Chaco  was 
Parque  Nacional  Chaco  (26°  30'  S,  59°  30'  W, 
70  m  elevation),  in  the  Departments  of  Sargento 
Cabral  and  Presidencia  de  la  Plaza.  The  park  is 
within  the  subregion  of  esteros,  canadas,  and 
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gallery  forest  (Cabrera  1976).  Mean  annual 
rainfall  is  1,350  mm  with  nearly  all  occurring  in 
the  austral  spring  and  summer  from  September  to 
March. 

Field  Methods. — We  found  nests  by  following 
adult  woodcreepers  and  systematically  checking 
natural  cavities  and  nest  boxes  using  a  pole- 
mounted,  pinhole  video  camera.  We  placed  26 
traditional  wooden  nest  boxes  on  trees  at  a  height  of 
5-6  m  in  Parque  Provincial  de  la  Araucaria  in  2006 
to  learn  whether  Planalto  Woodcreepers  selected 
nest  boxes  based  on  their  dimensions  (depth  and 
entrance  diameter).  These  boxes  ranged  in  entrance 
diameter  from  8  to  1 4  cm,  and  in  depth  from  22  to 
60  cm.  We  used  Wilcoxon  rank  sum  tests  in  R 
Version  2.5.1  (R  Development  Core  Team  2007)  to 
compare  used  and  unused  boxes  in  2006.  Non- 
parametric  tests  were  used  because  the  data  were 
not  normally  distributed. 

We  added  64  more  nest  boxes  in  2007,  all  10  X 
12  cm  in  entrance  diameter,  60  cm  deep,  and 
placed  9  m  high  on  trees.  Thirty  of  these  nest 
boxes  were  placed  in  Parque  Provincial  Cruce 
Caballero  and  34  at  Tobuna.  We  placed  5  cm  of 
sawdust  in  all  boxes. 

All  nests  were  found  during  the  laying  or 
incubation  periods,  except  nest  #  17,  which  was 
found  during  the  nestling  period.  We  inspected 
nests  daily  with  the  pole-mounted  video  camera 
during  the  laying  period  and  near  the  expected 
hatch  date  whenever  possible. 

We  measured  eggs  and  nestlings  using  dial 
calipers  and  wing-rulers,  and  took  weights  to  the 
nearest  gram  using  50-  or  100-g  spring  scales.  We 
report  mean  ±  standard  deviation  for  all  mea¬ 
surements.  Eggs  found  during  laying  were  indi¬ 
vidually  marked  with  non-toxic  permanent  mark¬ 
er.  Nestlings  were  individually  marked  with  white 
nail  polish  on  their  toenails  and  color-banded 
around  Day  4. 

We  observed  two  nests  for  a  total  of  641  min 
during  laying  and  incubation  periods,  and  four 
nests  for  a  total  of  427  min  during  the  nestling 
period.  The  female  Planalto  Woodcreeper  is  more 
robust  than  the  male,  and  has  “sleek”  head 
plumage  where  the  male  has  “rough”  head 
plumage  (Willis  and  Oniki  2001).  We  trapped 
and  color-banded  both  members  of  the  pair  at  nest 
#  14.  One  individual  was  sleek-headed  and 
weighed  65  g.  The  other  was  rough-headed  and 
weighed  60  g.  We  could  reliably  identify  the 
sleek-headed  and  rough-headed  individuals  when 
they  arrived  at  the  nest  tree,  based  on  their  head 


plumage  and  body  size,  later  confirming  their 
identity  when  they  moved  along  the  trunk  and 
exhibited  their  color  bands.  We  climbed  to  natural 
nest  cavities  (except  nest  #  17)  and  measured 
height,  entrance  diameter,  and  depth  using  a 
measuring  tape  after  the  nestlings  fledged. 

RESULTS 

Timing  of  Reproduction. — Clutch  initiation  in  the 
Chaco  was  estimated  to  start  ~23  September  for 
nest  #  17  (Table  1).  This  timing  coincides  with  the 
onset  of  the  rainy  season  in  the  humid  Chaco.  The 
earliest  clutch  initiation  date  in  the  Atlantic  Forest 
was  estimated  as  4  October  (nest  #1).  The  latest 
nest  (nest  #  5)  contained  two  eggs  on  8  January 
2007,  but  the  eggs  disappeared  the  following  day. 
This  timing  coincides  with  the  major  reproductive 
period  for  most  birds  in  our  study  areas. 

Nest  Description. — The  nest  at  Parque  Nacional 
Chaco  was  near  the  Rio  Negro  in  mature  gallery 
forest  dominated  by  myrtles,  especially  guabiyu 
(Myrcianthes  pungens).  Nests  at  Parque  Provincial 
Cruce  Caballero  were  in  mature  forest,  at  Parque 
Provincial  de  la  Araucaria  in  logged  forest  and 
second  growth  adjacent  to  the  town  of  San  Pedro, 
and  at  Tobuna  in  logged  forest  remnants.  Three 
were  in  natural  cavities  and  11  in  nest  boxes. 

Natural  cavities  used  by  Planalto  Woodcreepers 
were  3-7  m  high,  45-46  cm  deep,  with  entrance 
diameters  of  5-7  cm  (Table  1).  Nest  boxes  used 
were  6-9  m  high,  40-60  cm  deep  with  entrance 
diameters  of  9-12  cm.  The  shallowest  nest  boxes 
(<40  cm  deep)  were  not  occupied.  Nest  boxes 
used  by  Planalto  Woodcreepers  in  Parque  Provin¬ 
cial  de  la  Araucaria  were  deeper  (x  =  42.8  cm) 
than  unused  boxes  (x  =  32.2  cm;  Wilcoxon  rank 
sum  test  with  continuity  correction,  W  =  109.5,  P 
=  0.003;  n  =  26). but  did  not  differ  in  entrance 
diameter  (W  =  53,  P  =  0.68;  n  =  26).  All  used 
cavities  (natural  and  nest  boxes)  were  lined  with 
stiff  pieces  of  bark  from  the  nest  tree  or  nearby 
trees,  including  Araucaria  angustifolia,  Holocalyx 
balansae,  Syagrus  romanzojfiana,  Trichilia  cati- 
gua,  Apuleia  leiocarpa ,  Matayba  eleagnoides, 
Diatenopteryx  sorbifolia ,  Patagonula  americana, 
and  Pinus  spp. 

Flakes  of  bark  were  ripped  from  live  trees  and 
taken  to  the  nest  cavity  by  both  males  and  females 
as  they  arrived  during  the  laying  and  incubation 
periods;  the  amount  of  bark  in  nests  increased 
considerably  over  the  laying  and  incubation 
periods.  There  was  no  bark  in  one  nest  box  (# 
14)  when  the  first  egg  was  found,  shortly  after 
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TABLE  1 .  Characteristics  of  17  nests  of  the  Planalto  Woodcreeper  in  three  natural  cavities  and  1 1  nest  boxes,  in  1997, 
2006,  and  2007.  Values  in  parentheses  are  estimates. 


Entrance  diameter  (cm) 


Nest  # 

Cavity  origin 

Horizontal 

Vertical 

Vertical  depth  (cm) 

Hatch  date 

Parque  Provincial  de  la  Araucaria 

i 

Nest  box 

12 

12 

43 

(25  Oct  2006) 

2 

Same  nest  box  as  above 

1  Nov  2007 

3 

Nest  box 

9 

9 

40 

(26  Oct  2006) 

4 

Nest  box 

10 

10 

42 

(3  Nov  2006) 

5 

Same  nest  box  as  above 

Eggs  predated  9  Jan  2007 

6 

Same  nest  box  as  above 

12  Nov  2007 

7 

Nest  box 

10 

10 

42 

(11  Nov  2006) 

8 

Nest  box 

10 

10 

45 

Eggs  predated  9  Dec  2006 

9 

Nest  box 

10 

10 

45 

(23  Dec  2006) 

Parque  Provincial  Cruce  Caballero 

10 

Nest  box 

10 

12 

60 

22  Nov  2007 

11 

Nest  box 

10 

12 

60 

(25  Oct  2007) 

Tobuna 

12 

Decay 

5 

20 

46 

29  Oct  2007 

13 

Woodpecker 

7 

7 

45 

29  Oct  2007 

14 

Nest  box 

10 

12 

60 

21  Dec  2007 

15 

Nest  box 

10 

12 

60 

3  Nov  2007 

16 

Nest  box 

10 

12 

60 

15  Nov  2007 

Parque  Nacional  Chaco 

17 

Decay 

(5) 

(5) 

? 

(8  Oct  1997) 

dawn  on  4  December  2007.  Three  pieces  of  bark 
were  placed  under  the  egg  between  0759  and  1100 
hrs.  Two  days  later  at  1000  hrs,  there  were  two 
eggs  and  more  than  20  pieces  of  bark. 

Laying  and  Incubation. — Complete  clutches 
had  3-4  eggs  (mode  =  3,  x  ±  SD  =  3.4  ± 
0.50,  n  =  14).  Eggs  were  laid  on  alternate  days. 
The  third  and  final  egg  at  nest  #  14  was  laid 
between  0520  and  0857  hrs.  Both  males  and 
females  were  flushed  from  nests  during  the  laying 
period.  When  nest  #  14  contained  only  one  egg, 
one  or  both  adults  were  in  the  nest  box  for  58%  of 
a  116  min  watch. 

Although  adults  spent  time  in  the  nest  cavity 
during  the  laying  period,  relatively  synchronous 
hatching  of  nestlings  suggests  that  incubation  began 
only  when  the  last  egg  was  laid.  Both  members  of 
the  pair  at  nest  #  13  had  brood  patches,  and  both 
males  and  females  were  observed  incubating  at 
several  nests.  The  female  was  in  the  cavity, 
presumably  on  the  eggs,  71%  of  the  time  during 
the  incubation  period,  the  male  18%  of  the  time;  an 
unknown  adult  4%  of  the  time,  and  no  adult  7%  of 
the  time.  We  did  not  observe  any  complete 
incubation  bout,  but  at  nest  #  14,  on  the  day  the 
last  egg  was  laid,  the  female  incubated  from  before 


0916  to  1138  hrs,  was  off  the  nest  for  28  min,  and 
returned  at  1206  hrs.  Eight  days  later  at  the  same 
nest,  the  male  incubated  from  before  0755  to  0935 
hrs,  and  the  female  from  0935  to  after  1307  hrs. 
That  night,  the  female  incubated  overnight,  and  the 
male  relieved  her  at  0617  hrs  the  following 
morning,  well  after  dawn. 

Eggs. — The  eggs  were  opaque  white,  31.4  ± 
1.1  mm  X  23.5  ±  0.57  mm  (n  =  39)  and  weighed 
9  ±  1  g  («  =  32).  Two  to  four  eggs  hatched  per 
nest  (mode  =  3,  x  ±  SD  =  3.0  ±  0.67,  n  =  14 
nests  that  survived  to  hatching). 

Hatching. — The  first  nestlings  hatched  15  ± 
1  days  (x  ±  SD)  after  the  last  egg  was  laid  (n  =  3 
nests):  We  measured  nestlings  on  hatch  day  in 
five  nests.  All  nestlings  hatched  on  hatch  day  in 
one  of  these  nests.  In  the  other  four  nests,  one  to 
three  nestlings  hatched  on  hatch  day  and  the 
others  hatched  overnight  or  early  the  next 
morning.  The  first-laid  egg  in  nest  #  14  had  a  1- 
mm  hole  and  the  nestling  inside  made  weak 
“peeping”  sounds  at  0915  hrs  on  21  December 
2007,  14  days  after  the  last  egg  was  laid.  The 
second-laid  egg  had  a  small  crack.  The  first  egg 
had  hatched  by  1 845  hrs  and  the  second  egg  had  a 
hole  in  the  side.  The  second  egg  hatched  either 
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overnight  or  the  following  day.  The  third  egg  did 
not  hatch  and  remained  in  the  nest  until  the 
afternoon  of  24  December,  but  was  gone  by  1 000 
hrs  the  following  morning. 

Nestlings. — Newly  hatched  nestlings  (day  0.  n 
=  14  nestlings  at  5  nests)  weighed  8.3  ±  0.83  g 
(x  ±  SD).  They  had  pink  skin  with  gray  down 
only  on  the  head,  back,  and  legs.  Their  gape 
flanges  were  large  and  white,  and  their  mouth 
linings  were  bright  yellow-orange.  Pin  feathers 
projected  from  the  skin  by  day  4  and  the  nestlings 
opened  their  eyes  by  day  6  or  7.  They  attained 
adult  weight  around  day  10  and  fledged  on  day 
16,  17,  or  18.  The  bills  of  nearly-fledged  nestlings 
were  still  considerably  shorter  than  those  of  adults 
(culmen  length:  x  ±  SD  for  15  day-old  nestlings 
at  nest  #  2  =  24.1  ±  0.99  mm,  n  =  3;  adult  males 
at  Museo  Argentino  de  Ciencias  Naturales 
(MACN):  33.1  ±  2.4  mm,  n  =  7;  adult  females 
at  MACN:  34.1  ±  1.8  mm,  n  =  9). 

Parental  Care  of  Nestlings. — Both  males  and 
females  fed  the  nestlings  and  removed  fecal  sacs. 
Egg  shells  were  not  found  in  or  around  the  nest, 
even  on  hatch  day. 

Two  observations  suggest  that  males  brooded 
nestlings  overnight.  First,  the  male  was  captured 
in  nest  #  13  at  0450  hrs,  well  before  dawn  on  4 
November  2007  when  the  nestlings  were  6  and 
7  days  old.  Second,  the  male  at  nest  #  14  entered 
the  nest  box  at  1943  hrs,  well  after  dusk  on  22 
December  2007,  when  the  two  nestlings  were  0 
and  1  days  of  age.  The  bright  moonlight  allowed 
us  to  observe  the  nest  box  until  2005  hrs  and  the 
male  did  not  leave. 

Nestlings  were  fed  arthropods  and  one  verte¬ 
brate.  Prey  items  that  could  be  identified  were: 
lepidopteran  larvae  ( n  =  3),  unidentified  larvae  ( n 
=  2),  pupae  (n  =  3),  spiders  or  insects  with  legs 
( n  =  4),  and  a  small  snake  (n  =  1).  Parents  visited 
nests  33  times  in  308  min  of  observation  in  the 
early  morning  and  late  evening  (x  ±  SD  =  6.4  ± 
1 .5  visits/hr)  when  the  nestlings  were  0-3  days  of 
age  (nest  #s  13,  14,  and  16),  seven  times  in 
29  min  (14.5  visits/hr)  in  the  early  morning  when 
nestlings  were  5  days  of  age  (nest  #  13),  and  18 
times  in  90  min  (12  visits/hr)  at  mid-morning 
when  the  nestlings  were  beginning  to  fledge  (nest 
#  17).  The  nestlings  at  nest  #  17  came  to  the 
entrance  to  be  fed;  one  nestling  clung  to  the  tree 
trunk  outside  the  cavity,  but  entered  the  cavity 
when  the  parents  arrived. 

Nest  Success. — Five  nests  were  found  during 
egg-laying.  The  eggs  disappeared  during  incuba¬ 


tion  at  one  nest,  one  nestling  disappeared  and  the 
other  was  found  dead  in  another  nest,  presumably 
killed  by  a  severe  botfly  ( Philornis  sp.)  infesta¬ 
tion,  and  the  nestlings  were  presumed  to  fledge 
(nestlings  at  least  12  days  of  age  were  observed) 
in  the  other  three  nests.  Eggs  hatched  in  14  nests, 
and  nestlings  survived  to  fledging  in  1 1  of  these. 
Successful  nests  (n  =  11)  produced  2^1  fledglings 
each  (mean  =  3.1).  Twenty-nine  of  35  nestlings 
that  could  be  inspected  (n  =  15  nests)  were 
infested  with  subcutaneous  botflies  ( Philornis 
sp.).  Most  nestlings  fledged  despite  their  appar¬ 
ently  severe  botfly  infestations. 

DISCUSSION 

Planalto  Woodcreepers  selected  nest  boxes 
based  on  depth  but  not  entrance  diameter.  They 
used  only  the  deepest  nest  boxes  and  avoided 
boxes  <40  cm  deep.  Nesting  in  a  deeper  cavity 
may  reduce  risk  of  nest  predation.  Cavity  volume 
was  the  best  predictor  of  predation  at  the  egg  stage 
in  Northern  Flickers  ( Colaptes  auratus ):  nests  in 
larger  cavities  more  often  survived  to  hatching 
(Wiebe  and  Swift  2001).  Deeper  cavities  were 
also  selected  preferentially  by  vertebrate  fauna  in 
Australia  (Gibbons  et  al.  2002),  and  were  more 
often  reused  by  secondary  cavity  nesting  birds  in 
British  Columbia  (Aitken  et  al.  2002). 

Planalto  Woodcreepers  may  be  limited  by  nest- 
site  availability,  particularly  in  logged  forests,  if 
they  require  particularly  deep  cavities  for  nesting. 
Cavities  seem  abundant  at  our  field  sites,  but 
sufficiently  deep  cavities  may  be  rare.  Cockle  et 
al.  (2008)  estimated  a  density  of  4.6  cavities/ha 
below  15  m  in  Atlantic  Forest  within  our  study 
area  in  Misiones;  however,  the  density  of  cavities 
>40  cm  deep,  below  15  m,  is  only  0.25/ha. 
Available  cavities  are  shared  with  numerous  other 
species  of  secondary  cavity  nesters,  especially 
parakeets,  toucans,  possums,  and  feral  bees;  thus, 
there  may  be*  considerable  competition  for  the 
deepest  cavities. 

We  found  no  striking  differences  in  breeding 
biology  between  nests  in  natural  cavities  ( n  =  3) 
and  those  in  nest  boxes  (n  =  14).  However,  in  many 
species,  reproductive  parameters  including  clutch 
size,  parasite  loads,  and  nest  success  differ  between 
natural  cavities  and  nest  boxes  (Nilsson  1984, 
Wesolowski  and  Stanska  2001,  Evans  et  al.  2002). 

The  breeding  ecology  of  the  Planalto  Wood- 
creeper  is  similar  to  that  of  other  woodcreepers  for 
which  information  is  available.  The  white  eggs 
were  placed  in  a  relatively  low  cavity  (Beebe  and 
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Beebe  1910;  Skutch  1969,  1996;  Willis  1972, 
1992;  Oniki  and  Willis  1982;  Bodrati  2003;  Vega 
Rivera  et  al.  2003).  Planalto  Woodcreepers  lined 
their  cavity  with  hard  pieces  of  bark,  as  reported 
for  the  Streak-headed  Woodcreeper  ( Lepidoco - 
laptes  souleyetii ),  Spot-crowned  Woodcreeper  (L. 
affinis),  Cocoa  Woodcreeper  ( Xiphorhynchus  sus- 
urrans)  (Skutch  1969.  1996),  and  Lesser  Wood¬ 
creeper  ( X .  fuscus )  (Marini  et  al.  2002).  In 
contrast,  other  species  of  woodcreepers  line  their 
nests  with  dead  leaves  and  fungal  rhizomorphs 
(Plain-brown  Woodcreeper  [Dendrocincla  fuligi- 
nosa\,  Willis  1972),  or  rootlets  and  fibers 
(Wedge-billed  Woodcreeper  [Glyphorynchus  spir- 
urus ];  Beebe  and  Beebe  1910,  Skutch  1969,  Oniki 
and  Willis  1983,  and  Tawny-winged  Woodcreep¬ 
er  [Dendrocincla  anabatina]  Skutch  1969). 

Clutch  size  (3^1  eggs)  was  relatively  large 
compared  to  most  woodcreepers  (1-2  eggs)  (Skutch 
1969,  Marantz  et  al.  2003)  but  similar  to  that  of 
woodcreepers  at  similar  latitudes  in  Argentina:  2-3 
eggs  for  the  Great  Rufous  Woodcreeper  ( Xiphoco - 
laptes  major)  (Narosky  et  al.  1983,  Bodrati  2003, 
De  la  Pena  2005,  Di  Giacomo  2005)  and  the 
Scimitar-billed  Woodcreeper  ( Drymornis  bridgesii) 
(Narosky  et  al.  1983,  Mezquida  2001,  De  la  Pena 
2005),  and  3^1  eggs  for  the  Narrow-billed  Wood¬ 
creeper  ( Lepidocolaptes  angustirostris )  (Narosky  et 
al.  1983,  De  la  Pena  2005,  Di  Giacomo  2005). 
Planalto  Woodcreepers  laid  eggs  on  alternate  days, 
like  the  Wedge-billed  Woodcreeper  (Oniki  and 
Willis  1983). 

The  incubation  period  of  the  Planalto  Wood¬ 
creeper  was  14-16  days,  and  the  nestling  period 
16-18  days,  similar  to  other  species  of  wood¬ 
creepers  where  both  parents  contribute  (Skutch 
1969,  Marantz  et  al.  2003).  Both  males  and 
females  contributed  to  nest-building  and  incuba¬ 
tion,  as  suspected  for  the  Amazonian  Barred 
Woodcreeper  ( Dendrocolaptes  certhia)  (Willis 
1992)  and  the  closely  related  Xiphocolaptes 
(Marantz  et  al.  2003),  and  reported  for  the 
Streak-headed  Woodcreeper,  Spot-crowned 
Woodcreeper,  and  Wedge-billed  Woodcreeper 
(Skutch  1969).  In  contrast,  only  females  seem  to 
contribute  in  the  Dendrocincla  (Willis  1972, 
Skutch  1969,  Marantz  et  al.  2003)  and  at  least 
three  species  of  Xiphorhynchus  (Skutch  1981, 
1996;  Marini  et  al.  2002;  Vega  Rivera  et  al.  2003). 

The  incubation  bouts  we  describe  for  the  Planalto 
Woodcreeper  at  nest  #  14  (more  than  2-3  hrs  for 
the  female)  are  similar  to  those  described  by  Skutch 
(1981,1996)  for  the  Cocoa  Woodcreeper  (usually 


1.5-3  hrs  for  the  female)  but  considerably  longer 
than  those  of  the  Streak-headed  Woodcreeper  (7  to 
>72  min  for  the  female),  Wedge-billed  Wood¬ 
creeper  (18-90  min  for  both  males  and  females), 
and  Spot-crowned  Woodcreeper  (6-47  min  for  both 
males  and  females)  (Skutch  1969).  Nest  attentive¬ 
ness  of  the  Planalto  Woodcreeper  was  high  during 
incubation  (93%  during  the  day  in  this  study).  In 
comparison,  nest  attentiveness  was  61%  for  the 
Tawny- winged  Woodcreeper,  69%  for  the  Streak¬ 
headed  Woodcreeper,  80%  for  the  Cocoa  Wood¬ 
creeper,  83%  for  the  Spot-crowned  Woodcreeper, 
and  100%  for  the  Wedge-billed  Woodcreeper 
(Skutch  1969,  1981,  1996).  High  nest  attentiveness 
and  long  incubation  bouts  could  reduce  exposure  of 
nests  to  predators  and  nest  site  competitors. 

There  are  few  published  descriptions  of  wood¬ 
creeper  nestlings.  Nestlings  of  the  Planalto 
Woodcreeper  closely  resembled  Skutch’s  (1969) 
descriptions  for  those  of  the  Spot-crowned, 
Cocoa,  and  Wedge-billed  woodcreepers.  Like 
other  woodcreeper  nestlings  (Willis  1972,  Mar¬ 
antz  et  al.  2003),  fledgling  Planalto  Woodcreepers 
had  shorter  bills  than  their  parents. 

Both  parents  helped  rear  nestlings  as  reported 
by  Willis  and  Oniki  (2001).  They  fed  nestlings 
mostly  arthropods,  as  do  other  woodcreepers 
(Skutch  1969.  1981;  Marini  et  al.  2002;  Marantz 
et  al.  2003).  They  also  provided  a  vertebrate  on  at 
least  one  occasion.  Similarly,  a  passerine  nestling 
and  a  snake  were  fed  to  nestling  Great  Rufous 
Woodcreepers  (Bodrati  2003),  and  lizards  were 
fed  to  nestling  Tawny- winged  Woodcreepers 
(Skutch  1969),  Plain-brown  Woodcreepers  (Willis 
1972),  Cocoa  Woodcreepers  (Skutch  1981),  and 
Northern  Barred  Woodcreepers  ( Dendrocolaptes 
sanctithomae )  (Marantz  et  al.  2003). 

Much  remains  to  be  learned  about  the  breeding 
ecology  of  woodcreepers  and  other  cavity-nesting 
passerines  in  the  Neotropics.  Information  about  nest 
type,  clutch  size,  chick  development,  and  breeding 
behavior  are  still  lacking  for  many  species.  This 
basic  information  is  essential  for  comparative 
studies  of  the  life  history,  population  biology,  and 
evolution  of  these  birds  (Cornelius  et  al.  2008). 
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Breeding  Biology  of  the  Purple  Swamphen  ( Porphyrio  porphyrio ) 
at  Tirunelveli,  South  India 

D.  Paramanantha  Swami  Doss,1  N.  Gopukumar,2  and  K.  Sripathi1,3 


ABSTRACT. — We  studied  the  breeding  biology  of 
Purple  Swamphens  ( Porphyrio  porphyrio  poliocepha- 
lus)  at  Nainar  Pond  in  Tirunelveli,  South  India  from 
January  2003  to  May  2004.  Peak  breeding  activity 
occurred  from  the  second  week  of  January  to  the  first 
week  of  March.  Nests  were  built  on  thick  floating 
vegetation  closest  to  the  bank  of  the  pond.  Nesting 
material  consisted  of  whole  plants,  stems,  and  leaves  of 
Eichhornia  crassipes,  Jussieua  repens,  Pistia  stratiotes , 
Ipomoea  aquatica ,  and  Cyperus  rotundas  with  E. 
crassipes  being  most  preferred.  Nest  dimensions  were 
variable.  Clutch  size  varied  from  three  to  seven  eggs 
with  a  mean  (±  SD)  clutch  size  of  4.5  ±  1.5  and  a 
model  clutch  size  of  four  eggs.  Mean  volume  of  all  eggs 
was  32.3  ±  3.5  cm3.  The  length  of  the  incubation  period 
was  estimated  as  19.8  ±  1.2  days.  Nest  and  egg 
hatching  success  were  estimated  as  80.0%  and  61.1%, 
respectively,  while  overall  fledging  success  was  42.0%. 
Received  2  August  2008.  Accepted  7  June  2009. 


The  Purple  Swamphen  ( Porphyrio  porphyrio)  is 
a  medium  sized  water  bird  (Ali  1981)  which  lives 
in  marshes,  lagoons,  and  reservoirs  with  appro¬ 
priate  vegetation  cover  and  water  depth.  Undis¬ 
turbed  areas  with  tall,  thick  vegetation  cover  and 
shallow  calm  water  are  generally  preferred  by 
swamphens  (Cramp  and  Simmons  1980,  Sanchez- 
Lafuente  et  al.  1998). 

The  Purple  Swamphen  is  a  tropical  and 
subtropical  species  with  several  subspecies  and  a 
distribution  extending  from  Europe  and  Africa  to 
New  Zealand  (Urban  et  al.  1986,  Marchant  and 
Higgins  1990).  Its  taxonomy  is  complex  and 
inadequately  studied;  at  least  13  subspecies  are 
currently  recognized,  three  of  which  could  be 
elevated  to  species  status  (Taylor  and  van  Perlo 
1998).  The  nominate  subspecies  ( P .  p.  porphyrio) 
occurs  in  southern  Europe  and  North  Africa 
(Cramp  and  Simmons  1980,  Taylor  1996).  The 
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subspecies  P.  p.  poliocephalus  occurs  in  southern 
Asia,  extending  from  Pakistan  throughout  the 
Indian  subcontinent  and  east  to  Burma  and  south- 
central  China  (Taylor  and  van  Perlo  1998).  The 
subspecies  P.  p.  melanotus  ranges  from  New 
Guinea  through  Australia  and  New  Zealand. 

Purple  Swamphens  have  been  intensively 
studied  by  several  investigators  and  facets  of 
their  breeding  biology  have  been  explored  in 
Italy,  Spain,  and  New  Zealand.  Grussu  (1999) 
conducted  intensive  studies  of  Purple  Swamphens 
in  Italy  while  Craig  (1980)  reported  on  the 
breeding  success  of  swamphens  (P.  p.  melanotus) 
in  New  Zealand.  Sanchez-Lafuente  (1993)  studied 
a  resident  population  of  Purple  Swamphens  in 
Spain  and  made  the  most  detailed  observations  of 
the  breeding  cycle.  These  publications  describe 
the  breeding  system  related  to  incubation  invest¬ 
ment  (Sanchez-Lafuente  1993),  nest  site  selection 
(Sanchez-Lafuente  et  al.  1998),  and  clutch  size 
and  egg  mass  (Sanchez-Lafuente  2004). 

Purple  Swamphens  are  widely  distributed 
throughout  India  (Manakadan  and  Pittie  2001), 
but  the  breeding  behavior  of  this  species  is  not 
well  documented.  Our  objectives  were  to:  (1) 
assess  nesting  season  and  peak  breeding  activity; 
(2)  describe  nest  size  and  materials  used  for 
nesting;  (3)  quantify  nest  size,  egg  size,  clutch 
size,  incubation  period,  and  morphometric  growth 
parameters  of  newly  hatched  chicks;  and  (4) 
assess  the  reproductive  success  of  Purple  Swamp¬ 
hens. 

METHODS 

Study  Area. — The  study  was  conducted  from 
January  2003  to  May  2004  in  Nainar  Pond 
(—53  ha  in  size)  in  the  center  of  Tirunelveli 
Town,  South  India  (8°  44'  N,  77°  44'  E).  The 
average  depth  of  the  pond  is  — 10  m  and  the  pond 
receives  water  from  Manimuthar  Dam  during 
December.  The  pond  normally  becomes  dry 
during  August  and  September.  The  aquatic 
vegetation  of  the  pond  consisted  of  water  hyacinth 
(. Eichhornia  crassipes),  nut  grass  ( Cyperus  rotun- 
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TABLE  1.  Materials  used  in  Purple  Swamphen  nests  ( n  =  20),  Tirunelveli,  South  India. 


Plant  species 

Plant  parts  used 

Number  of  items 

Mean  ±  SD 

Range 

%  use 

Eichhornia  crassipes 

Whole  plants 

14.4  ±  5.9 

6-23 

100 

Stem  with  leaves 

60.1  ±  13.5 

46-83 

100 

Leaves 

379.4  ±  65.4 

281=179 

100 

Pistia  stratiotes 

Whole  plants 

21.3  ±  7.5 

11-32 

60 

Jussiuea  repens 

Stems 

41.0  ±  8.1 

30-53 

45 

Cyperus  rotundus 

Stems 

35.3  ±11.4 

26-59 

45 

Ipomoea  aquatica 

Stems 

24.0  ±  6.8 

19-34 

20 

dus),  sola  pith  plant  ( Aeschenomene  aspera), 
water  lettuce  ( Pistia  stratiotes),  pickerel  weed 
( Monochoria  vaginalis),  water  spinach  ( Ipomoea 
aquatica),  four  leaf  clover  ( Marselia  spp.),  water- 
thyme  ( Hydrilla  verticillata),  and  water  primrose 
( Jussieua  repens). 

Field  Procedures. — We  searched  among  floating 
vegetation  during  the  breeding  season  for  nests  of 
Purple  Swamphens.  Daily  visits  were  conducted 
with  onset  of  egg  laying  (second  week  of  Jan  to  first 
week  of  Feb)  to  record  clutch  completion.  Obser¬ 
vations  were  made  three  times  each  week  from  the 
first  week  of  February  to  the  first  week  of  March, 
and  were  continued  until  the  expected  time  of 
hatching  (19  to  22  days).  Nests  were  visited  daily 
during  the  hatching  period  (first  week  of  Mar  to  mid 
Apr)  to  record  nest  and  egg  hatching  success.  Eggs 
were  individually  marked  with  different  colors 
using  permanent  marker  pens.  Length  (L)  and 
breadth  (B)  of  eggs  in  all  complete  clutches  were 
measured  with  dial  calipers  to  the  nearest  0.1  mm. 
Egg  volume  (V  in  cm3)  was  estimated  following 
Hoyt’s  (1979)  formula:  V  =  0.000507  XLXB2. 
Newly  hatched  chicks  were  weighed  with  a  100-g 
Pesola  spring  balance  (accuracy  =  0.1  g)  and 
measurements  of  beak,  wing,  and  tarsus  length  were 
obtained  using  dial  calipers  (accuracy  =  0.1  mm) 
and  a  2-m  measuring  tape  (1  gradation  =  1  cm). 
Fledging  success  was  estimated  by  counting  the 
number  of  young  fledged. 

Empty  nests  were  collected  after  fledging,  and 
the  size  of  the  nests  (length,  breadth,  and  internal 
depth)  was  obtained  using  a  2-m  tape  (1  gradation 
=  1  cm).  Aquatic  plants  used  as  nesting  materials 
were  identified  and  categorized  into  whole  plant, 
leaf,  and  stem  components.  Dried  or  decayed  nest 
contents  were  discarded.  Characteristics  of  nest 
sites  including  water  depth  and  distance  of  the 
nest  site  from  the  bank  of  the  pond  were  also 
measured. 


RESULTS 

Breeding  activity  of  Purple  Swamphens  com¬ 
menced  in  January  and  continued  until  April. 
Swamphens  started  gathering  nest  material  in  the 
first  week  of  January.  Peak  breeding  activity 
(when  breeding  pairs  completed  nest  construction 
and  started  to  lay  eggs)  occurred  between  the 
second  week  of  January  and  the  first  week  of 
March.  Nests  were  built  on  the  thick  floating 
vegetation  (especially  Eichhornia  crassipes) 
which  was  closest  to  the  bank  of  the  pond.  The 
average  (±  SD)  distance  at  which  nests  were 
placed  from  the  edge  of  the  pond  was  2.95  ± 
0.91  m  (range:  1-4.5  m ,  n  =  25).  Nest  dimen¬ 
sions  were  variable.  The  length,  breadth,  and 
depth  of  25  nests  averaged  37.7  ±  3.9,  31.6  ±  4.1, 
and  4.7  ±  0.9  cm,  respectively. 

Purple  Swamphens  started  nest  building  activ¬ 
ity  2-3  days  prior  to  egg  laying.  Only  living 
vegetation  from  the  area  adjoining  the  nest  site  or 
the  nest  was  uprooted  and  used  for  nest  building. 
Whole  plants,  stems,  and  leaves  of  aquatic  plants 
(i.e.,  Eichhornia  crassipes,  Jussieua  repens,  Pistia 
stratiotes,  Ipomoea  aquatica,  and  Cyperus  rotun- 
dus)  were  used  as  nesting  materials.  Leaves, 
stems,  and  whole  plants  of  Eichhornia  crassipes 
were  observed  in  all  nests,  followed  by  whole 
plants  of  Pistia  stratiotes  in  60%  of  nests,  stems  of 
Jussieua  repens  in  45%  of  nests,  and  stems  of 
Cyperus  rotundus  in  45%  of  nests  (Table  1). 

Clutch  size  varied  from  three  to  seven  eggs 
with  a  mean  clutch  size  of  4.5  ±  1 .5  (n  =  25)  and 
a  model  clutch  size  of  four  eggs.  Six  (of  25)  nests 
each  contained  seven  eggs,  two  nests  each 
contained  five  eggs,  10  nests  each  contained  four 
eggs,  and  seven  nests  each  contained  three  eggs. 
Mean  egg  length  for  all  eggs  was  52.5  ±  2.8  mm 
(range:  47.1-59.7  mm;  n  =  113)  while  mean  egg 
breadth  was  34.8  ±  1.1  mm  (range:  32.3- 
37.4  mm;  n  =  113).  Mean  volume  of  all  eggs 
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TABLE  2.  Mean  length,  width,  and  volume  (x  ±  SD)  of  Purple  Swamphen  eggs  in  relation  to  laying  sequence  (range  in 
parenthesis),  Tirunelveli,  South  India. 

Egg  #  1  (n  =  25) 

Egg  #2  („  =  25) 

Egg  #3  (n  =  25) 

Egg  #4  (n  =  18) 

Egg  #  5  (n  =  8) 

Egg  #  6  (n  =  6) 

Egg  #  7  (n  =  6) 

Length,  mm 

54.0  ±  2.3 

53.5  ±  2.9 

51.9  ±  2.0 

52.2  ±  2.9 

50.4  ±  3.4 

50.2  ±  2.4 

50.1  ±  1.8 

(50.0-50.7) 

(48.3-59.1) 

(49.8-58.7) 

(48.3-58.3) 

(47.1-58.1) 

(47.8-53.9) 

(48.0-52.8) 

Breadth,  mm 

35.2  ±  1.3 

35.1  ±  1.4 

34.6  ±  1.2 

34.5  ±  0.8 

34.4  ±  0.7 

34.4  ±  0.6 

34.5  ±  0.8 

(32.8-37.4) 

(32.3-37.3) 

(32.8-36.9) 

(32.3-35.4) 

(33.4-35.4) 

(33.5-34.9) 

(33.6-35.7) 

Volume,  cm3 

34.1  ±  3.6 

33.5  ±  4.0 

31.5  ±  2.8 

31.5  ±  2.5 

30.2  ±  3.2 

30.2  ±  2.3 

30.3  ±  2.4 

(27.9-42.3) 

(27.0-40.6) 

(27.2-40.1) 

(26.5-36.4) 

(26.9-36.9) 

(27.2-33.3) 

(28.1-33.3) 

was  32.3  ±3.5  cm3  (range:  26.5^12.3  cm3;  n  = 
113)  (Table  2).  Egg  volume  varied  among  the 
eggs  of  the  same  clutch  (ANOVA;  R2  =  1.4,  F47  5 
=  18.9,  P  =  0.0001). 

The  hatching  period  continued  for  2-5  days  and 
hatching  was  asynchronous.  The  incubation  period 
ranged  from  19  to  22  days  and  averaged  19.8  ± 
1.2  days.  We  recorded  1 13  eggs  in  25  nests.  Sixty- 
nine  eggs  (61.1%)  hatched  successfully,  21  (18.6%) 
were  damaged  due  to  destruction  of  the  nest,  13 
(11.5%)  disappeared  from  the  nest  and  the  cause 
could  not  be  ascertained,  and  10  (8.8%)  were 
addled.  There  were  2.8  ±  1.7  (n  =  25)  eggs  per 
hatched  nest.  Overall  nest  hatching  success  was 
80%  and  47  young  fledged,  representing  42%  of  the 
eggs  laid  or  61%  of  the  eggs  hatched. 

The  average  body  mass  of  day-old  chicks  was 
24.0  ±  1.7  g  in  =  10).  Beak,  wing,  and  tarsus 
length  averaged  11.7  ±  0.4  mm  (range:  1 1 .0- 
12.3  mm;  n  =  10),  34.4  ±  1.4  cm  (range:  32.2- 

36.7  cm;  n  =  10),  and  8.7  ±  0.6  cm  (range:  8.0- 

9.7  cm;  n  =  10),  respectively.  Newly  hatched 
young  were  pink  in  color  and  covered  with  black, 
woolly  down  feathers.  The  eyes  were  open  at  birth 
and  the  forehead  was  flattened  and  marked  by  the 
complete  absence  of  feathers.  The  beak  was  white 
in  color  with  well-developed  red  markings.  The 
young  were  active  within  an  hour  of  hatching. 

DISCUSSION 

The  breeding  activity  of  Purple  Swamphens  in 
southern  India,  especially  egg  laying  that  started  in 
January,  is  typical  of  P.  p.  porphyrio  in  southern 
Spain  (Grussu  1999),  but  earlier  than  in  Portugal 
(Ramos  1994)  where  egg  laying  commenced  in 
March  and  clutch  initiation  ceased  in  mid  June. 
Earlier  breeding  activity  in  our  study  area  is 
probably  related  to  water  depth  and  availability  of 
floating  vegetation.  Walkinshaw  (1973)  reported 
that  water  depth  was  a  significant  limiting  factor  for 
initiation  of  nesting  in  some  water  birds. 


We  documented  that  nest  sites  of  Purple 
Swamphens  were  closest  to  the  bank  of  the  pond 
(1-4  m  from  the  bank).  The  area  used  for  nesting 
had  thick  floating  vegetation  which  provided 
concealment  and  more  accessible  nest  sites  than 
non-nesting  sites  (i.e.,  in  the  center  of  the  pond), 
del  Hoyo  et  al.  (1996)  reported  that  habitats  used 
by  swamphens  included  the  margins  of  fresh  or 
brackish  water  that  are  stagnant,  or  slow-flowing, 
and  over  grown  by  marsh  plants  such  as  Carex, 
Cyperus,  Phragmites,  and  Typha. 

The  structure  and  size  of  swamphens  nests  in 
our  study  area  (37.7  ±  3.9  cm)  was  larger  than  in 
Spain  (Sanchez-Lafuente  et  al.  1998).  The  average 
external  diameter  of  nests  reported  by  Sanchez- 
Lafuente  et  al.  (1998)  was  30.20  ±  1.33  cm. 
Cramp  (1980)  proposed  that  structure,  size,  and 
shape  of  nests  depended  on  the  plant  species 
available.  Nests  are  usually  constructed  from 
aquatic  plants  found  opportunistically  by  adults 
near  the  nesting  site.  Nests  in  Dona  Aldonza 
lagoon  were  mostly  composed  of  leaves  and  young 
stems  of  Typha  spp.,  Scirpus  spp.,  Phragmites  spp., 
etc.  (Sanchez-Lafuente  et  al.  1998).  Nests  in  our 
study  area  were  mostly  constructed  from  free 
floating  water  hyacinth,  which  is  not  a  rigid 
construction  material  and  may  have  resulted  in  the 
larger  swamphen  nests  in  our  study  area. 

Clutch  size  in  our  study  ranged  from  three  to 
seven  eggs  with  a  mean  of  4.5.  This  was  higher 
than  for  P.  porphyrio  irr  the  Mediterranean  area. 
Manez  (1997)  reported  a  clutch  size  of  3-5  eggs/ 
nest  in  Spain  while  Schenk  (1993)  reported  a 
clutch  size  of  4—6  eggs  in  Italy.  Moali  and 
Isenmann  (2000)  reported  a  clutch  size  of  3-6 
eggs  in  Algeria.  The  mean  clutch  size  in  our  study 
population  was  lower  than  for  P.  p.  melanotus  in 
New  Zealand  (Craig  1980),  which  was  5.6  and 
ranged  from  two  to  10  eggs.  Thus,  clutch  size  of 
swamphens  varies  geographically,  usually  de¬ 
creasing  with  latitude.  This  supports  Lack’s 
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(1947)  hypothesis  derived  from  earlier  observa¬ 
tions  on  different  avian  species. 

The  incubation  period  in  our  study  was 
apparently  shorter  than  for  other  subspecies  of 
Purple  Swamphens.  The  recorded  incubation 
period  for  P.  porphyrio  in  the  Mediterranean  area 
was  23-25  days  (Manez  1997),  24-27  days 
(Schenk  1993),  and  22-26  days  (Moali  and 
Isenmann  2000).  Craig  and  Jamieson  (1990) 
reported  an  incubation  period  of  23-27  days  for 
P.  p.  melanotus  in  New  Zealand.  One  possible 
explanation  for  asynchronous  hatching  in  our 
study  was  the  initiation  of  incubation.  Magrath 
(1990)  argued  that  females  begin  incubating  their 
eggs  before  clutch  completion,  resulting  in 
asynchronous  hatching. 

Hatching  success  in  our  study  was  high  as  61% 
of  113  eggs  hatched.  Analogous  values  from 
Purple  Swamphens  in  different  areas  of  south¬ 
eastern  Spain  were  lower  and  ranged  from  45.2  to 
57.9%  (Sanchez-Lafuente  et  al.  1998).  Craig 
(1980)  reported  hatching  success  was  high 
(73%)  for  P.  p.  melanotus  in  New  Zealand. 
Hatching  failure  in  our  population  resulted  from 
loss  of  entire  clutches  or  loss  of  1-2  eggs  per 
clutch.  Loss  of  1-2  eggs  may  be  due  to  predation, 
but  loss  of  whole  clutches  may  be  attributed  to 
nest  destruction  due  to  wind  and  wave  action. 
Helm  et  al.  (1987)  reported  that  floating  nests  of 
Purple  Gallinules  ( Porphyrio  martinica )  in  Louisi¬ 
ana  drifted  —75  m  during  strong  winds. 

Young  Purple  Swamphens  are  precocial  and 
had  low  fledging  success  in  our  study.  This  was 
attributed  to  the  ability  of  young  to  move  away 
from  the  parents  immediately  after  hatching, 
increasing  their  exposure  to  predators. 
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Breeding  Biology  of  the  Grey-hooded  Parrotbill  {Paradoxornis  zappeyi ) 
at  Wawushan,  Sichuan,  China 

Yingxin  Jiang,1  Yue-Hua  Sun,1-2  Nan  Lu,1  and  Zhonglin  Bi1 


ABSTRACT. — We  found  nine  nests  of  the  Grey- 
hooded  Parrotbill  ( Paradoxornis  zappeyi)  during  April 
through  July  2003  at  Wawushan  Natural  Reserve, 
Sichuan,  southwestern  China.  This  report  is  the  first 
description  of  the  nest  sites,  nests,  eggs,  and  breeding 
behavior  of  this  parrotbill,  and  the  first  documentation 
of  nestling  growth  from  hatching  until  fledging.  The 
nests  were  constructed  mainly  of  bamboo  ( Bashania 
faberi )  leaves,  fibrous  roots,  and  moss  by  both  male  and 
female.  Nests  were  bowl  shaped  and  in  bamboo  thickets 
81-122  cm  above  ground,  and  17-68  cm  below  the  top 
of  bamboo  leaves.  Clutch  size  was  3.1  eggs  {n  =  8 
nests)  and  eggs  were  oval,  pale  blue  in  color  with  a 
mean  mass  of  1.3  g.  Incubation  and  provisioning  of 
nestlings  were  by  both  parents.  The  nestling  period  was 
13-14  days  with  a  hatching  rate  of  0.52  and  mean 
reproductive  success  rate  of  0.48  fledglings  per  nest. 
Received  17  November  2008.  Accepted  15  April  2009. 


The  Grey-hooded  Parrotbill  ( Paradoxornis 
zappeyi)  is  a  rare  Chinese  endemic,  one  of  five 
threatened  members  of  a  10-species  avian  suite 
entirely  restricted  to  the  Central  Sichuan  Moun¬ 
tains  Endemic  Bird  Area  (Stattersfield  et  al.  1998) 
and  listed  as  vulnerable  by  the  IUCN  (2008). 
Chinese  ornithologists  have  also  proposed  it  be 
listed  as  a  nationally  protected  species  (Zheng  and 
Wang  1998).  The  Grey-hooded  Parrotbill  has  a 
highly  restricted  range  (Emeishan,  Wawushan, 
Luding,  Erlangshan,  and  Ebian  mountains  of 
central  and  western  Sichuan,  and  Weining  and 
Hezhang  mountains  of  northwestern  Guizhou)  and 
its  natural  history  is  totally  unknown  (Lei  and  Lu 
2006).  Low  density  and  restricted  distributions  are 
particularly  correlated  with  species  extinction 


1  Key  Laboratory  of  Animal  Ecology  and  Conservation 
Biology,  Institute  of  Zoology,  Chinese  Academy  of 
Sciences,  Beijing  100101,  People’s  Republic  of  China. 

2  Corresponding  author;  e-mail:  sunyh@ioz.ac.cn 


(Manne  et  al.  1999,  Groom  et  al.  2006),  as  such 
species  may  be  at  risk  from  stochastic  events 
(Bonn  et  al.  2002).  Paradoxornis  comprises  18 
species  in  China  but  almost  nothing  is  known  of 
their  breeding  behavior,  except  for  the  Vinous- 
throated  Parrotbill  ( P .  webbianus )  (Guo  et  al. 
2006).  The  objectives  of  our  work  were  to:  (1) 
find  and  describe  the  nests,  eggs,  and  chicks  of  the 
Grey-hooded  Parrotbill;  and  (2)  describe  its 
breeding  behavior. 

METHODS 

Study  Area. — We  studied  parrotbills  at  an 
elevation  of  ~2,830  m  on  the  plateau  of  the 
Wawushan  Natural  Reserve,  an  isolated  table 
mountain  in  Hongya  County  of  Sichuan  Province, 
southwest  China  (29°  25'-29°  34'  N,  102'-  49'- 
103°  00'  E).  The  area  is  within  the  monsoon 
climatic  belt  with  annual  precipitation  of  200  cm 
with  most  occurring  in  summer  from  June  through 
August.  The  annual  mean  temperature  of  this  area 
is  16.8°  C  (max  =  36.2°  C;  min  =  -3.3°  C). 
January  and  July  mean  temperatures  are  6.6  and 
25.7°  C,  respectively.  The  plateau  is  ~9  km2  in 
size  and  is  covered  by  forest  dominated  by  Emei 
fir  ( Abies  fabri ),  mixed  with  some  birch  ( Betula 
utilis).  Most  of  the  fir  are  mature  and  young  trees 
are  extremely  rare.  The  undergrowth  is  dominated 
by  bamboo  ( Bashania  faberi)  and  a  wide  variety 
of  Rhododendron  species  forming  low  bushes, 
among  them  R.  ambiguum  and  R.  maculiferum. 
Bamboo  thickets  provide  important  local  habitat 
for  several  other  bird  species,  in  addition  to  Grey- 
hooded  Parrotbills,  defined  as  “bamboo  special¬ 
ists”  (Kratter  1997),  including  Fulvous  Parrotbill 
{Paradoxornis  fulvifrons).  Streak-throated  Ful- 
vetta  (Alcippe  cinereiceps),  and  Spotted  Laugh- 
ingthrush  ( Garrulax  ocellatus). 
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TABLE  1. 

Nests  of  Grey-hooded  Parrotbill 

in  Wawushan  Nature  Reserve,  Sichuan  Province,  China. 

Nest  # 

Date  found 

Nest  stage  at  discovery 

Date  of  1st  egg 

Clutch  size 

#  Hatching 

#  Fledging 

i 

30  Apr 

Nest  complete 

8  May 

4 

0 

0 

2 

14  May 

Abandoned 

3 

21  May 

Nest  complete 

28  May 

2 

0 

0 

4 

29  May 

Egg  laying 

2 

i 

l 

5 

1  Jun 

Early  construction 

7  Jun 

3 

2 

2 

6 

3  Jun 

Incubation 

3 

0 

0 

7 

11  Jun 

Nestling  period 

4 

4 

4 

8 

16  Jun 

Early  construction 

24  Jun 

3 

3 

3 

9 

26  Jun 

Nestling  period 

4 

3 

2 

Field  Procedures. — We  searched  for  nests 
along  the  trails  (~8  km)  on  the  plateau  between 
26  April  and  12  July  2003.  We  used  vocal  clues 
and  following  parents  carrying  nest  materials  or 
returning  to  the  nest  after  an  incubation  break,  or 
with  food  for  nestlings.  We  monitored  nests 
noting  egg  dimensions  and  fresh  weights  plus, 
on  a  daily  basis,  the  mass  and  linear  measure¬ 
ments  (beak,  wing,  tarsus,  and  tail  length)  of 
nestlings.  We  also  netted  and  measured  three 
adults  before  egg  laying. 

RESULTS 

Nest  and  Nest  Building  Behavior. — We  found 
nine  Grey-hooded  Parrotbill  nests,  the  first  on  30 
April  (nest  completed,  and  before  egg  laying),  and 
the  last  on  26  June  (during  nestling  period) 
(Table  1).  Five  were  still  under  construction  when 
found,  two  had  partly  incubated  eggs,  and  two  had 
nestlings  (Table  1).  All  nests  were  in  bamboo 
thickets  from  81  to  122  cm  above  ground,  and  17- 
68  cm  below  the  top  of  the  bamboo. 

Nest  materials  were  mainly  bamboo  leaves  and 
stem  sheaths  with  some  moss  on  the  exterior 
surface  and  a  few  fibrous  roots  lining  the  cup  (Fig. 
1).  Nests  were  bowl-shaped  with  a  mean  (±  SD) 
inside  depth  of  55.6  ±  2.3  mm  and  a  mean 
outside  height  of  78.8  ±  6.2  mm  («  =  9).  Four 
nests  had  circular  openings  with  a  mean  inside 
diameter  of  41.4  ±  3.1  mm,  and  a  mean  outside 
diameter  of  72.5  ±  3.4  mm.  The  openings  of  the 
other  five  nests  were  slightly  elliptical  with  mean 
inside  short  axis  of  39.4  ±  3.2  mm  (range  = 
34.7^13.7  mm)  and  long  axis  of  44.7  ±  4.0  mm 
(range  =  39.0 — 49. 1  mm).  The  mean  outside  short 
axis  was  68.5  ±  7.9  mm  (range  =  62.1- 
81.9  mm),  and  the  long  axis  was  80.1  ± 
14.1  mm  (range  =  68.3-103.9  mm,  n  =  5). 

Grey-hooded  Parrotbills  associated  in  small 
flocks  with  Fulvous  Parrotbills  outside  the 


breeding  season.  We  observed  at  least  two 
separate  parrotbill  flocks  between  27  April  and  5 
May  numbering  3-6  individuals  moving  in  unison 
through  suitable  habitat  on  seven  different  occa¬ 
sions.  Paired  individuals  were  observed  at  the 
beginning  of  the  breeding  period  on  occasions 
gathering  nest  materials  and,  at  times  calling  to 
each  other  with  notes  we  render  as  “chiahh... 
chiahh”.  Birds  bringing  material  to  nests  ap¬ 
proached  cautiously,  pausing  some  5  m  from  the 
nest  for  about  5  sec  and  inspecting  the  surround¬ 
ings  before  entering  the  nest  site. 

Egg  Laying  and  Incubation  Rhythm. — We 
calculated  minimum  mean  (±  SD)  clutch  size 
from  the  observed  number  of  nestlings  and  or  eggs 
in  apparently  complete  clutches,  assuming  no 
unhatched  eggs  were  removed  from  ongoing  nests, 
as  3.1  ±  0.8  (n  =  8  nests;  Table  1).  Seventeen  eggs 
in  six  nests  were  oval  in  shape  and  pale  blue  in 
color.  The  mean  egg  length  was  16.3  ±  0.5  mm 
(range  =  15.6-17.0  mm),  mean  diameter  was  12.4 
±  0.4  mm  (range  =  11.8-12.9  mm,  n  -  17),  and 
mean  fresh  mass  was  1.3  ±  0.1  g  (range  =  1.1— 
1.5  g,  n  =  14),  excluding  three  eggs  in  the  sixth 
nest  because  the  parents  had  initiated  incubation. 
Thirteen  eggs  hatched  and  12  young  fledged, 
giving  an  overall  hatching  rate  of  0.52  (13/25), 
and  fledging  success  rate  of  0.48  (12/25).  The  mean 
number  of  fledglings  per  nest  was  1.5  (2.4/ 
sticcessful  nest;  Table  1). 

Egg  laying  at  two  nests  began  2  days  after 
completion  of  the  nest.  Eggs  were  normally  laid 
one  per  day  although  at  one  nest  (nest  #  3)  we  did 
not  observe  eggs  laid  on  consecutive  days. 
Incubation  began  when  clutches  were  completed 
and  lasted  14  days  («  =  3).  Both  parents 
incubated,  but  lack  of  individual  markers  or 
distinguishing  features  prevented  us  from  reliably 
quantifying  any  gender  differences  in  individual 
effort. 
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TABLE  2.  Daily  measurements  and  growth  of  three 
Grey-hooded  Parrotbill  nestlings  from  two  nests  in 
Wawushan  Nature  Reserve,  Sichuan  Province,  China. 


Nestling  age 
(day) 

Mass 

(8) 

Beak 

(mm) 

Wing 

(mm) 

Tarsus 

(mm) 

Tail 

(mm) 

0 

1.0 

2.9 

1.7 

5.4 

1.4 

1 

1.7 

3.3 

2.1 

6.4 

1.5 

2 

2.4 

3.8 

3.2 

7.4 

1.7 

3 

3.4 

4.0 

3.8 

9.1 

1.9 

4 

4.3 

4.2 

5.6 

11.1 

2.1 

5 

5.6 

4.4 

8.1 

13.4 

2.4 

6 

6.4 

4.7 

12.3 

14.9 

2.7 

7 

6.9 

4.8 

17.9 

15.6 

3.0 

8 

7.4 

5.0 

21.8 

16.6 

3.7 

9 

7.9 

5.5 

25.1 

18.4 

4.7 

10 

8.1 

5.4 

28.3 

19.2 

6.0 

11 

8.2 

5.6 

30.9 

19.5 

7.2 

12 

8.2 

5.8 

33.4 

19.8 

8.5 

Care  of  Nestlings. — Both  parents  participated 
in  caring  and  feeding  of  nestlings.  The  parents 
at  nest  #  4  made  16  feeding  visits  in  240  min 
of  observation  through  the  nestling  period  with  only 
one  nestling  for  an  average  between-feeding 
interval  of  15  min.  The  nestling  left  the  nest  on 
day  12  at  this  nest  and  on  day  13  at  nest  #  5. 

Three  nestlings  from  two  nests  were  weighed 
and  measured  every  day  until  fledging  (Table  2). 
Nestlings  (Fig.  2)  at  hatching  had  a  yellow 
complexion  and  the  capital  feather  tract  was  dark; 
the  spinal  tract,  wings,  and  legs  darkened  the  next 
day.  Wing  and  tail  feathers  emerged  from  their 
sheaths  on  the  seventh  or  eighth  day,  and  the 
sheaths  had  already  appeared  on  other  parts  of  the 
body.  Ventral  feather  growth  was  still  rudimen¬ 
tary  when  nestlings  fledged  at  day  12  or  13,  and 
feathers  covered  about  75%  of  the  ventral  surface. 
We  obtained  mean  measurement  values  from  two 
paired  adult  parrotbills  and  another  of  unknown 
gender  due  to  no  obvious  sexual  dimorphism:  the 
mean  mass  was  10.0  g,  beak  =  7.9  mm,  wing  = 
54.3  mm,  tarsus  length  =  21.5  mm,  and  mean  tail 
length  =  76.5  mm. 

DISCUSSION 

Bamboo  habitats  appear  to  be  key  requirements 
for  P.  zappeyi;  the  birds  were  observed  to  feed  (on 
insects)  and  nest  exclusively  in  bamboo  thickets, 
and  their  nests  were  also  constructed  within 
bamboo.  Compared  to  P.  webbianus,  the  Grey- 
hooded  Parrotbill  has  a  smaller  clutch  size  (3.1  vs. 
4~5),  and  smaller  egg  mass  (1.3  vs.  1.5  g)  (Guo 
et  al.  2006).  Only  13  of  25  eggs  of  P.  zappeyi 


FIG.  1.  Nest  and  eggs  of  Grey-hooded  Parrotbill 
(Photograph  by  Yingxin  Jiang). 


hatched  due  to  nest  loss  of  37.5%  (3/8;  Table  1), 
and  12  young  fledged,  which  was  lower  than 
reported  by  Guo  et  al.  (2006)  for  P.  webbianus  (17 
of  19  eggs  hatched  and  fledged  young).  This 
might  be  due  to  different  study  sites  (Guo  et  al.’s 
[2006]  work  was  conducted  mainly  within  the  city 
with  few  ground  predators)  while  it  rained  nearly 
every  night  on  the  plateau  at  our  study  site. 

Habitats  used  by  Grey-hooded  Parrotbill  were 
on  top  of  the  Wawushan  Plateau  surrounded  by 
steep  cliffs  where  the  impact  of  human  activities 
has  traditionally  been  relatively  low.  Grey-hooded 
Parrotbills  at  Wawushan  presently  do  not  seem  to 
be  in  danger  as  we  detected  40  individuals  (at 
least  18  pairs)  along  5  km  of  trail  where  we 
counted  all  birds  within  50  m  to  either  side  of  the 
trail.  This  yields  a  minimum  of  0.8  birds/ha. 

Promotion  of  tourism  has  resulted  in  construc¬ 
tion  of  a  ski  slope  on  the  plateau,  and  the  number 


JTG.  2.  Nestlings  of  Grey-hooded  Parrotbill  (Photo¬ 
graph  by  Yingxin  Jiang). 
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of  tourists  is  about  300,000/year  and  rapidly 
increasing.  This  has  led  to  destruction  of  many 
prime  bamboo  thickets  suitable  for  Grey-hooded 
Parrotbills.  The  increasing  number  of  tourists  may 
have  an  impact  on  wildlife  species  that  live  and 
forage  close  to  the  ground,  particularly  Grey- 
hooded  Parrotbills.  More  detailed  environmental 
assessments  are  needed  to  examine  the  impacts  of 
increased  development  and  visitors  on  Grey- 
hooded  Parrotbills.  The  reserve’s  primary  man¬ 
date  is  wildlife  protection,  particularly  when  it 
preserves  a  rare  and  restricted  Chinese  endemic 
such  as  the  Grey-hooded  Parrotbill. 
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Breeding  Success  and  Social  Mating  System  of  the  Bay-capped 
Wren-Spinetail  ( Spartonoica  maluroides) 

Paulo  E.  Llambfas,1,6  Valentina  Ferretti,1,2  Daniel  A.  Cardoni, 3,4,5  and  Jesus  E.  Maldonado1 2 3 4 5 6 


ABSTRACT. — We  studied  breeding  biology,  paren¬ 
tal  roles,  and  social  mating  system  of  the  Bay-capped 
Wren-Spinetail  (Spartonoica  maluroides),  a  habitat 
specialist  furnariid,  in  the  Argentinean  pampas.  We 
found  42  nests  during  2004—2007,  two  during  egg 
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laying,  28  during  incubation,  and  12  with  nestlings. 
Mean  clutch  size  was  3.17  eggs  ( n  =  29),  the  incubation 
period  was  13  days,  and  nestlings  remained  in  the  nest 
for  12  days  before  fledgling.  Bay-capped  Wren-Spine- 
tails  are  socially  monogamous;  both  males  and  females 
develop  a  brood  patch  and  contribute  to  incubation, 
brooding,  and  provisioning  of  nestlings.  Wren-Spine- 
tails  are  unique  among  fumariids  as  they  build  an  open 
cup  nes't  with  a  few  presenting  a  loose  domed  roof. 
Breeding  success  of  Bay-capped  Wren-Spinetails  was 
higher  (total  probability  of  nesting  success  =  0.508) 
than  other  species  of  sympatric  passerines  because  of 
low  nest  predation  and  high  nest  survival  rates  during 
incubation  and  nestling  rearing  stages.  Received  20 
January  2009.  Accepted  17  June  2009. 


The  members  of  the  Furnariidae  (236  described 
species)  inhabit  a  great  diversity  of  biomes  in  the 
Neotropics,  including  lowland  and  montane 
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forests,  grasslands,  salt  and  fresh  water  marshes, 
and  rocky  areas  and  meadows  in  the  High  Andes 
(Ridgely  and  Tudor  1994,  Remsen  2003).  Fumar- 
iids  show  no  variation  in  mating  systems  and 
parental  roles,  and  all  species  studied  have  been 
described  as  socially  monogamous  with  males  and 
females  having  similar  parental  roles  (shared 
incubation,  brooding,  and  feeding  nestlings) 
(Remsen  2003).  However,  studies  of  color-banded 
populations  are  rare  and  current  knowledge  on 
parental  roles  and  breeding  biology  is  based  on  a 
small  number  of  species. 

Bay-capped  Wren-Spinetails  ( Spartonoica  mal- 
uroides)  are  small  (10-12  g),  insectivorous, 
habitat  specialists  that  inhabit  fresh  water  and 
brackish  marshes  in  the  Pampas  region  in  north- 
central  Argentina,  southeastern  Brazil,  and  Ur¬ 
uguay  (Ridgely  and  Tudor  1994).  The  reproduc¬ 
tive  biology  and  social  mating  system  of  the  Bay- 
capped  Wren-Spinetail  have  not  been  previously 
described  due  to  its  elusive  breeding  habits.  Wren- 
Spinetails,  as  habitat  specialists,  are  vulnerable  to 
habitat  transformation  and  are  considered  near 
threatened  (Birdlife  International  2008).  The 
objective  of  this  paper  is  to  provide  basic 
information  on  the  life  history,  breeding  success, 
and  social  mating  system  of  the  Bay-capped 
Wren-Spinetail. 

METHODS 

We  conducted  field  work  at  a  private  cattle 
ranch,  Los  Zorzales  (36°  25'  S,  56°  58'  W),  in 
Buenos  Aires  Province,  Argentina  between  Sep¬ 
tember  and  December  2004-2007.  The  habitat  is 
characterized  by  small  wetlands,  salt  marshes,  and 
isolated  patches  of  Celtis  tala  woods.  Wren- 
Spinetails  breed  in  this  area  during  the  austral 
spring  (Oct-Jan)  in  salt  marshes  where  sedges 
(, Spartina  spp.)  and  rushes  ( Juncus  spp.)  predom¬ 
inate. 

We  located  nests  of  Wren-Spinetails  using  both 
behavioral  cues  of  adults  and  systematic  search¬ 
ing.  We  checked  nests  every  2-4  days  to  assess 
clutch  size,  hatching  success,  and  fledging 
success.  Nests  were  checked  every  day  when 
eggs  were  close  to  hatch  or  nestlings  close  to 
fledging  to  ascertain  incubation  period  (number  of 
days  from  laying  of  the  last  egg  until  hatching  of 
the  first  young)  and  nestling  period  (number  of 
days  from  hatching  of  the  first  young  until 
fledging  of  the  last  nestling).  We  used  mist  nests 
to  capture  adults  close  to  the  nest  and  color- 
banded  24  pairs  during  2004—2007. 


We  considered  a  nest  to  be  depredated  if  eggs 
or  nestlings  that  were  younger  than  10  days 
disappeared  from  the  nest.  We  considered  a  nest 
to  be  successful  if  nestlings  fledged  and  were 
observed  being  fed  by  adults. 

We  monitored  nests  during  incubation  and 
when  nestlings  were  2-3,  7-8,  and  1 1-12  days 
of  age  to  assess  parental  roles.  We  observed  nests 
from  a  distance  of  50  m  with  10  X  42  binoculars 
and  identified  the  individuals  attending  the  nest. 
We  assumed  the  adults  were  incubating  eggs  or 
brooding  nestlings  when  they  remained  on  the 
nest  for  more  than  5  min.  Wren-Spinetails  are 
elusive  close  to  the  nest,  and  we  limited 
observations  to  a  minimum  to  avoid  disturbance, 
remaining  in  the  area  sufficiently  long  to  confirm 
that  both  adults  were  attending  the  nest.  Thus,  we 
did  not  assess  parental  provisioning  rates. 

We  calculated  clutch  size  as  the  number  of  eggs 
observed  in  the  nest.  This  method  may  underes¬ 
timate  clutch  size  as  partial  predation  can  reduce 
the  number  of  eggs  in  the  nest.  We  did  not 
observe  partial  nest  losses  during  162  days  of 
observation  of  the  29  nests  we  monitored  during 
incubation.  We  took  particular  care  not  to  disturb 
the  vegetation  in  the  area  or  leave  any  marking 
that  could  attract  the  attention  of  potential  nest 
predators  during  nest  checks  and  observation 
bouts. 

We  estimated  nest  survival  and  daily  mortality 
rates  of  nests  following  Mayfield  (1975).  We 
estimated  the  time  the  nest  survived  as  40%  of  the 
length  of  the  period  between  visits  (Johnson 
1979).  We  estimated  the  overall  probability  that 
one  chick  would  fledge  from  a  nest  as  the  sum  of 
daily  survival  rates  for  each  nesting  stage  elevated 
to  the  exposure  time  (number  of  days  the  nest 
remained  in  that  stage).  We  estimated  exposure 
time  at  13  days  for  incubation  and  12  days  for  the 
nestling  rearing  stage  based  on  nests  monitored  in 
the  area.  We  performed  all  statistical  analyses 
using  SPSS  Version  14.0  software  (SPSS  2005). 

RESULTS 

We  found  42  nests  during  2004^2007,  two 
during  the  egg  laying  period,  28  during  incuba¬ 
tion,  and  12  with  nestlings.  Nests  were  both  open 
cup  or  presented  a  simple  roof,  built  deep  inside 
sedges  and  rushes.  Success  of  34  nests  (8  nests 
were  not  monitored  through  the  entire  nestling 
cycle)  was  ascertained  of  which  21  produced 
fledglings,  12  were  predated,  (2  during  incubation 
and  10  with  nestlings),  and  one  was  abandoned 
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after  a  rain  storm.  Both  adults  had  brood  patches 
and  were  involved  in  incubation  (14/14  nests), 
brooding  (16/16  nests),  and  feeding  nestlings  at 
day  2-3  (16/16  nests),  day  7-8  (20/20  nests),  and 
day  11-12  (15/15  nests). 

Mean  (±  SD)  clutch  size  was  3.17  ±  0.47,  ( n  = 
29  nests);  22  nests  contained  three  eggs,  six 
contained  four  eggs,  and  one  contained  two  eggs. 
We  did  not  observe  Shiny  Cowbird  ( Molothrus 
bonariensis )  eggs,  although  this  species  was 
abundant  in  the  area.  The  mean  (±  SD)  number 
of  fledglings  for  successful  nests  was  2.62  ±  0.80 
(n  =  21  nests). 

We  were  only  able  to  calculate  the  incubation 
period  for  two  nests  (13  days).  The  mean  (±  SD) 
nestling  period  was  12.38  ±  0.92  (n  =  8  nests),  and 
ranged  from  11  to  14  days.  Daily  survival  rate 
based  on  162  nest  days  during  incubation  was 
0.987  with  a  total  survival  rate  for  the  incubation 
period  of  0.846.  Daily  survival  rate  based  on  277 
nest  days  during  the  nestling  period  was  0.958  with 
a  survival  rate  for  the  nestling  period  of  0.601.  The 
total  probability  of  nesting  success  was  0.508. 

DISCUSSION 

Fumariids  are  present  in  all  terrestrial  habitats 
in  the  Neotropics  and  exhibit  extreme  variation  in 
nest  architecture  (Remsen  2003).  Nest  structure 
has  been  used  to  study  phylogenetic  relationships 
in  the  family  (Vaurie  1980,  Zyskowski  and  Pram 
1999)  and  nest  building  evolution  in  passerines 
(Collias  1997).  Bay-capped  Wren-Spinetails  have 
a  central  role  in  these  studies  since  they  are  the 
only  fumariid  to  construct  a  rudimentary  nest 
(Vaurie  1980).  Narosky  (1973)  noted  there  were 
strong  discrepancies  in  the  literature  concerning 
the  nest  structure  of  Wren-Spinetails.  Some 
authors  have  considered  it  an  open  structure, 
while  others  have  described  it  as  an  enclosed  nest. 
We  observed  that  some  nests  had  a  rudimentary 
roof,  but  others  were  built  as  an  open  cup  with 
few  Juncus  spp.  stems  barely  covering  the  top.  It 
is  likely  that  open  cup  nests  were  found  later  in 
the  breeding  stage  when  the  cover  was  lost  as  a 
result  of  the  adults  coming  in  and  out  of  the  nest. 

Wren-Spinetails  may  be  the  only  furnariid  to 
build  a  simple  nest,  but  several  aspects  of  its 
breeding  biology  are  similar  to  other  members  of 
the  Furnariidae.  The  mating  system  of  Wren- 
Spinetails  is  social  monogamy,  similar  to  other 
members  of  the  family  (Remsen  2003).  Cooper¬ 
ative  breeding  has  been  documented  in  the 
Rufous-fronted  Thombird  ( Phacellodomus  rufi- 


frons)  (Rodriguez  and  Carrara  2004),  Lark-like 
Brushrunners  ( Coryphistera  alaudina )  (Areta  and 
Bodrati  2007),  and  is  suspected  in  the  Firewood- 
gatherer  ( Anumbius  annumbi)  (Rodriguez  and  Car¬ 
rara  2004),  Pink-legged  Graveteiro  ( Acrobatornis 
fonsecai )  (Whitney  et  al.  1996),  Caatinga  and 
Brown  cacholotes  ( Pseudoseisura  cristata  and  P. 
lophotes)  (Zimmer  and  Whittaker  2000),  and 
Orange-fronted  Plushcrown  ( Metopothrix  auran- 
tiaca)  (Remsen  2003).  We  did  not  observe  more 
than  two  birds  attending  a  nest;  thus,  cooperative 
breeding  is  unlikely  in  Wren-Spinetails  in  our 
study  area. 

Both  male  and  female  Wren-Spinetails  have 
brood  patches  and  share  incubation,  brooding,  and 
feeding  of  nestlings.  Similar  results  have  been 
reported  for  Rufous  Hornero  ( Furnarius  rufus) 
(Fraga  1980),  Brown  Cacholote  (Nores  and  Nores 
1994),  and  Thom-tailed  Rayadito  ( Aphrastura 
spinicauda )  (Moreno  et  al.  2007);  it  is  likely  this 
pattern  is  typical  of  all  furnariids  (Remsen  2003). 
No  variation  in  parental  roles  and  social  mating 
system  has  been  reported  for  fumariids.  Only 
three  other  suboscine  passerine  families  have  a 
similar  broad  neotropical  distribution:  tapaculos 
(Rhinocryptidae),  cotingas  (Cotingidae),  and  ty¬ 
rant  flycatchers  (Tyrannidae).  Tapaculos  exhibit 
similar  parental  roles  and  are  socially  monoga¬ 
mous  (Krabbe  and  Schulenberg  2003).  However, 
social  polygyny  has  been  observed  in  flycatchers 
and  cotingas,  but  only  the  female  develops  a 
brood  patch,  incubates,  and  broods  the  young 
(Fitzpatrick  2004,  Snow  2004).  Male  furnariids 
and  tapaculos  appear  to  be  constrained  to 
monogamy  because  parental  care  may  be  essential 
during  incubation. 

Polygyny  and  polyandry  are  present  in  other 
passerine  species,  such  as  Eurasian  Penduline  Tit 
(. Remiz  pendulinus),  where  both  males  and  fe¬ 
males  incubate  eggs  and  brood  nestlings  (Valera 
et  al.  1997).  An  alternative  view  would  be  that  in 
species. with  similar  parental  roles  either  gender 
car)  desert,  and  polyandry  and  polygyny  could  be 
expected.  Bennet  and  Owens  (2002)  proposed  that 
entire  bird  lineages  are  predisposed  to  a  particular 
mating  system  (as  in  the  case  of  fumariids  and 
tapaculos)  while  in  other  groups,  ecological 
variables  may  facilitate  differences  within  the 
lineages. 

The  clutch  size  of  Wren-Spinetails  is  small  and 
similar  to  other  members  of  the  family.  Shiny 
Cowbirds  parasitize  several  sympatric  marsh 
nesting  passerines  (Massoni  and  Reboreda  1998, 
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Fernandez  and  Mermoz  2000),  but  we  did  not 
observe  cowbird  eggs  in  nests  of  Wren-Spinetails. 
Nest  survival  was  also  higher  than  other  sympatric 
passerines.  The  probability  of  a  Wren-Spinetail 
nest  surviving  the  entire  nesting  cycle  was 
relatively  high  (0.51)  when  compared  to  two 
sympatric  marsh-nesting  birds,  Scarlet-headed 
Blackbird  ( Amblyramphus  holosericeus )  and 
Brown-and-yellow  Marshbird  ( Pseudoleistes  vir- 
escens )  with  a  probability  of  0.25  and  0.11, 
respectively  (Fernandez  and  Mermoz  2000)  and  a 
cavity  nester,  House  Wren  ( Troglodytes  aedon), 
breeding  in  adjacent  woods  with  a  probability  of 
0.25  (Llambias  and  Fernandez  2007).  Differences 
in  brood  parasitism  and  predation  rates  of 
sympatric  passerines  may  be  due  to  microhabitat 
characteristics,  nest  location,  or  behavior.  Future 
research  should  focus  on  examining  the  environ¬ 
mental  and  behavioral  factors  responsible  for  the 
low  predation  rates  observed. 
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Breeding  of  the  Spot-billed  Toucanet  ( Selenidera  maculirostris)  in  the  Wild 

Andre  de  Camargo  Guaraldo1,2  and  Vanessa  Graziele  Staggemeier1 2 


ABSTRACT. — The  Spot-billed  Toucanet  ( Selenidera 
maculirostris)  is  an  endemic  member  of  the  Ramphas- 
tidae  occurring  in  the  Atlantic  Forest  in  Brazil.  There  is 
anecdotal  literature  about  this  species  breeding  in  the 
wild,  but  no  data  are  available  about  parental  behavior 
and  nest  morphometry.  We  describe  observations  of 
parental  behavior  of  the  Spot-billed  Toucanet  including 
measurements  of  one  nest  in  Ilha  do  Cardoso  State  Park, 
Sao  Paulo,  Brazil.  The  nest  was  inside  a  hollow  of  a 
Lauraceae  tree  with  the  entrance  hidden  by  leaves  of 
Aechmea  sp.  (Bromeliaceae).  The  Spot-billed  Toucanet, 
based  on  our  observations  and  review  of  the  literature, 
nests  in  tree  cavities  between  2  and  7  m  above  ground 
and  both  parents  provision  the  nestlings.  Received  13 
July  2008.  Accepted  7  June  2009. 


Spot-billed  Toucanets  ( Selenidera  maculiros¬ 
tris'.  Ramphastidae)  primarily  inhabit  middle  and 
low  strata  of  the  Atlantic  Forest  in  Brazil,  but  also 
occur  in  gallery  forests,  secondary  forests,  and 
large  forest  fragments  (Sick  1997,  Guix  et  al. 
2001,  Alvarenga  2004,  Sigrist  2005).  It  feeds 
mainly  on  fruits  and  makes  regional  migrations 
following  the  fruiting  season  of  species  such  as 
Palm-heart  ( Euterpe  edulis)  (Galetti  et  al.  2000, 
Alvarenga  2004,  Sigrist  2005).  In  addition,  it  may 
feed  on  nestlings  of  birds  (e.g.,  the  Red-necked 
Tanager  [Tangara  cyanocephala ]),  insects,  and 
also  forages  on  flowers  and  leaves  (Galetti  et  al. 
1999). 

Toucans  usually  nest  inside  pre-existing  cavi¬ 
ties,  such  as  old  woodpecker  nests  (de  la  Pena 
1988,  Sigrist  2005),  but  Selenidera  also  may 
excavate  their  own  nest  in  soft  or  well-rotted 
wood  (Short  and  Home  2002).  No  further  details 
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of  S.  maculirostris  nests  were  found  in  the 
literature,  except  for  captive  breeding.  Both  males 
and  females  in  captivity  are  known  to  excavate 
nests  in  rotten  wood  previously  excavated  for 
them;  clutch  size  may  vary  from  two  to  three 
white  eggs,  which  are  incubated  for  —15  days 
(Short  and  Horne  2002).  Descriptions  of  parental 
behavior  are  also  lacking,  and  the  only  described 
observations  are  of  captive  birds  (Short  and  Home 
2002;  Z.  S.  Cubas,  unpubl.  data;  M.  Cziulik, 
unpubl.  data).  We  present  the  first  morphometric 
description  of  a  Spot-billed  Toucanet  nest  in  the 
wild  including  observations  of  parental  behavior. 

OBSERVATIONS 

We  found  a  Spot-billed  Toucanet  nest  on  18 
October  2006  in  a  lowland  Atlantic  Forest  area  in 
Ilha  do  Cardoso  State  Park  (25°  05'  S,  47°  53'  W), 
a  continental  island  with  22,500  ha  of  well- 
preserved  vegetation  (Barros  et  al.  1991)  in 
Cananeia  County,  southeast  Brazil.  This  area  has 
been  described  by  Staggemeier  et  al.  (2007)  and 
Cazetta  et  al.  (2009). 

Bromeliad  ( Aechmea  sp.)  leaves  partially  con¬ 
cealed  the  entrance  of  the  nest  and  shook  as  the 
toucanets  entered  and  left  the  nest.  The  movement 
of  the  birds,  plus  the  noise  made  by  the  leaves  as 
toucanets  arrived  and  departed,  revealed  the 
location  of  the  nest.  The  nest  was  of  the  ‘cavity 
with  a  vertical  tunnel’  type  (following  the  nest 
classification  proposed  by  Simon  and  Pacheco 
2005),  and  was  inside  a  hollow  of  a  17-m  tall  live 
Lauraceae  tree  fully  covered  with  epiphytes 
(diameter  at  breast  height  =  790  mm).  The 
entrance  to  the  vertical  access  tunnel  was  54.65 
X  78.9  mm  and  7  m  above  ground  where  the 
trunk  was  6 1 0  mm  in  diameter.  The  entrance  had  an 
internal  diameter  of  117  mm  and  the  nest  was  —  1  m 
in  depth  inside  the  tree.  It  was  not  possible  to 
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measure  the  nest  chamber  at  the  bottom  of  the  tunnel 
because  of  the  small  cavity  opening.  Judging  by  the 
noise,  we  assume  there  were  at  least  two  nestlings 
inside  the  nest.  V.  B.  Ziparro  (pers.  comm.)  reported 
a  nest  of  Spot-billed  Toucanets  in  Intervales  State 
Park  to  us  with  three  nestlings.  This  nest  was  ~2  m 
above  ground  in  a  hollow  of  a  dead  tree.  Thus,  based 
on  this  and  our  observations.  Spot-billed  Toucanets 
may  build  nests  in  hollows  between  2  and  7  m  above 
the  ground. 

Numerous  Palm-heart  seedlings  were  growing 
in  the  sheaths  of  the  bromeliad  leaves  directly 
below  the  nest  entrance.  This  seedling  clump 
suggests  frequent  consumption  of  Palm-heart 
fruits  by  the  parents  and  nestlings  inside  the  nest 
followed  by  seed  regurgitation  and/or  their 
removal  from  the  nest  chamber  by  the  parents. 

The  behavior  of  the  adult  Spot-billed  Toucanets 
around  the  nest  was  observed  using  8  X  40 
binoculars  on  18  October  2006  from  0700  to  1 100 
hrs,  during  which  adults  came  to  the  nest  15  times. 
The  adults  frequently  perched  on  a  branch  of  a 
Marlierea  obscura  (Myrtaceae)  in  front  of  the  nest 
tree  before  entering  the  nest.  This  behavior 
allowed  identification  of  the  gender  of  the  adult 
as  well  as  food  items  brought  to  the  nestlings. 

Adult  Spot-billed  Toucanets  spent  an  average 
of  83.6  ±  50.2  sec  with  the  nestlings  inside  the 
nest  during  each  visit.  The  male  toucanet  made 
eight  visits  to  the  nest,  the  female  four,  and  it  was 
not  possible  to  identify  the  gender  on  three  visits. 
Adults  entered  the  nest  carrying  Palm-heart  fruits 
in  their  bill  six  times,  two  times  they  brought 
unidentified  fruits,  and  in  the  remaining  six  events 
it  was  not  possible  to  identify  the  food  item  they 
carried;  it  is  possible  they  may  have  brought  a 
small  lizard  to  the  nest  in  one  visit. 

DISCUSSION 

The  Spot-billed  Toucanet  pair  appeared  to  have 
a  territory  as  no  other  individual  was  seen  or  heard 
in  the  vicinity  of  the  nest.  The  nest  was  not  visible 
as  it  was  hidden  behind  Aechmea  leaves.  The 
discrete  parental  behavior  used  when  approaching 
the  nest  potentially  reduced  attraction  of  nearby 
predators.  No  aggressive  actions  were  made 
toward  us  when  we  accessed  the  nest  to  take 
measurements. 

The  provisioning  rate  recorded  (~4  events/hr) 
suggests  the  nest  contained  well-developed  nest¬ 
lings.  Females  are  known  to  be  most  responsible 
for  provisioning  young,  although  the  opposite 
may  occur  for  some  species  such  as  the  Channel¬ 


billed  Toucan  ( Ramphastos  vitellinus)  (Short  and 
Horne  2002).  This  may  be  also  true  for  the  Spot¬ 
billed  Toucanet.  Species  of  Ramphastidae  can 
store  food  in  their  esophagus  and  later  regurgitate 
it  to  another  adult  or  to  the  nestlings  (Sick  1997). 
Thus,  even  when  parents  were  seen  entering  the 
nest  without  visible  food  items  in  their  bill,  they 
may  have  brought  food  to  the  nestlings.  Fruits  of 
at  least  five  species  (based  on  seeds  found  inside 
and  in  the  vicinity)  were  included  in  the  diet  of 
the  toucanet  nestlings:  Euterpe  edulis  and  Geo¬ 
noma  elegans  (Arecaceae),  Cecropia  glaziovii 
(Cecropiaceae),  Guapira  opposita  (Nyctagina- 
ceae),  and  an  unidentified  species  of  Lauraceae. 
Use  of  E.  edulis  highlights  an  important  role  for 
this  palm  in  conservation  programs  in  the 
Atlantic  rainforest. 
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Proximity  to  Active  Accipiter  Nests  Reduces  Nest  Predation  of 
Black-chinned  Hummingbirds 

Harold  F.  Greeney1'3’4  and  Susan  M.  Wethington2 


ABSTRACT. — A  variety  of  bird  species  have  been 
shown  to  derive  protection  from  nest  predators  by  nesting 
in  association  with  more  aggressive  or  predatory  species. 
We  provide  the  first  evidence  of  this  interaction  for  a 
hummingbird.  Black-chinned  Hummingbird  (Archilo¬ 
chus  alexandri)  nests  in  southeast  Arizona  were  found 
near  the  nests  of  two  species  of  Accipiter  raptors. 
Mayfield  estimates  of  nest  survival  indicated  nests  within 
300  m  of  active  Accipiter  nests  have  significantly  higher 
probabilities  (46  vs.  9%)  of  successfully  fledging  young. 
Received  27  December  2008.  Accepted  19  March  2009. 


Nest  predation  has  been  demonstrated  to  be  a 
major  factor  limiting  nesting  success  and  shaping 
spatial  distributions  of  breeding  birds  (e.g., 
Ricklefs  1969,  Suhonen  et  al.  1994,  Roos  and 
Part  2004,  Fontaine  and  Martin  2006),  making 
selection  of  a  safe  breeding  habitat  a  fundamen¬ 
tally  important  aspect  in  avian  population  ecology 
(Newton  1998).  Breeding  birds  are  expected  to 
choose  nest  sites  which  reduce  exposure  to 
predators  including  nesting  in  association  with 
more  aggressive  or  larger  predatory  birds  whose 
presence  reduces  abundance  of  nest  predators  in 
the  immediate  vicinity  (e.g.,  Norrdahl  et  al.  1995, 
Prop  and  Quinn  2003).  This  type  of  interspecific 
association,  however,  has  not  been  reported  for 
any  hummingbird  species. 
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The  Black-chinned  Hummingbird  ( Archilochus 
alexandri )  nests  from  southern  British  Columbia 
to  extreme  northern  Mexico  and  southern  Texas, 
over- wintering  from  southern  Texas  to  south- 
central  Mexico  (Baltosser  and  Russell  2000). 
Black-chinned  Hummingbirds  within  this  region 
nest  in  riparian  zones,  breeding  from  early  April 
to  August  (Baltosser  and  Russell  2000).  Most 
information  on  breeding  biology  of  Black-chinned 
Hummingbirds  has  come  from  work  in  southeast¬ 
ern  Arizona  and  southwestern  New  Mexico. 

We  noticed  that  nests  of  Black-chinned  Hum¬ 
mingbirds  in  southeastern  Arizona  exhibit  clus¬ 
tered  distributions  on  the  landscape  (Fig.  1), 
despite  availability  of  suitable  riparian  nesting 
habitat  available  elsewhere  (Baltosser  1983, 
Baltosser  and  Russell  2000).  We  found  upon 
closer  examination  that  these  groups  appeared  to 
occur  near  active  Accipiter  nests.  We  test  the  idea 
that  proximity  to  active  Accipiter  nests  reduces 
predation  on  Black-chinned  Hummingbird  nests 
in  a  post-hoc  examination  of  nesting  success. 

METHODS 

We  made  all  observations  in  the  vicinity  of  the 
American  Museum  of  Natural  History’s  South¬ 
western  Research  Station  (31°’53'  N,  109°  12’  W; 
1,600  m  elevation),  west  of  Portal  in  the  Chirica- 
hua  Mountains,  Cochise  County,  in  southeastern 
Arizona  (an  area  described  by  Marshall  1957).  We 
searched  for  Black-chinned  Hummingbird  and 
Accipiter  spp.  nests  along  riparian  areas  near  the 
station  from  14  April  to  4  June  2007.  We  searched 
the  entire  area  in  a  regular  zig-zag  pattern  to 
insure  that  all  areas  were  visited  equally.  Upon 
location  of  a  hummingbird  nest,  we  made  note  of 
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FIG.  1 .  Location  of  Black-chinned  Hummingbird  and  Accipiter  nests  within  a  riparian  zone  search  area  in  southeastern 
Arizona.  The  active  Accipiter  nest  on  the  far  left  was  that  of  Northern  Goshawk. 


its  stage  (building,  incubation,  nestlings).  We 
assigned  nest  stage  by  observing  the  nest  contents 
either  directly  or  with  a  mirror  pole.  We  used  adult 
behavioral  cues  (such  as  sitting  long  periods  and/or 
adding  material  or  feeding  nestlings)  in  the  case  of 
nests  over  7  m  above  the  ground.  We  checked  nests 
every  2-3  days  to  assess  their  status  and  considered 
nests  to  have  been  depredated  when  their  contents 
disappeared  prior  to  the  expected  fledging  date.  We 
predicted  fledge  date  using  known  incubation  and 
nestling  periods  (Baltosser  and  Russell  2000),  and 
by  estimating  nestling  age  using  plumage  devel¬ 
opment  (Greeney  et  al.  2008).  We  excluded  nests 
that  were  abandoned  during  any  stage,  leaving  the 
contents  intact.  We  included  in  our  analyses  only 
nests  that  contained  eggs  or  young  during  our 
observations.  We  used  a  Global  Positioning  System 
(GPS)  to  calculate  the  shortest  distance  to  the 
nearest  active  Accipiter  nest  from  each  humming¬ 
bird  nest. 

We  used  methods  developed  by  Mayfield 
(1975)  and  Johnson  (1979),  and  calculated  daily 
nest  survival  rates  (DSR)  (±  SE)  and  95% 
confidence  limits  for  nests  within  100-m  distance 
intervals  from  active  Accipiter  nests  (e.g.,  0-100, 
101-200  m).  We  chose  these  distance  categories 
to  insure  there  were  sufficient  hummingbird  nests 


in  each  sample  for  meaningful  comparisons.  We 
compared  DSRs  between  100-m  distance  catego¬ 
ries  following  Johnson  (1979). 

RESULTS 

We  found  and  monitored  61  Black-chinned 
hummingbird  nests  within  our  search  area  that  fit 
our  criteria.  Fifteen  were  closest  to  an  active 
Northern  Goshawk  ( Accipiter  gentilis)  nest  and  46 
were  closest  to  an  active  Cooper’s  Hawk  (A. 
cooperii )  nest  (Fig.  1).  We  found  no  evidence  of 
additional  active  raptor  nests  despite  exhaustive 
searching  for  additional  Accipiter  nests  that  may 
have  been  within  400  m  of  our  principle  search 
area,  but  found  an  inactive  nest  that  had  been  used 
by  Cooper’s  Hawks  the  previous  year  (Dave 
Jasper,  pers.  comm.).  Ten  of  the  15  nests  >300  m 
from  an  active  Accipiter  nest  occurred  within 
300  m  of  the  inactive  nest  (Fig.  1). 

There  were  no  significant  differences  in 
DSR’s  between  100,  200,  and  300-m  distance 
intervals  of  hummingbird  nests  (Fig.  2),  but  nests 
>300  m  from  active  Accipiter  nests  were 
significantly  (Johnson’s  z  =  2.42,  P  =  0.016) 
less  successful  than  those  within  300-m.  Nests 
within  300  m  of  the  inactive  nest,  but  >300  m 
from  an  active  Accipiter  nest,  did  not  show 
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FIG.  2.  Daily  survival  rates  with  95%  confidence 
intervals  of  Black-chinned  Hummingbird  nests  within  four 
distance  categories  from  active  Accipiter  nests. 


improved  success.  The  DSR  of  nests  within  300  m 
of  an  active  Accipter  nest  was  97.9  ±  0.04%  (46 
nests,  1135  successful  days,  24  days  with  failures), 
while  the  DSR  of  nests  >300  m  was  93.7  ±  0.17% 
(15  nests,  194.5  successful  days,  13  days  with 
failures).  Predicted  fledging  success  for  humming¬ 
bird  nests  in  these  two  distance  categories  was  46 
and  9%,  respectively,  using  a  2-day  laying  period, 
14  days  of  incubation,  and  a  21 -day  nestling  period 
(Baltosser  and  Russell  2000). 


Clustering  of  nests  has  been  reported  for  several 
other  species  of  hummingbirds  (Smith  1969, 
Greeney  et  al.  2006,  Solano-Ugalde  2008).  These 
studies  suggested  that  clustering  was  a  result  of 
limited  nesting  sites  within  appropriate  habitat.  We 
documented  hummingbirds  nesting  near  inactive 
raptor  nests  as  well  as  around  active  nests  and  it  is 
possible  that  Accipiter  and  Archilochus  have  similar, 
although  undocumented,  nesting  site  preferences. 
The  differences  in  success  associated  with  proximity 
to  active  Accipiter  nests  suggest  that  other  factors 
may  affect  spatial  distributions  of  Archilochus  nests. 
These  patterns  in  Black-chinned  Hummingbirds  and 
other  species  deserve  further  attention  to  more 
thoroughly  test  this  phenomenon.  Further  investiga¬ 
tions  of  this  pattern  should  focus  on  additional 
potential  benefits  and  costs  of  mixed-species  and 
conspecific  nesting  aggregations  (Dyrcz  et  al.  1981, 
Gotmark  and  Andersson  1984,  Burger  1985). 
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Use  of  Active  Monk  Parakeet  Nests  by  Common  Pigeons  and 
Response  by  the  Host 

Manuel  Nores1 


ABSTRACT. — Common  Pigeons  (Columba  livia)  and 
their  feral  domestic  relatives  nest  in  a  variety  of  sites,  but 
use  of  nests  of  other  birds  has  not  been  reported.  I 
documented  13  nesting  attempts  by  feral  Common 
Pigeons  in  seven  large  compound  nests  of  Monk 
Parakeets  ( Myiopsitta  monachus)  in  Cordoba,  Argentina; 
at  least  three  attempts  produced  nestling  pigeons.  The 
parakeets  did  not  directly  attack  the  pigeons,  but  either 
made  an  entrance  tunnel  or  completely  blocked  the 
chamber  entrances  with  thorny  sticks  where  pigeons 
nested,  eliminating  access  to  chambers  and  causing  the 
pigeons  to  abandon  their  nests.  Received  11  December 
2008.  Accepted  30  April  2009. 


Feral  Common  Pigeons  ( Columba  livia )  were 
introduced  into  Argentina  by  early  colonists  and 
are  now  residents  throughout  the  country.  Breed¬ 
ing  colonies  occur  mostly  in  cities  and  towns. 
Nest  sites  of  Common  Pigeons  throughout  the 
world  include  buildings  (holes,  windows,  gutters, 


'Centro  de  Zoologia  Aplicada/CONICET,  C.  C.  122, 
5000  Cordoba,  Argentina;  e-mail:  mnores@com.uncor.edu 


roofs,  chimneys,  air  conditioners,  water  tanks, 
pots,  external  ledges,  etc.)  (Goodwin  1983, 
Baptista  et  al.  1997);  tree  holes  (Barclay-Smith 
1964,  Peterson  1986);  caves  (Murton  and  Clarke 
1968),  and  fissures  and  small  cavities  in  cliffs 
(Murton  and  Clarke  1968);  and  underground  sites 
in  abandoned  mines  (Hendricks  1997).  Nesting  in 
nests  of  other  birds  has  not  been  documented. 

The  Monk  Parakeet  (Myiopsitta  monachus )  is  a 
neotropical  parrot  that  builds  large,  conspicuous 
compound  nests,  which  are  usually  occupied 
throughout  the  year  (Forshaw  1978).  The  nesting 
structure  contains  several  adjoining  nests  with 
separate  chambers  which  are  generally  oriented 
down  and  have  an  entrance  tunnel.  A  few  nests 
also  have  lateral  chambers  without  entrance 
tunnels.  Other  bird  species  reported  nesting  in 
Monk  Parakeet  nest  chambers  include  Speckled 
Teal  ( Anas  flavirostris )  (Dabbenne  1918,  Port  and 
McKinney  2001);  tree  ducks  ( Dendrocygna  spp.) 
(Friedman  1927);  Spot- winged  Falconet  ( Spiziap - 
teryx  circumcincta)  (Martella  and  Bucher  1984); 
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TABLE  1. 

Nests  of  Common  Pigeons  in  compound  nests  of  Monk  Parakeets  at  the  Cordoba  Zoo,  central  Argentina. 

FP  nest 

MP  nest  Outcome 

Response  of  parakeets 

Comments 

i 

l 

Successful 

Abandoned  nest 

Only  case  where  parrots  abandoned  the  nest 

2 

2 

Abandoned 

Blocked  entrance 

3 

1 

Unknown 

None 

4 

1 

Successful 

None 

5 

3 

Abandoned 

Enlarged  and  narrowed  entrance  tunnel 

6 

4 

Unknown 

Added  thorny  sticks 

7 

5 

Abandoned 

Made  two  entrance  tunnels 

8 

7 

Unknown 

None 

Storm  blew  the  nest  down  on  18  March  2008 

9 

8 

Abandoned 

Made  an  entrance  tunnel 

10 

1 

Successful 

None 

11 

1 

Abandoned 

None 

Storm  blew  the  nest  down  on  23  August  2008 

12 

5 

Unknown 

None 

13 

1 

Abandoned 

None 

Storm  blew  the  nest  down  on  23  August  2008 

American  Kestrel  ( Falco  sparverius)  (De  Lucca 
1984);  and  Guira  Cuckoo  ( Guira  guira),  White 
Monjita  (Xolmis  irupero).  Screaming  Cowbird 
( Molothrus  rufoaxillaris),  and  Baywing  ( Age - 
laioides  badius )  (Martella  et  al.  1985). 

METHODS 

The  study  was  conducted  from  17  October  2007 
to  19  August  2008  of  a  wild  population  of  Monk 
Parakeets  at  the  Cordoba  Zoo  in  central  Argentina 
where  I  found  feral  Common  Pigeons  using  nests 
of  Monk  Parakeets.  The  parrot  colony  consisted  of 
12  active  nests  in  a  group  of  Eucalyptus  trees, 
between  15  and  20  m  above  ground.  Eight  nests 
(MP1-MP8)  were  in  two  trees.  MP1  was  the 
largest  nest  and  had  eight  chambers.  The  remain¬ 
ing  nests  were  comparatively  small  and  had  only 
1-3  chambers.  It  was  not  possible  to  examine  the 
interior  of  the  chambers  because  of  the  height  of  the 
Monk  Parakeet  nests.  Thus,  all  observations  were 
made  with  10  X  50  binoculars.  The  nests  had  a 
number  of  lower  chambers  with  entrance  tunnels, 
and  an  exceptionally  high  number  (11)  of  lateral 
chambers  without  entrance  tunnels.  I  generally 
visited  the  colony  daily  or  every  other  day. 

OBSERVATIONS 

I  found  13  feral  pigeon  nests  (FP1-FP13) 
during  1 7  October  2007  to  8  August  2008  inside 
seven  different  Monk  Parakeet  nests  —15-20  m 
above  ground  grouped  in  two  Eucalyptus  trees  at 
the  Cordoba  Zoo  in  central  Argentina;  at  least 
three  pigeon  nests  produced  nestlings  (Table  1). 
The  pigeon  nests,  in.  most  cases,  were  in  lateral 
chambers  that  had  no  entrance  tunnel.  In  the  only 
case  that  pigeons  nested  in  a  lower  chamber  with 


an  entrance  tunnel,  the  tunnel  was  short  and  wide. 
There  were  several  pairs  of  feral  pigeons  pros¬ 
pecting  the  Monk  Parakeet  nests  at  all  times 
during  the  entire  study  period. 

DISCUSSION 

Frequent  use  of  Monk  Parakeet  nests  by  feral 
pigeons  at  the  Cordoba  Zoo  appears  to  result  from 
a  combination  of  factors:  (1)  the  lateral  chambers 
of  Monk  Parakeet  nests  without  entrance  tunnels 
provided  pigeons  with  a  suitable  breeding  place, 
(2)  the  parrot  nests  studied  had  an  exceptional 
high  number  of  lateral  chambers  without  entrance 
tunnels,  (3)  Monk  Parakeets  and  feral  pigeons 
often  inhabit  parks  in  cities  and  towns  providing 
pigeons  many  opportunities  for  using  Monk 
Parakeet  nest  structures,  and  (4)  there  were  few 
buildings  in  the  zoo  with  suitable  sites  for  nesting. 

Other  birds  also  use  nest  chambers  of  Monk 
Parakeets  for  nesting,  and  responses  of  Monk 
Parkeets  differ,  depending  upon  the  intruder. 
Martella  and  Bucher  (1984)  documented  that 
Monk  Parakeets  abandoned  all  nests  (15)  usurped 
by  Spot-winged  Falconets;  this  behavior  is 
reasonable  because  this  falcon  preys  on  birds.  I 
observed  Monk  Parakeets  to  abandon  their  nests 
after  pigeons  became  established  on  only  one 
occasion.  Port  and  McKinney  (2001)  reported  that 
Monk  Parakeets  vigorously  defended  their  nests 
against  Speckled  Teal  and  actively  chased  teal 
from  cavities  they  occupied.  Aggressive  behavior 
of  Monk  Parakeets  was  also  observed  towards 
Guira  Cuckoos,  Screaming  Cowbirds,  and  Bay- 
wings  when  these  birds  attempted  to  usurp 
parakeet  nests  (Martella  et  al.  1985). 

I  did  not  observe  any  attacks  of  Monk  Parakeets 
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on  feral  pigeons  and  there  appeared  to  be  a 
harmonious  coexistence  between  parrots  and 
pigeons,  which  nested  simultaneously.  Two  pairs 
of  pigeons  and  two  pairs  of  Monk  Parakeets 
nested  in  MP1,  which  had  eight  chambers. 
Strategies  used  by  Monk  Parakeets  against  feral 
pigeons  were  unusual.  In  one  case,  parrots 
completely  blocked  the  entrance  of  the  chamber 
with  thorny  sticks  where  the  pigeons  had  been 
breeding  for  1  month.  In  three  other  cases,  parrots 
made  an  entrance  tunnel  in  the  chambers, 
impeding  access  for  pigeons.  In  the  only  case  in 
which  pigeons  nested  in  a  chamber  with  an 
entrance  tunnel,  parrots  made  the  tunnel  longer 
and  narrower.  In  all  cases,  pigeons  abandoned 
their  nests  and  parrots  established  themselves  in 
the  chambers.  The  five  cases  of  obstruction  were 
in  small  nests  with  only  1-3  chambers  where 
competition  was  likely.  Parakeets  did  not  obstruct 
pigeons  in  MP1,  which  had  eight  chambers  and 
five  nesting  attempts  by  pigeons. 

Generally,  there  was  a  period  of  several  days  or 
weeks  between  pigeon  nest  establishment  and 
parrot  responses.  Thus,  some  pigeon  nests  may 
have  had  nestlings  trapped  inside.  Parrots  also 
made  an  entrance  tunnel  after  pigeons  nested  in 
two  of  the  three  chambers  where  pigeons  nested 
successfully.  Only  one  of  the  1 1  chambers  used  by 
pigeons  for  nesting  had  an  entrance  tunnel,  which 
was  short  and  wide.  At  the  end  of  the  study,  six  of 
the  chambers  had  an  entrance  tunnel,  and  one 
chamber  was  blocked  with  thorny  sticks. 

The  Monk  Parakeet  behavior  observed  in  this 
study  has  not  been  previously  reported  (Martella 
1985,  Port  1988,  Martin  1989,  Navarro  1989, 
Aramburu  1991).  This  behavior  has  not  been 
observed  in  other  birds  that  build  communal  nest 
structures  including  Sociable  Weaver  ( Philetairus 
socius)  (Collias  and  Collias  1977,  1978b),  Grey- 
capped  Social  Weaver  ( Pseudonigrita  arnaudi) 
(Payne  1969,  Collias  and  Collias  1980),  White- 
browed  Sparrow-Weaver  ( Plocepasser  mahali ) 
(Collias  and  Collias  1978a),  White-billed  Buffalo 
Weaver  (Bubalornis  albirostris)  (Beaver  1993), 
and  Palmchat  ( Dulus  dominicus)  (Kirman  et  al. 
1996). 
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Seasonal  Patterns  of  Song  Structure  Variation  in  a  Suboscine  Passerine 
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ABSTRACT. — Studies  of  song  and  its  function  in 
suboscine  passerines  are  rare.  We  examined  spatial  and 
temporal  variation  in  song  structure  in  a  wild  population 
of  Olive-sided  Flycatchers  ( Contopus  cooperi)  and 
tested  among  hypotheses  explaining  this  variation. 
Repeatable  variation  in  song  type  was  observed  both 
within  and  among  individuals.  More  than  10%  of 
territorial  males  expressed  atypical  song  types,  i.e., 
permutations  of  sequential  missing  and  repeated 
elements  of  the  typical  adult  song.  Atypical  songs  were 
predominantly  expressed  by  unpaired  males  indepen¬ 
dent  of  habitat  type.  A  small  fraction  of  males  sang 
atypical  song  through  the  middle  of  the  breeding  season, 
but  all  males  sang  only  stereotypical  adult  song  by  the 
end  of  the  season.  These  results  suggest  the  expression 
of  atypical  songs  reflect  protracted  vocal  development 
rather  than  evolution  of  new  song  types,  geographic 
variation  in  song  structure,  or  an  extensive  song 
repertoire  in  Olive-sided  Flycatchers.  Received  17 
November  2008.  Accepted  18  March  2009. 


Suboscines  comprise  —20%  (1,151  species)  of 
the  Order  Passeriformes  (Sibley  and  Monroe 
1990),  but  studies  of  bird  song  and  its  functions 
have  focused  almost  exclusively  on  oscines. 
Suboscines  are  characteristically  incapable  of 
song  learning  (Kroodsma  1984,  but  see  Saranthan 
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et  al.  2007).  Substantial  variation  in  suboscine 
song  structure  exists  and  likely  has  important 
implications  for  evolution  of  suboscine  breeding 
systems.  Some  suboscine  species  exhibit  geo¬ 
graphic  variation  in  song  structure  (Lindell  1998, 
Sedgwick  2001,  Isler  et  al.  2005).  Others  exhibit  a 
repertoire  of  song  types  (Craig  1943,  Kroodsma 
1985,  Smith  and  Smith  1996,  Lein  2007)  and, 
even  in  species  with  a  single  song  type  (e.g., 
Vermillion  Flycatcher,  Pyrocephalus  rubinus), 
males  can  vary  the  length  of  a  single  structural 
component  resulting  in  ‘long’  or  ‘short’  songs 
(Rios-Chelen  and  Garcia  2007).  Males  express 
different  song  types  when  associating  with  a 
female  or  interacting  with  competing  neighboring 
males.  Thus,  as  in  oscine  passerines,  different 
aspects  of  song  expression  should  vary  in 
importance  throughout  the  breeding  season  (Smith 
and  Smith  1996,  Rios-Chelen  and  Garcia  2007, 
Sexton  et  al.  2007).  However,  a  paucity  of  studies 
examining  variation  in  structure  of  suboscine  song 
remains  a  barrier  to  a  clearer  understanding  of  the 
frequency  and  extent  of  variation  in  song  among 
suboscine  species. 

We  investigated  variation  in  song  structure  in 
the  Olive-sided  Flycatcher  ( Contopus  cooperi ) 
because  reports  of  ‘alternate  song  types’  (Wright 
1997  in  Altman  and  Sallabanks  2000)  suggest  the 
existence  of  substantial  extant  variation,  but  the 
underlying  source  of  this  variation  remains 
unclear.  The  Olive-sided  Flycatcher  is  a  migratory 
flycatcher  in  the  family  Tyrannidae  (Sibley  and 
Ahlquist  1990).  The  typical  adult  male  song  is  a 
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Quick!  three  beers! 


0  1  2 
Sec 

FIG.  1.  Sonogram  of  typical  adult  song  of  Olive-sided 
Flycatcher  with  associated  phonetics  (reprinted  with 
permission  from  The  birds  of  North  America). 

loud  three-note  whistle  popularly  translated  as 
“quick,  three  beers!”  (Fig.  1),  which  can  be 
detected  from  distances  as  great  as  500  m  (Brandy 

2001) .  The  first  note  is  shorter,  softer,  and  lower 
in  pitch  than  the  other  two,  which  are  strongly 
accented  and  drawn  out  (Altman  and  Sallabanks 
2000).  Variation  in  song  structure  in  Olive-sided 
Flycatchers  may  reflect  the  expression  of  alterna¬ 
tive  song  types  by  individuals  or  differences  in 
song  expression  of  different  individuals  or 
populations,  and  it  may  also  arise  from  the 
existence  of  song  fragments  that  are  ephemeral 
precursors  in  the  development  of  a  stereotypical 
adult  song  type.  Male  suboscines  commonly 
produce  a  typical  adult  song  by  onset  of  their 
first  breeding  season  (Kroodsma  1984,  1985; 
Kroodsma  and  Konishi  1991;  Trainer  et  al. 

2002) ,  but  a  longer  developmental  period  is 
possible  and  we  considered  a  protracted  vocal 
ontogeny  as  another  potential  explanation  for 
variation  in  song  structure.  Our  objective  was  to 
test  among  these  alternative  hypotheses  by 
providing  a  detailed  description  of  the  extent  of 
song  variation  within  and  among  different  indi¬ 
vidual  Olive-sided  Flycatcher  populations,  and 
how  the  song  structure  of  individuals  changed 
throughout  the  breeding  season. 

METHODS 

This  study  was  conducted  in  2002  within  two 
sites:  a  recently  burned  forest  within  the  29,000- 


ha  Moose  Fire  which  burned  in  the  Flathead 
National  Forest  in  2001  (48°  32'  43"  N,  114°  33' 
41"  W)  and  an  unburned  forest  on  Plum  Creek 
Timber  Company  lands  and  selectively  harvested 
in  1999-2001  (48°  37'  20"  N,  114°  8'  37"  W). 
Sites  were  separated  by  32  km  and  a  branch  of  the 
Flathead  Mountain  range.  We  surveyed  for  male 
flycatchers  from  mid-May  (before  arrival  of  any 
male)  through  early  August  and  characterized 
individual  male  vocalizations  during  three  12-day 
sampling  sessions:  (1)  post-arrival  (21  May-2 
Jun),  (2)  mid-breeding  season  (23  Jun-4  Jul)  and 
(3)  late-breeding  (25  Jul-5  Aug).  We  located 
nesting  attempts  within  the  study  area  (Robertson 
and  Hutto  2007)  and  mapped  territories  of 
individual  males  by  spot-mapping  vocalizing 
and  counter-vocalizing  territorial  males  (Ralph 
et  al.  1993).  Territory  locations  and  estimated 
sizes  were  based  on  a  minimum  of  23  locations  of 
an  individual  singing,  counter-singing,  or  having 
other  aggressive  interactions  with  other  territorial 
males  and  were  marked  on  a  high-resolution  aerial 
photo  of  the  study  area  (1:700).  Individual  nests 
and  conspicuous  landmarks  throughout  the  study 
area  were  located  using  handheld  Global  Posi¬ 
tioning  System  units  and  placed  on  georectified 
handheld  maps  to  improve  the  accuracy  of 
mapped  locations  of  males.  Flycatcher  territories 
were  large  (>20  ha)  at  both  sites  and  separated  by 
at  least  100  m  (B.  A.  Robertson,  unpubl.  data). 
Territories  were  considered  occupied  if  a  male 
was  detected  singing  over  three  consecutive  days 
during  the  arrival  period,  attending  an  incubating 
female,  and/or  feeding  young  or  observed  defend¬ 
ing  the  area  over  at  least  five  consecutive  visits 
during  the  breeding  season  (Robertson  and  Hutto 
2007). 

Each  territory  was  visited  twice  during  each  of 
the  three  sampling  periods  prior  to  1100  hrs  MDT. 
We  approached  focal  males  detected  at  their  first 
audible  vocalization  to  within  50  m.  well  within 
the  effective  detection  distance  for  this  species 
(300  m,  Brandy  2001),  and  documented  song  type 
by  ear,  recording  the  order  and  number  of  each 
song  syllable  (quick,  three,  beers)  for  a  minimum 
of  5  min  of  continuous  song.  We  kept  males 
constantly  in  sight  during  all  observations. 
Sampling  by  ear  may  limit  our  ability  to  detect 
subtle  differences  in  tone  or  volume,  but  the 
highly  discernable  nature  of  each  syllable,  along 
with  the  simple  and  highly  repeatable  structure  of 
each  song,  enabled  us  to  easily  differentiate 
among  distinct  song  types.  We  characterized 
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males  singing  atypical  songs  as  those  that  were 
repeatedly  missing  one  of  the  three  syllables 
characteristic  of  adult  song  (quick,  three  beers!)  or 
those  in  which  syllables  were  repeated  in 
sequence  (e.g.,  “quick,  three!”,  “three  beers!”, 
“quick,  three  beer-beers!”,  “quick,  quick,  three 
beers!”  or  “beers!”).  Vocalization  of  the  lone 
syllable  “quick”  is  commonly  used  as  an  alarm 
call  (Altman  and  Sallabanks  2000),  and  this 
syllable  was  not  considered  a  song  fragment. 
We  considered  a  male  to  be  expressing  an 
alternative  song  only  if  he  consistently  sang  a 
minimum  of  10  sequential  repetitions  of  a  single 
atypical  song  type  during  both  of  our  visits  during 
the  same  sampling  period. 

We  estimated  habitat-specific  pairing  success 
based  on  the  percentage  of  territorial  males  that 
were  observed  in  close  association  with  a  female 
on  at  least  three  separate  visits  or  were  observed 
in  association  with  a  nesting  attempt.  We 
compared  the  frequency  of  males  with  atypical 
song  types  between  habitats  at  the  onset  of 
breeding  using  a  Chi-square  test  of  independence 
and  used  a  =  0.05  as  the  level  of  statistical 
significance. 

RESULTS 

We  identified  66  territorial  males  from  the  two 
habitat  types  (burn:  n  =  31;  harvest:  n  =  35),  of 
which  13.5%  (9  males)  consistently  presented 
atypical  song  types  within  at  least  one  sampling 
session.  Males’  song  types  represented  permuta¬ 
tions  of  sequential  and  repeated  elements  of  the 
typical  adult  song  (“quick,  three!”,  n  =  5;  “quick, 
three,  beer-beers!”,  n  =  1;  “quick,  quick,  three 
beers!”,  n  =  2;  “three  beers!”,  n  =  1)  and 
individuals  were  not  observed  to  sing  more  than 
one  ‘type’  of  atypical  song.  Males  singing  typical 
song  were  not  heard  to  revert  back  to  expressing 
even  a  single  bout  of  atypical  song.  No  males  were 
observed  singing  different  song  types  (atypical  or 
typical)  within  a  sampling  session,  but  seven  of  the 
nine  males  observed  singing  atypical  song  types  at 
the  onset  of  the  breeding  season  had  switched  to 
stereotypical  adult  song  by  the  second  sampling 
session.  The  remaining  two  males  were  also 
singing  only  stereotypical  adult  song  by  the  final 
sampling  session. 

The  frequency  of  males  singing  atypical  song 
types  was  significantly  higher  in  the  burned 
habitat  (burned,  n  .=  7;  harvested,  n  =  2; 
%2i  =3.971,  P  =  0.050).  Overall,  seasonal  pairing 
success  was  71%  (47  of  66),  yet  males  singing 


atypical ,  song  types  during  the  first  sampling 
session  were  less  likely  to  find  a  mate  (Fisher’s 
exact  test,  P  =  0.009);  only  two  of  nine  males 
singing  atypical  songs  were  paired,  both  of  which 
were  in  the  harvested  study  area. 

DISCUSSION 

Repeatable  variation  in  song  type  was  observed 
among  individuals  with  >10%  of  the  population 
expressing  atypical  song  types,  and  within 
individuals,  despite  a  consistent  preference  for 
an  atypical  song  type  by  some  individuals  well 
into  the  breeding  season.  All  males  sang  stereo¬ 
typical  adult  songs  by  the  end  of  the  season.  That 
atypical  songs  were  predominantly  expressed  by 
unpaired  males,  and  that  all  males  sang  the  same 
song  type  by  the  end  of  the  season  suggests  the 
expression  of  atypical  songs  may  reflect  protract¬ 
ed  vocal  development,  rather  than  evolution  of 
new  song  types,  geographic  variation  in  song 
structure,  or  an  extensive  song  repertoire  in  Olive¬ 
sided  Flycatchers.  Previous  research  on  subos- 
cines  has  demonstrated  that  atypical  song  types 
are  not  uncommon  at  the  onset  of  the  breeding 
season  (Craig  1943).  Assuming  oscines  and 
suboscines  experience  similar  processes  of  song 
crystallization  (e.g.,  Kroodsma  1984,  1985; 
Kroodsma  and  Konishi  1991),  occasional  atypical 
vocalizations  likely  result  from  variation  in  the 
timing  of  the  crystallization  of  adult  song.  Our 
results  illustrate  an  unusually  delayed  progress  in 
song  crystallization  compared  to  previous  studies 
in  the  wild  (e.g.,  Craig  1943)  with  some  males 
singing  atypical  song  types  into  the  latter  half  of 
the  breeding  season. 

Our  results  support  protracted  vocal  ontogeny 
as  the  most  parsimonious  explanation  for  varia¬ 
tion  in  song  structure  in  these  populations,  but  we 
did  not  directly  assign  age  or  mark  individual 
birds  which  may  limit  our  ability  to  exclude 
alternative  explanations.  There  is  good  reason  to 
believe  individuals  expressing  atypical  songs  are 
likely  younger  and/or  subordinate  individuals. 
First,  atypical  song  types  were  most  commonly 
expressed  in  burned  habitats.  Olive-sided  Fly¬ 
catchers  prefer  selectively  harvested  forests,  and 
younger  and/or  subordinate  birds  are  generally 
relegated  to  burned  forests  (Robertson  and  Hutto 
2007).  Second,  pairing  success  was  significantly 
lower  among  individuals  with  alternative  songs, 
as  is  common  among  younger  and/or  subordinate 
passerines  (reviewed  by  Saether  1990).  The 
generally  low  pairing  success  in  this  system  may 
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reflect  slow  colonization  of  burned  forests  for 
which  creation  is  a  generally  rare  and  unpredict¬ 
able  event.  Last,  no  males  were  found  expressing 
alternative  songs  anywhere  in  the  study  area  at  the 
end  of  the  breeding  season  which  suggests  that 
yearlings  eventually  developed  stereotypical 
songs  or  that  subordinate  individuals  were  dis¬ 
placed  by  dominant  individuals  expressing  ste¬ 
reotypical  songs. 

Our  results  illustrate  that  many  individuals  lack 
either  the  ability  or  motivation  to  produce  all  three 
syllables  of  the  adult  song  at  the  beginning  of  the 
breeding  season,  which  could  have  significant 
fitness  consequences  due  to  reduced  pairing 
success.  The  coarse  structural  differences  we 
observed  may  be  accompanied  by  more  subtle 
differences  in  song  structure  among  or  within 
individual  males  and  among  geographically  more 
distant  areas.  An  improved  library  of  information 
on  variation  in  suboscine  song  structure  and 
ontogeny  in  the  wild  is  essential  if  we  are  to 
develop  a  more  synthetic  understanding  of  the 
mechanisms  governing  vocal  development  and 
the  function  of  song  in  this  poorly  understood 
avian  clade. 
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Paired  Male  Song  Sparrows  Sing  More  When  Their  Mate  is  Incubating 

Jennifer  R.  Foote1,3  4  and  Colleen  A.  Barber1 2 3 4 


ABSTRACT. — The  fertility  announcement  hypothe¬ 
sis  proposes  that  avian  males  should  sing  at  a  high  rate 
when  their  mate  is  fertile  to  guard  their  paternity.  We 
examined  if  male  Song  Sparrows  ( Melospiza  melodia ) 
sing  more  during  the  incubation  period  when  they  are 
free  of  constraints  of  physical  mate  guarding.  We 
assessed  song  rates  of  eight  males  for  1  hr-periods  every 
1-2  days  during  each  breeding  stage  over  two  consec¬ 
utive  broods  within  one  season.  Males  sang  significant¬ 
ly  more  during  periods  when  their  mate  was  incubating 
than  during  the  pre-fertile,  or  fertile  periods,  or  while 
feeding  young  (second  brood).  Males  may  be  singing  at 
high  rates  during  incubation  to  maintain  contact  with 
their  mate  and/or  to  advertise  for  extra-pair  copulations. 
Received  18  October  2008.  Accepted  12  April  2009. 


Song  has  two  main  functions,  territory  defense 
and  mate  attraction  (Catchpole  and  Slater  1995). 
Song  rate  typically  decreases  after  pairing  (Catch- 
pole  and  Slater  1995),  but  males  of  many  species 
continue  to  sing  throughout  the  breeding  season 
and  some  show  peaks  in  song  rate  at  particular 
breeding  stages,  such  as  when  females  are  fertile 
or  incubating  (Mpller  1991). 

The  fertility  announcement  hypothesis  predicts 
that  males  should  increase  their  song  rate  when 
their  mate  is  fertile  to  protect  their  paternity 
(Mpller  1991).  Song  Sparrows  ( Melospiza  melo¬ 
dia)  are  socially  monogamous  passerines  and 
extra-pair  young  have  been  documented  in  several 
populations  (Hill  1999,  O’Connor  2003,  Major 
and  Barber  2004);  males,  therefore,  likely  use 
some  form  of  paternity  guard.  A  recent  study  of 
song  rates  in  Song  Sparrows  did  not  find  support 
for  the  fertility  announcement  hypothesis  (Turner 
and  Barber  2004).  Song  rates  were  not  higher 
during  either  the  nest-building  or  egg-laying 
(fertile)  stages  compared  to  other  stages.  Thus, 
Song  Sparrows  do  not  appear  to  use  high  song 
rates  as  a  strategy  to  protect  their  paternity,  but 
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likely  use  physical  mate  guarding  instead.  In 
several  species,  song  rates  are  higher  during 
female  incubation  than  during  the  fertile  period 
(Hanski  and  Laurila  1993,  Nemeth  1996,  Rodri¬ 
gues  1996,  Gil  et  al.  1999).  Mpller  (1991) 
included  Song  Sparrows  in  his  review,  based  on 
Nice’s  work  (1943),  as  having  a  peak  in  song 
activity  during  female  nest  building  which  was 
considered  part  of  the  fertile  period.  Nice  (1943) 
did  not  use  statistical  analysis,  but  found  the 
typical  range  of  songs  was  actually  greater  during 
incubation  than  during  egg-laying  or  nest-build¬ 
ing.  Nice  (1937:  126)  when  describing  male  Song 
Sparrow  song,  stated  that  during  incubation  “his 
superfluous  energies  find  expression  in  a  consid¬ 
erable  amount  of  singing”.  We  studied  male  song 
rates  of  Song  Sparrows  over  two  consecutive 
broods  to  examine  if  males  sing  more  during  the 
incubation  stage  on  the  basis  of  Nice’s  early 
(1937,  1943)  work  and  our  observations. 

METHODS 

We  studied  a  population  of  Song  Sparrows 
from  April  through  July  2003  at  Bowlin’s 
Miniature  Horse  Farm  in  Sackville,  Nova  Scotia 
(44°  45'  N,  63°  41'  W)  which  consisted  of  fields 
divided  by  areas  of  mixed  forest  and/or  brush. 
Two  to  three  people  conducted  three  separate  1-hr 
observation  sessions  daily  of  eight  different 
breeding  males,  each  commencing  1,  2,  and 
3  hrs  after  sunrise.  Song  Sparrow  activity  (in¬ 
cluding  singing,  nest-building,  and  feeding  young) 
appears  relatively  constant  until  mid-morning 
(JRF,  pers.  obs.),  and  song  activity  in  particular 
remains  high  throughout  the  morning.  Observa¬ 
tion  sessions  of  several  males  could  be  done 
simultaneously  where  territories  were  small  and, 
weather  permitting,  each  male  was  recorded  every 
day.  We  did  not  record  song  rate  during  periods  of 
rain  or  extreme  wind  that  may  have  caused  us  to 
underestimate  singing.  Sunrise  times  for  each  day 
were  obtained  from  the  National  Research  Coun¬ 
cil,  Herzberg  Institute  of  Astrophysics  sunrise/ 
sunset  calculator.  We  banded  all  males  and 
females  with  a  numbered  Canadian  Wildlife 
Service  (CWS)  band  and  a  unique  combination 
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of  three  color  bands  on  their  tarsi,  and  identified 
males  during  each  song  rate  session. 

We  counted  the  number  of  songs  sung  by  focal 
males  during  every  1-hr  observation  session.  We 
divided  the  breeding  stages  for  song  rate  quanti¬ 
fication  into  eight  periods:  unpaired,  paired  pre- 
fertile,  fertile-first  brood,  incubation-first  brood, 
feeding  of  young-first  brood,  fertile-second  brood, 
incubation-second  brood,  and  feeding  of  young- 
second  brood.  Only  females  incubate,  but  both 
males  and  females  feed  the  young  (Nice  1937, 
Nordlund  and  Barber  2005).  Data  for  all  eight 
stages  were  available  for  eight  males  for  a  total  of 
396  hrs  of  observation  (mean  ±  SE:  49.5  ± 
1.1  hrs/male;  observation  sessions  in  each  stage 
[hrs/male]:  unpaired  =  2.4  ±  0.2;  pre-fertile  = 
4.6  ±  0.3;  fertile-first  brood  =  8.0  ±  0.5; 
incubation-first  brood  =  8.8  ±  0.4;  feeding-first 
brood  =  4.8  ±  0.3;  fertile-second  brood  =  5.2  ± 
0.3;  incubation-second  brood  =  8.8  ±  0.1;  and 
feeding  young-second  brood  =  6.4  ±  0.3). 

We  located  all  nests  to  be  certain  of  nesting 
stage.  We  defined  the  fertile  period  as  8  days 
prior  to  egg  laying  through  laying  of  the 
penultimate  egg  based  on  data  obtained  from 
other  passerines  (Birkhead  and  Mpller  1992).  We 
were  unsure  whether  the  penultimate  egg  had 
been  laid  at  the  time  of  observation,  and  song 
rates  from  that  day  were  omitted  from  the 
analyses.  Most  nests  were  located  before  laying 
occurred,  but  when  they  were  found  during  egg- 
laying  and  incubation,  nests  were  backdated  based 
on  Nice’s  (1937)  data  of  one  egg  laid  per  day  and 
a  12-day  incubation  period,  which  corresponds 
well  with  dates  in  our  population  (Turner  and 
Barber  2004).  We  did  not  examine  nest-building 
and  egg-laying  separately  as  females  are  often 
secretive  when  building  nests;  this  behavior 
frequently  cannot  be  observed,  particularly  for 
the  second  brood  when  vegetation  is  dense.  There 
is  also  variation  in  when  females  build  their  nests 
as  some  build  a  nest  during  both  the  pre-fertile 
and  fertile  periods,  some  build  in  only  the  pre- 
fertile  period,  while  others  build  only  in  the  fertile 
period  (JRF,  pers.  obs.). 

Every  male  was  observed  during  each  of  the 
three  time  periods  during  each  breeding  stage, 
when  possible,  to  avoid  time  of  day  effects.  Song 
rates  of  males  obtained  1,  2,  and  3  hrs  after 
sunrise  did  not  differ  within  stages  (ANOVA:  pre- 
fertile:  F  =  0.066;  df  =  2,  28;  P  =  0.94;  Kruskal- 
Wallis:  fertile:  W  =  4.1;  df  =  2,  101;  P  =  0.13; 
ANOVA:  incubation:  F  =  1.24;  df  =  2,  132;  P  = 


0.29;  and  Kruskal-Wallis:  feeding  young:  W  = 
3.64;  df  =  2,  91;  P  =  0.16). 

We  calculated  the  median  song  rate  per  minute 
for  each  male  for  each  breeding  stage  (sample 
sizes  for  some  males  within  some  stages  were 
small  and  we  used  medians  for  a  conservative 
measurement  of  song  rates).  We  used  a  Kolmo- 
gorov-Smirnov  test  to  test  for  normality  of  these 
data.  All  data  did  not  deviate  significantly  from 
normality  for  each  breeding  stage.  We  used  a 
repeated  measures  one-way  ANOVA  with  a 
Bonferroni  post-hoc  test  to  compare  unpaired 
song  rate  to  song  rates  in  all  post-pairing  breeding 
stages.  We  used  a  repeated  measures  one-way 
ANOVA  to  compare  among  all  post-pairing 
breeding  stages  and  a  Tukey  post-hoc  test  to 
identify  where  significant  differences  occurred. 
Mean  ±  SE  are  given.  Results  were  considered 
significant  when  the  /’-value  £  0.05. 

RESULTS 

Males  sang  significantly  more  during  1-hr 
observation  sessions  when  unpaired  (3.1  ±  0.3 
songs/min)  than  in  any  of  the  post-pairing 
breeding  stages  (ANOVA:  F  =  29.14;  df  =  7, 
56;  P  <  0.0001)  (Fig.  1).  Males  also  sang 
significantly  more  in  the  first  and  second 
incubation  periods  than  in  any  of  the  pre-fertile 
(post-pairing),  fertile  (first  and  second  broods),  or 
feeding  young  (second  brood)  periods  (ANOVA: 
F  =  6.71;  df  =  6,  49;  P  <  0.0001)  (Fig.  1).  Song 
rates  in  the  period  of  feeding  young  (first  brood) 
did  not  differ  from  those  in  any  of  the  other  six 
post-pairing  stages. 

DISCUSSION 

Male  Song  Sparrows  sang  at  their  highest  rate 
prior  to  acquiring  a  mate,  as  reported  by  Turner 
and  Barber  (2004).  This  result  has  been  observed 
in  many  other  species  (e.g.,  Hanski  and  Laurila 
1993,  Merila  and  Sorjonen  1994,  Nemeth  1996). 
Males  continued  to  sing  throughout  the  breeding 
season,  but  significantly  less  so  than  prior  to 
pairing. 

Males  increased  their  song  rate  significantly 
once  the  female  began  incubation.  Higher  song 
rates  during  incubation  have  also  been  reported 
for  Common  Chaffinch  ( Fringilla  coelebs) 
(Hanski  and  Laurila  1993),  Common  Reed 
Bunting  ( Emberiza  schoeniclus )  (Nemeth  1996), 
Common  Chiffchaff  (Phylloscopus  collybita )  (Ro¬ 
drigues  1996),  and  Willow  Warbler  (P.  trochilus ) 
(Gil  et  al.  1999).  Male  Song  Sparrows  may  sing  at 
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FIG.  1.  Song  rate/min  (x  ±  SE)  during  each  breeding 
stage  (P  =  pre-fertile,  but  paired;  F  =  fertile;  I  = 
incubation;  Y  =  feeding  young;  1  =  first  brood;  2  = 
second  brood)  for  1-hr  observation  periods.  Different  letters 
indicate  significant  differences  among  stages,  the  same 
letter  indicates  no  significant  difference  among  stages,  and 
no  letter  means  there  were  no  significant  differences 
between  that  stage  and  any  other  stage  (n  =  8  males). 

a  high  rate  during  incubation  to  stimulate  the 
female  to  continue  incubating  or  to  maintain  the 
pair  bond.  Another  possible  function  for  incubation 
song  is  as  an  all-clear  signal  where  a  male  lets  his 
mate  know  that  he  is  close  by  and  that  no  predators 
are  near  (Johnson  and  Kermott  1991).  Song 
Sparrow  nests  are  often  well  concealed  on  the 
ground  by  surrounding  vegetation  (Rising  1996), 
and  the  male  and  female  cannot  maintain  visual 
contact  during  incubation.  Several  studies  support 
the  all-clear  function  of  incubation  song.  Female 
House  Wrens  ( Troglodytes  aedon)  often  leave  the 
nest  soon  after  their  mate  sings  nearby  and,  when 
males  are  temporarily  removed,  females  spend 
more  time  on  the  nest  (Ziolkowski  et  al.  1997). 
Female  Common  Reed  Buntings  are  more  likely  to 
exit  the  nest  when  males  are  singing,  and  females 
stay  off  their  nest  longer  when  their  mate  is  singing 
(Wingelmaier  et  al.  2007). 

Alternatively,  males  may  be  singing  during 
incubation  to  attract  extra-pair  mates  and  to  obtain 
paternity  in  their  next  brood.  An  incubating 
female  in  multi-brooded  species  can  assess  the 
condition  of  her  mate  as  well  as  that  of 
surrounding  males  and  use  this  information  in 
her  choice  of  genetic  mate  for  the  subsequent 
brood.  Song  Sparrows  often  attempt  a  third  brood 
and  may  remain  paired  in  subsequent  breeding 
seasons  (CAB,  unpubl.  data),  and  high  song  rates 
during  the  second  incubation  period  could  be 
important.  Paired  males  which  fail  to  sing  at 
higher  rates  during  incubation  could  risk  losing 


either  their  paternity  to  a  neighbor  or  their  mate  to 
an  unpaired  male  (Nemeth  1996).  Older  male 
Common  Reed  Buntings  spend  more  time  singing 
and  also  sire  more  extra-pair  young  than  younger 
males  (Bouwman  et  al.  2005). 

Males  sang  infrequently  during  their  mate’s 
fertile  period  suggesting  they  are  likely  to  be 
physically  guarding  their  mate;  our  field  observa¬ 
tions  confirm  that  males  maintain  close  contact 
with  the  female  during  the  fertile  period  (JRF,  pers. 
obs.).  However,  observations  of  pair  behavior  are 
necessary  to  confirm  this  conclusion.  Data  on  mate 
guarding  are  difficult  to  obtain  for  Song  Sparrows 
as  they  spend  much  of  their  time  together  on  the 
ground  in  dense  vegetation  (JRF,  pers.  obs.). 

We  found  no  support  for  Mpller’s  (1991) 
fertility  announcement  hypothesis,  which  is  similar 
to  findings  of  Turner  and  Barber  (2004).  We 
detected  significant  differences  in  song  rate  among 
certain  breeding  stages  whereas  Turner  and  Barber 
(2004)  did  not.  However,  our  study  differs  from 
that  of  Turner  and  Barber  (2004)  in  that  we:  (1) 
defined  the  breeding  stages  differently,  (2)  includ¬ 
ed  the  pre-fertile  period,  and  (3)  observed  for  a 
longer  period  of  time  during  each  session.  The 
different  results  between  the  two  studies  could  also 
be  due  to  annual  variation  in  singing  behavior  in 
the  population  due  to  differences  in  climatic  factors 
or  breeding  synchrony. 

The  prevalence  of  incubation  song  among  avian 
species  needs  further  investigation  to  understand 
its  function.  Studies  of  species  in  which  males 
sing  at  the  highest  rates  during  incubation  would 
be  useful  to  learn  if  they  are  multi-brooded  ground 
nesters.  It  would  also  be  valuable  to  know  if  these 
males  have  more  paternity  in  their  subsequent 
brood  and  in  the  broods  of  other  females  than 
males  which  sing  at  lower  rates  during  this  time. 
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ABSTRACT. — We  studied  the  breeding  biology  of 
Grasshopper  Sparrows  (Ammodramus  savannarum)  on 
restored  grasslands  in  Maryland  from  1999  to  present. 
We  report  the  first  documented  cases  of  social  polygyny 
in  this  species.  Polygyny  increased  reproductive  success 


'Chester  River  Field  Research  Center,  P.  O.  Box  421, 
Chestertown,  MD  21620,  USA. 

2  Eastern  Shore  Land  Conservancy,  601  Locust  Street, 
Suite  302,  Cambridge,  MD  21613,  USA. 

3 14621  Nebraska  Avenue,  Tampa,  FL  33613,  USA. 

“Department  of  Biology,  University  of  Maryland, 
College  Park,  MD  20742,  USA. 

5  Corresponding  author;  e-mail : 
Daniel_M_Small@yahoo.com 


for  males  in  two  of  four  cases,  but  its  rarity  suggests  it  is 
only  a  facultative  behavior  for  this  usually  socially 
monogamous  species  Received  31  January  2009. 
Accepted  3  June  2009. 


Social  polygyny  is  a  mating  system  in  which 
males  pair  bond  with,  frequently  control,  or  gain 
access  to  two  or  more  females  simultaneously  (Gill 
2007).  Seventy-one  species  of  passerine  birds 
(26%)  within  the  United  States  and  Canada  have 
been  reported  to  exhibit  some  form  of  social 
polygyny  (Ford  1996,  Hanley  et  al.  2007),  although 
within  most  of  these  species  polygyny  seems  to  be 
the  exception  rather  than  the  norm.  Ford  (1983)  lists 
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29  species  where  polygyny  is  rare  often  with  only 
one  documented  case,  14  species  with  polygyny 
rates  of  up  to  20%,  and  14  species  with  polygyny 
rates  usually  >20%.  Social  polygyny  requires 
enduring  behavioral  association  of  a  male  with 
two  or  more  females  during  a  breeding  episode. 

The  Grasshopper  Sparrow  ( Ammodramus  sa- 
vannarum )  has  a  wide  distribution  across  much  of 
North  America  and  southern  Canada  (Vickery 
1996),  and  is  common  in  some  mid  western 
prairies.  However,  populations  in  the  east  includ¬ 
ing  Maryland  have  been  declining  (Holmes  1996, 
Sauer  et  al.  2008).  All  previous  literature,  to  our 
knowledge,  asserts  the  Grasshopper  Sparrow  is 
socially  monogamous.  Vickery  (1996)  expected 
occasional  polygyny  by  Grasshopper  Sparrows 
may  occur,  but  none  has  been  reported  until  now. 

METHODS 

We  conducted  demographic  studies  of  grass¬ 
land  birds  with  an  emphasis  on  Grasshopper 
Sparrows  starting  in  1999  on  92.4  ha  of  restored 
mid-Atlantic  grasslands  at  the  Chester  River  Field 
Research  Center  (CRFRC)  in  Queen  Anne’s 
County,  Maryland,  USA  (39°  23'  N,  76°  00' 
W),  an  area  previously  described  by  Gill  et  al. 
(2006).  These  experimental  native  grasslands 
were  enrolled  in  the  U.S.  Department  of  Agricul¬ 
ture’s  Conservation  Practice  2  program  and  were 
established  to  provide  critical  habitat  for  listed 
species  of  special  concern;  they  were  quickly 
colonized  by  several  species  of  grassland  special¬ 
ists  including  the  Grasshopper  Sparrow.  All  adult 
Grasshopper  Sparrows  were  banded  with  a  U.S. 
Geological  Survey  aluminum  band  and  a  unique 
combination  of  colored  plastic  bands.  Nest 
searching  and  territory  mapping  were  conducted 
daily  from  April  through  August.  Parentage  of 
each  nest  was  confirmed  by  flushing  the  female 
off  the  nest  into  a  mist  net  or  by  observing  both 
parents  bringing  food  to  the  nest;  in  many  cases 
parents  were  observed  bringing  food  repeatedly  to 
the  nest  before  assignment  was  given.  Locations 
of  nests  and  adults  were  recorded  on  Garmin 
12XL  global  positioning  systems  (GPS)  in  the 
field  and  mapped  on  a  computer  using  ArcGIS® 
(Environmental  Systems  Research  Institute  Inc. 
2004)  .software.  Territories  were  defined  using 
only  perches  from  which  birds  sang.  Locations  of 
all  other  behaviors  including  chipping,  carrying 
food,  foraging,  perching,  preening,  or  trilling  were 
recorded  with  a  GPS  unit. 


OBSERVATIONS 

We  found  an  average  of  34  (range  9-67) 
Grasshopper  Sparrow  nests  each  year,  a  total  of 
337,  and  monitored  an  average  of  109  territorial 
males  on  the  restored  CRFRC  Grasslands  each 
summer  from  1999  to  2008.  Grasshopper  Spar¬ 
rows  in  this  area  engaged  in  1-3  sequential 
breeding  episodes  from  late  April  to  September 
each  year.  All  but  four  of  337  males  for  which  we 
found  nests  had  only  one  female  and  attended  one 
nest  with  her  in  a  breeding  episode.  Of  the  333 
social  monogamous  nests  we  observed,  the 
territorial  male  was  seen  feeding  at  only  one  nest; 
in  these  cases  there  were  no  observations  of  any 
socially  monogamous  male  feeding  two  nests 
inside  or  outside  his  territory.  Parents  with  food 
were  extremely  conspicuous  when  approaching 
the  nest  area:  if  an  observer  was  near  a  nest  the 
birds  perched  and  chipped  repeatedly  with  food  in 
their  bills.  Once  the  observer  left  the  area,  the 
birds  would  go  to  the  nest  with  food.  We  are 
confident  these  males  were  not  feeding  any 
additional  nests  as  the  feeding  behaviors  of 
parents  are  highly  visible. 

We  report  four  cases  of  social  polygyny  where 
the  males  attended  at  least  two  nests  simulta¬ 
neously  between  2004  and  2008.  Three  cases  (A, 
B,  and  C)  involved  one  male  and  two  females;  in 
the  fourth  case  (D)  a  male  may  have  had  three 
females  nesting  simultaneously,  but  the  third 
female  could  not  be  positively  confirmed  (Ta¬ 
ble  1).  The  four  polygynous  males  ranged  in  age 
from  2  to  >6  years.  The  average  distance  between 
the  polygynous  nests  was  60.6  m;  in  two  cases 
both  nests  were  within  20  m  (cases  A  and  B)  and 
two  (cases  C  and  D)  were  >90  m  apart.  One  of 
two  nests  was  outside  the  boundary  of  the  males’ 
observed  territories  in  cases  A  and  C,  both  nests 
were  inside  the  boundary  in  case  B  and  both  nests 
were  outside  the  boundary  in  case  D.  We 
confirmed  all  cases  of  polygyny  with  observations 
of  the  male  feeding  nestlings  at  both  concurrent 
nests  or,  -in  one  case  (D),  a'  male  aggressively 
defending  one  nest  area  against  other  males  while 
also  feeding  nestlings  at  the  other  nest.  Each  male 
defended  one  territory  prior  to  egg  laying,  during 
nestling  care  and  after  the  nestlings  fledged,  and 
was  not  seen  singing  outside  of  what  we  defined 
as  their  territory  during  this  period.  Male  TBTX 
(abbreviated  color-band  combination)  from  case 
B  was  subsequently  recorded  singing  outside  of 
his  territory  and  male  YRMX  from  case  C 
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TABLE  1.  Characteristics  of  nests  and  territories  held  by  Grasshopper  Sparrows  (GRSP)  involved  in  polygyny  on  the 
CRFRC  grasslands,  Maryland. 

Nests  Territories 


Territory  size 


Case 

Male3 

Year 

Nestb 

Nest  fatec 

In  or  out  of 
territory 

Distance 
apart  (m) 

#  of  territory 
points 

#  of  non¬ 
territory  points1* 

Area  (ha)2 

Perimeter  (m) 

A 

MRTX 

2008 

NF10GS6 

F 

Out 

17.5 

21 

20  (c,f,g,z) 

0.26 

214 

NF10GS7 

D 

In 

B 

TBTX 

2004 

NF4GS15 

F 

In 

19 

42 

12  (c,z) 

0.388 

257 

NF4GS16 

D 

In 

C 

YRMX 

2004 

NF8GS1 

F 

In 

116 

95 

27  (c,g,p,t,z) 

0.719 

344 

NF8GS2 

F 

Out 

D” 

OBKX 

2007 

NF11GS2 

F 

Out 

90 

21 

10  (c,g,z) 

0.282 

240 

NF10GS2 

F 

Out 

a  Abbreviated  color  combination  of  males.  X  is  the  federal  aluminum  band. 
b  N  =  nest,  F#  =  field  #,  GS#  =  GRSP  nest  #. 
c  D  =  Depredation,  F  —  Fledged. 

d  C  =  chipping,  F  =  foraging,  G  =  carrying  food,  Z  =  perched,  P  =  preening,  T=  trill. 
e  The  third  suspected  nest  was  not  included  as  it  could  not  be  positively  confirmed. 


established  a  second  territory,  but  in  both  cases 
this  was  well  after  all  nests  had  fledged. 

In  case  A,  male  MRTX  was  seen  first  singing 
on  5  May,  the  clutch  completion  date  was  26  June 
for  nest  #  1  and  25  June  for  nest  #  2,  and  he  was 
last  observed  singing  on  13  August.  In  case  B, 
male  TBTX  was  first  seen  singing  on  23  April, 
clutch  completion  dates  were  22  June  for  both 
nests  #’s  1  and  2,  and  this  male  was  last  observed 
singing  on  18  August.  In  case  C,  male  YRMX  was 
first  seen  singing  on  19  May,  clutch  completion 
dates  were  15  June  for  nest  #  1  and  19  June  for 
nest  #  2,  and  he  was  last  observed  singing  on  20 
July.  In  case  D,  male  OBKX  was  first  seen 
singing  on  1  May,  clutch  completion  dates  were 
14  June  for  nest  #  1  and  21  June  for  nest  #  2,  and 
he  was  last  seen  singing  on  30  July  (Table  1).  Six 
of  the  nine  nests  fledged  all  nestlings  successfully; 
the  other  three  nests  failed  due  to  depredation. 

We  recorded  as  many  waypoints  as  possible  for 
all  Grasshopper  Sparrows  on  the  CRFRC  grass¬ 
lands,  but  the  number  of  waypoints  per  territory 
varied.  The  frequency  and  intensity  of  singing  by 
males  varied  depending  on  the  stage  of  the 
breeding  episode.  Males  sang  vigorously  upon 
arrival,  during  territory  establishment,  female 
courtship,  nest  building,  egg  laying,  and  the  early 
incubation  period.  Singing  declined  towards  the 
end  of  incubation  and  almost  no  singing  occurred 
during  provisioning  and  fledging  of  the  nestlings. 
Insufficient  territory  waypoints  were  obtained  in 
some  cases  prior  to  provisioning  and  fledging  of 
nestlings.  The  boundaries  of  those  territories  (as 
we  perceived  them)  were  probably  smaller  than 


the  actual  size.  Nests,  in  some  cases,  were  outside 
of  the  depicted  territory  boundaries. 

DISCUSSION 

Our  observations  of  social  polygyny  document 
rare  exceptions  (0.37%)  in  this  normally  socially 
monogamous  species.  They  are  novel  for  the 
species  and  add  Grasshopper  Sparrows  to  the 
growing  list  of  birds  for  which  some  social 
polygyny  is  now  known  (Ford  1983).  Polyterritori¬ 
ality,  the  concurrent  holding  of  two  or  more 
disjunct  territories  (Ford  1996),  has  not  been 
recorded  in  the  CRFRC  population  of  Grasshopper 
Sparrows.  Males  have  defended  two  and  some¬ 
times  three  sequential  territories  in  a  breeding 
season,  but  have  not  held  more  than  one  concur¬ 
rently.  The  observation  that  polygynous  nests  were 
outside  the  circumscribed  boundaries  of  the  males’ 
recorded  territories  may  be'  due,  in  part,  to  an 
inadequate  number  of  territory  waypoints.  Howev¬ 
er,  female  Grasshopper  Sparrows  have  a  strong 
tendency  to  place  their  nests  outside  or  at  the  edge 
of  territory  boundaries  (DMS,  unpubl.  data). 

That  six  of  the  nests  in  these  four  cases  of 
polygyny  were  successful  suggests  that  Grasshop¬ 
per  Sparrows  have  the  capability  of  multiple 
breeding  behaviors.  We  reject  the  “deception 
hypothesis”  (von  Haartman  1951,  1956;  Alatalo 
et  al.  1981;  Hanley  et  al.  2007),  i.e.,  the  mating 
status  of  a  polygynous  male  is  unknown  to  the 
females  mating  with  him.  First,  the  hypothesis 
specifies  the  males  are  polyterritorial,  a  behavior 
we  have  not  observed.  Second,  the  proximity  of 
nests  in  cases  A  and  B  (17.5  and  19  m, 
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respectively)  suggest  that  both  females  knew  they 
were  mated  to  the  same  male.  It  is  possible  the 
females  were  unaware  of  each  other  and  of  the 
polygynous  behavior  of  the  shared  male  at  the 
nests  that  were  >90  m  apart,  even  though  the 
nests  were  not  separated  by  other  male  territories. 
Most  female  Grasshopper  Sparrows  display  little 
aggression  towards  each  other,  even  when  nests 
were  within  5  m  of  each  other. 

A  second  hypothesis  of  alternative  adaptive 
mating  behaviors  is  the  polygyny  threshold  model 
(PTM)  (Orians  1969),  which  suggests  that  females 
should  engage  in  polygynous  mating  only  if  the 
benefit  of  mating  with  an  already  mated  male 
outweighs  the  costs  associated  with  such  a  mating 
(Verner  1964,  Venter  and  Willson  1966,  Hanley 
et  al.  2007).  Orians  (1969)  indicated  the  best 
strategy  for  a  female  is  to  mate  with  a  male  in  the 
best  quality  habitat  and  to  rear  her  young  with  or 
without  his  help,  rather  than  find  an  unmated  male 
with  a  territory  in  poor  quality  habitat.  Our  limited 
observations  are  insufficient  to  fully  evaluate  this 
hypothesis,  but  we  are  disinclined  to  apply  it  to 
our  four  cases.  Conspicuous  variation  in  habitat 
quality  was  generated  by  our  experimental 
management  protocols  (prescribed  burning,  her¬ 
bicide  application,  brush-hogging,  and  disking) 
within  and  between  successive  years.  Thus,  there 
appeared  to  be  ample  areas  of  high  quality  habitat 
for  males  to  establish  territories  and  less  reason 
for  females  to  pair  with  already  mated  males. 
Further,  99.6%  of  the  breeding  Grasshopper 
Sparrows  remained  socially  monogamous.  How¬ 
ever,  if  both  females  at  the  close  nests  (17.5  and 
19  m)  knew  they  were  sharing  the  same  male 
even  though  there  were  unmated  males  holding 
territories  elsewhere  in  the  CRFRC  grasslands, 
these  instances  may  support  the  PTM.  We  have 
yet  to  identify  the  traits  used  in  mate  choice  in 
these  monomorphic  sparrows.  These  four  cases  of 
social  polygyny  may  represent  a  successful 
mating  alternative  to  social  monogamy,  but  more 
likely  are  only  unusual  opportunistic  behaviors. 
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Polygyny  and  Male  Parental  Care  by  Sprague’s  Pipit 

Kimberly  M.  Dohms1'3  and  Stephen  K.  Davis1'2 


ABSTRACT. — Sprague’s  Pipit  (Anthus  spragueii )  is 
a  ground-nesting  passerine  of  the  northern  mixed-grass 
prairie.  Few  studies  have  examined  the  natural  history 
and  demography  of  the  species,  and  little  information 
exists  on  its  mating  system  or  parental  care.  We 
installed  video  monitoring  systems  at  11  randomly 
selected  pipit  nests  to  study  parental  care  and  nestling 
growth.  We  recorded  one  male  providing  parental  care 
to  nestlings  in  two  nests  active  during  the  same  time 
period.  The  male  began  delivering  prey  to  nestlings  and 
removing  fecal  sacs  at  both  nests  on  day  5  of  the 
nestling  period.  The  male  re-nested  with  one  of  his 
original  mates  1 1  days  after  the  nests  failed,  and  began 
providing  parental  care  to  nestlings  from  day  2  until 
fledging.  This  is  the  first  case  of  polygyny  and  male 
parental  care  documented  for  Sprague’s  Pipit.  Future 
studies  should  examine  the  extent  of  polygyny  in 
Sprague’s  Pipit  using  marked  adults  and  genetic 
analyses.  Received  4  December  2008.  Accepted  15  June 
2009. 


Social  monogamy  is  the  predominant  mating 
system  for  the  majority  of  bird  species.  This 
mating  system  is  characterized  by  one  male  and 
one  female  forming  a  pair  bond,  and  raising  a 
brood  together.  Polygyny  is  an  alternative  mating 
system  in  which  one  male  pairs  with  multiple 
females  (Lack  1968).  Polygyny  has  been  docu¬ 
mented  for  71  North  American  passerines  (Ford 
1996),  many  of  which  nest  in  marsh  or  grassland 
habitats  with  high  primary  production  and  abun¬ 
dant  food  resources  (Vemer  and  Willson  1966, 
Ford  1983).  Polygyny  is  the  typical  mating  system 
of  some  grassland  passerines  (Pleszczynska  and 
Hansell  1980;  Wittenberger  1980;  Post  and 
Greenlaw  1982;  Lanyon  1994,  1995;  Temple 
2002),  and  has  been  occasionally  documented 
for  others  (Welsh  1975,  With  1994,  Jones  and 
Comely  2002). 

Sprague’s  Pipit  ( Anthus  spragueii)  is  a  ground¬ 
nesting  passerine  of  the  northern  mixed-grass 
prairie  and  has  been  described  as  one  of  the  least- 
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known  species  in  North  America  (Robbins  and 
Dale  1999).  The  species  is  recognized  globally  as 
Vulnerable  (BirdLife  International  2008),  and  is 
listed  as  threatened  in  Canada  (COSEWIC  2000). 
Sprague’s  Pipit  is  believed  to  be  monogamous  and 
males  are  thought  to  provide  little,  or  no  parental 
care  (Robbins  and  Dale  1999).  However,  like 
many  grassland  passerines,  details  of  the  mating 
system  and  male  parental  care  for  the  species  have 
not  been  well  studied. 

We  used  video  monitoring  to  study  parental 
care  and  nestling  ecology  of  Sprague’s  Pipit. 
Video  monitoring  allows  researchers  to  record 
nests  continually  with  minimal  disturbance  to  the 
birds  (McQuillen  and  Brewer  2000).  Continual 
investigator  disturbance  at  the  nest  can  cause 
reduced  parental  attendance  (Westmoreland  and 
Best  1985),  increase  the  likelihood  of  nest 
abandonment  (Gotmark  1992),  and  increase 
predation  risk  (Westmoreland  and  Best  1985, 
Major  1990,  Verboven  et  al.  2001).  Video 
monitoring  has  been  used  successfully  to  exam¬ 
ine  parental  care  in  passerines  including 
Gray  Catbird  ( Dumetella  carolinensis )  (Hanley 
et  al.  2007)  and  Blue  Tit  ( Cyanistis  caeruleus) 
(Dickens  and  Hartley  2007).  The  objective  of  our 
paper  is  to  report  the  first  documented  case  of 
polygyny  and  male  parental  care  for  Sprague’s 
Pipit. 

METHODS 

We  located  and  monitored  Sprague’s  Pipit  nests 
from  2004  to  2008.  Study  sites  were  -at  the  Last 
Mountain  Lake  National  Wildlife  Area,  and 
Nokomis  and  Wreford  Agriculture  and  Agri-Food 
Canada  community  pastures  at  the  north  end  of 
Last  Mountain  Lake,  Saskatchewan  (51°  20'  N, 
105°  15'  W).  Our  study  area  consisted  of  tracts  of 
native  mixed-grass  pasture,  planted  grasslands 
used  for  hay  and  pasture,  wetlands,  and  cropland 
(Davis  and  Fisher  2009).  We  located  nests  from 
14  May  to  26  August  between  0600  and  1400  hrs 
CST.  Each  pair  of  researchers  dragged  a  weighted 
25  m  polypropylene  rope  with  metal  cans  at¬ 
tached  every  0.5  m  across  the  vegetation  to  flush 
adults  from  nests  (Davis  2003).  We  also  located 
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TABLE  1. 
same  male  in 

Events  in  the  nesting  cycle  for  three  Sprague’s  Pipit  nests  (#’s  9,  38,  and  93)  initiated  and  cared  for  by  the 
2006. 

Nest# 

Female  ID 

Initiation  date 

Hatch  date  Chicks  hatched 

Fate 

9 

unbanded 

20  May 

3  Jun  5 

Failed  12  Jun 

38 

#  383 

30  May 

13  Jun  4 

Failed  22  Jun 

93 

#  383 

2  Jul 

14  Jul  4 

•  1  chick  fledged  25  Jul 

nests  fortuitously  while  conducting  other  activi¬ 
ties. 

We  installed  small  (37  X  86  mm)  color/ 
infrared  video  cameras  (National  Electronics 
Bullet  C/IR  Low  Light  Color  Bullet  Camera, 
Brookvale,  NSW,  AU)  in  2006  at  1 1  randomly 
selected  nests.  Cameras  were  mounted  on  small 
metal  stands  ~30  cm  from  the  nest  entrance. 
Sprague’s  Pipits  returned  to  the  nest  within 
20  min  of  camera  placement  (unpubl.  data)  and 
we  assume  the  cameras  had  little  influence  on 
their  behavior.  Each  camera  was  connected  via 
coaxial  cable  (RG6)  to  a  time-lapse  24-hr 
videocassette  recorder  (VCR,  Sanyo  SRT 
2400DC  or  4040DC,  Concord,  ON),  and  a  12- 
volt  deep  cycle  marine  battery  concealed  beneath 
vented  boxes  at  least  50  m  from  the  nest.  We 
changed  the  videocassette  each  morning  and 
continued  recording,  video  footage  starting  late 
in  incubation  (12-15  days)  or  on  hatch  day  until 
nestlings  fledged  (11-14  days)  (Davis  2009)  or 
the  nest  failed. 

We  captured  incubating  females  by  flushing 
them  into  6-m  mist  nets  placed  near  the  nest 
entrance.  Females  were  banded  with  a  single 
Federal  aluminum  band  and  marked  with  non¬ 
toxic  permanent  marker  (Newell  Rubbermaid 
Sharpie  fine  point,  Sandy  Springs,  GA,  USA) 
on  their  breast  or  flanks  to  facilitate  identifica¬ 
tion.  We  placed  a  pair  of  6-m  mist  nets  in  a  V- 
formation  with  a  wooden  pipit  decoy  inserted 
into  the  ground  1-2  m  from  the  intersection 
point  of  the  mist  nets  to  capture  males.  We 
placed  a  digital  caller  (Western  Rivers  Predation 
MP3  game  caller,  Lexington,  TN,  USA)  next  to 
the  decoy  and  broadcast  a  territorial  male  song. 
Males  were  banded  with  a  Federal  aluminum 
band  and  a  unique  combination  of  color  bands. 
Unique  band  combinations  and  markings  allowed 
us  to  identify  individuals,  but  nest-site  vegetation 
at  times  precluded  us  from  seeing  the  markers 
clearly. 

The  three  nests  we  discuss  in  this  paper  (#’s  9, 


38,  and  93)  were  in  the  same  territory,  cared  for 
by  the  same  male  during  the  2006  breeding 
season,  and  were  recorded  on  video  from  hatch 
day  until  the  nests  failed  (#’s  9  and  38)  or 
nestlings  fledged  (#  93).  We  recorded  the  gender 
of  the  attending  adult,  the  adult’s  behavior  (e.g., 
prey  delivery,  brooding,  and  vigilance),  and  nest 
arrival  and  departure  times  while  reviewing  the 
video  footage.  We  calculated  the  number  of  prey 
deliveries  from  days  1  to  7  of  the  nestling  period 
and  for  each  bird  when  the  gender  of  the  adult 
could  be  identified.  We  limited  our  calculations  to 
this  period  as  nests  #’s  9  and  38  failed  on  day  7  of 
the  nestling  period.  Data  are  presented  as  mean  ± 
SE. 

RESULTS 

Nest  #  9  was  initiated  on  20  May  (Table  1).  We 
captured  and  banded  male  #  380  75  m  from  the 
nest  on  25  May.  We  documented  male  #  380  at 
the  nest  for  the  first  time  on  4  June  from  video 
footage,  delivering  prey  to  5-day  old  nestlings. 
Male  #  380  continued  to  provision  nestlings  and 
remove  fecal  sacs  up  to  and  including  day  7  (12 
Jun)  when  the  nest  failed  due  to  cold  temperatures 
and  heavy  precipitation.  Neither  adult  returned  to 
the  nest  after  nest  failure. 

Nest  #  38  (70  m  from  nest  #  9)  was  initiated 
by  female  #  383  and  male  #  380  on  30 
May  (Table  1).  We  observed  male  #  380  deliv¬ 
ering  prey  to  5-day  old  nestlings  for  the  first 
time  on  17  June.  We  found  three  dead  nestlings 
and  one  live  nestling  in  the  nest  on  21  June. 
Mortality,  was  due  to  cold  temperatures  and  heavy 
precipitation.  Male  #  380  continued  to  provide 
parental  care  up  to  and  including  day  7  until  the 
remaining  nestling  was  depredated  on  22  June. 
Neither  adult  was  seen  attending  the  nest  after  that 
time. 

Female  #  383  (from  nest  #  38)  and  male  #  380 
re-nested  (nest  #  93)  on  2  July  in  male  #  380’s 
territory,  54  m  from  their  previous  nest  (#  9)  and 
58  m  from  the  site  of  nest  #  38.  Male  #  380 


828 


THE  WILSON  JOURNAL  OF  ORNITHOLOGY  •  Vol.  121,  No.  4,  December  2009 


TABLE  2.  Number  of  nestling  prey  deliveries  by  male  #  380  and  mates  for  the  first  7  days  of  the  nestling  period. 

Nest 

Prey  deliveries 

Total  prey  deliveries  by 
identified  adults 

Total  prey  deliveries  observed 

Observation  effort  (hrs) 

Male 

Female 

9 

59 

166 

225 

429 

72 

38 

17 

9 

26 

305 

71 

93 

20 

341 

361 

425 

93 

Totals 

96 

516 

612 

1,159 

236 

provided  parental  care  for  the  first  time  on  15 
July,  delivering  prey  to  2-day  old  nestlings.  We 
documented  male  #  380  delivering  prey  to 
nestlings  up  to  and  including  25  July  when  one 
nestling  fledged  (day  11).  We  observed  both 
adults  attending  the  young  until  the  fledgling  left 
the  camera  view. 

We  documented  male  #  380  providing  prey 
items  and  removing  nestling  fecal  sacs  at  all  three 
nests,  but  did  not  observe  him  brooding  nestlings 
at  any  time.  Parents  provisioned  nestlings  at 
similar  rates  at  nest  #  9  (1.2  provisionings/ 
nestling/hr)  and  nest  #  38  (1.1  provisionings/ 
nestling/hr).  Provisioning  rates  in  the  third 
recorded  nesting  attempt  were  similar  to  nests 
#’s  9  and  38  (1.1  provisionings/nestling/hr) 
(Table  2). 

DISCUSSION 

Our  study  is  the  first  to  document  polygyny  and 
male  parental  care  in  Sprague’s  Pipit.  We  cannot 
presently  ascertain  whether  polygyny  is  the 
typical  mating  system  of  the  species,  but  it  is 
consistent  with  other  studies  that  found  polygyny 
to  be  relatively  common  among  grassland  species 
(Vemer  and  Willson  1966,  Ford  1983).  Further¬ 
more,  between  2004  and  2008,  we  found  1 1 
territories  with  two  or  more  nests  initiated  within 
11  days  of  each  other,  15-60  m  apart  (41  ±  5  m). 
These  circumstances  are  consistent  with  those 
associated  with  the  polygynous  nest,  but  we  lack 
direct  evidence  linking  these  territories  to  polyg¬ 
ynous  males.  Polygynous  mating  systems  may  be 
more  common  in  grassland  habitats  because  of  the 
availability  of  key  resources  such  as  abundant  or 
accessible  food  (Welsh  1975,  Wittenberger  1980), 
or  availability  of  nest  sites  (Pleszczynska  and 
Hansell  1980,  Temple  2002). 

Predation  is  a  driving  factor  in  the  rapid 
development  of  altricial  young  in  many  species 
(Remes  and  Martin  2002),  and  predators  are  often 
cited  as  the  primary  reason  for  low  nest  success 


rates  in  passerines  (Heske  et  al.  2001).  Providing 
intensive  parental  care  is  essential  for  raising 
altricial  young  (Silver  et  al.  1985,  Starck  and 
Ricklefs  1998),  and  bi-parental  care  is  expected 
for  species  where  nest  success  is  low  (Clutton- 
Brock  1991).  Sprague’s  Pipit  is  prone  to  high  rates 
of  nest  failure  in  some  areas  as  a  result  of  nest 
predation  and  inclement  weather  (Davis  2003, 
Davis  and  Fisher  2009).  Bi-parental  care  is 
common  in  Anthus  species  (Halupka  1994, 
Verbeek  and  Hendricks  1994,  Frey-Roos  et  al. 
1995,  Rauter  et  al.  2000),  and  may  allow  females 
to  fledge  more  young  than  without  male  parental 
care  (Webster  1991,  Johnson  et.  al  1993,  Lynn 
and  Wingfield  2003).  Male  parental  effort  is 
important  for  nesting  success;  serial  polygyny 
(male  with  an  active  nest  pairing  with  another 
mate)  (Miskelly  1990,  Yosef  1992)  may  allow 
male  pipits  to  invest  parental  care  without 
dividing  effort  between  same  age  clutches. 

Male  Sprague’ s  Pipits  have  been  assumed  to  be 
monogamous  and  to  not  provide  parental  care 
(Robbins  and  Dale  1999).  Video  monitoring,  and 
marking  individual  males  and  females,  allowed  us 
to  document  a,  single  case  of  polygyny  and 
confirm  that  males  assist  females  in  brood  rearing. 
We  encourage  future  studies  to  consider  using 
marked  birds  and  genetic  analysis  to  examine  if 
Sprague’s  Pipits  are  typically  monogamous  or 
polygynous. 
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Adoption  by  a  Territorial  Passerine 

Russell  A.  Ligon,1,2  Mark  Liu,1 2  and  Geoffrey  E.  Hill1 


ABSTRACT. — We  observed  and  video-taped  active¬ 
ly  nesting  adult  Eastern  Bluebirds  (Sialia  sialis) 
repeatedly  feeding  abandoned  conspecific  juveniles  in 
a  nearby  nest.  We  used  molecular  techniques  to  confirm 
these  nestlings  were  unrelated  to  the  adults  that  fed 
them.  The  most  likely  explanation  for  the  observed 
behavior  is  that  it  was  a  mistake  resulting  from  parental 
response  to  the  begging  vocalizations  in  the  nearby  nest. 
Received  24  November  2008.  Accepted  1  May  2009. 


Adoption  is  the  phenomenon  wherein  individ¬ 
uals  provide  sole  parental  care  to  foreign  young 
(Riedman  1982).  This  seemingly  maladaptive 
behavior  has  been  documented  in  a  wide  range 
of  animals  including  fish  (McKaye  and  McKaye 
1977),  mammals  (Bridges  1990),  and  birds 
(Pierotti  1988).  There  are  two  main  pathways  in 
birds  to  alloparental  care  and  adoption.  First, 
mobile  young  may  abandon  their  original  nest  and 
seek  additional  care  from  unrelated  adults  (Pier¬ 
otti  and  Murphy  1987,  Redondo  et  al.  1995, 
Roulin  1999,  Bize  et  al.  2002).  Nestlings  of 
colonial  species  (e.g.,  Ring-billed  Gulls  [Larus 
delawarensis ],  Brown  et  al.  1995)  have  more 
opportunities  to  receive  care  from  foster  parents, 
and  adoption  is  especially  common  when  adults 
are  unable  to  discriminate  between  related  and 
unrelated  young  (Graves  and  Whiten  1980, 
Pierotti  1988,  Morris  et  al.  1991,  Brown  et  al. 
1995,  Jouventin  et  al.  1995).  Second,  adults  may 
adopt  unrelated  young  following  territorial  take¬ 
over  events  (Rowher  1986).  Individuals  in  these 
instances  may  increase  the  likelihood  of  main¬ 
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taining  newly  formed  pair  bonds  and  territorial 
control  by  providing  care  to  unrelated  young 
(Rowher  1986).  Our  objectives  are  to:  (1)  report 
adoption  of  Eastern  Bluebird  ( Sialia  sialis ) 
nestlings  by  a  pair  of  concurrently  nesting, 
unrelated  adults  from  a  neighboring  territory; 
and  (2)  present  a  third  pathway  to  alloparental 
care.  We  confirmed  field  observations  with 
evidence  from  videotaped  parental  behaviors  and 
molecular  genotyping. 

METHODS 

Study  Species. — Eastern  Bluebirds  are  socially 
monogamous,  territorial,  obligate  cavity-nesting 
passerines  that  frequently  breed  in  artificial  nest 
boxes  (Gowaty  and  Plissner  1998).  Eastern 
Bluebirds,  like  some  other  socially  monogamous 
passerines  (e.g..  Great  Tits  [Parus  major ]  and 
Eurasian  Blue  Tits  [Cyanistes  caeruleus ])  (Gull- 
berg  et  al.  1992),  experience  high  levels  of  extra¬ 
pair  paternity  in  some  populations  (Gowaty  and 
Plissner  1998).  Male  and  female  bluebirds  defend 
all-purpose  territories  around,  their  nest  boxes 
during  the  breeding,  season,  and  breeding  pairs  are 
aggressive  to  other  bluebirds.  Male  bluebirds 
intensively  guard  their  partners  during  the  egg- 
laying  period  of  the  nesting  cycle,  and  females 
aggressively  defend  their  nests  from  other  females 
to  reduce  conspecific  brood  parasitism  (Gowaty 
and  Plissner  1998). 

Field  Procedures. — We  conducted  this  study  on 
a  banded  population  of  Eastern  Bluebirds  in  Lee 
County,  Alabama,  USA  (32°  35'  N,  82°  28'  W). 
We  collected  feathers  and  blood  samples  from 
adults  by  trapping  males  and  females  at  their  nest 
boxes  when  nestlings  were  2  days  of  age. 
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We  placed  one  video  camera  at  each  of  two 
adjacent  nest  boxes  (Box  #  28  and  Box  #  29) 
when  nestlings  in  both  boxes  were  5  days  of  age 
(18  Jul  2008)  to  record  the  feeding  behavior  of 
any  adults  that  visited  these  nest  boxes.  This 
allowed  us  to  identify  adults  visiting  each  box  and 
the  rate  at  which  these  visits  occurred.  We 
videotaped  Box  #  29  for  195  min  beginning  at 
0610  hrs  CST  and  Box  #  28  for  189  min 
beginning  at  0613  hrs. 

We  collected  blood  from  the  nestlings  at  Box  # 
29  on  day  8.  Two  nestlings  from  Box  #  28  had 
disappeared  by  nestling  day  6  and  we  decided  to 
collect  blood  from  the  remaining  two  nestlings  at 
that  time.  We  also  collected  blood  from  both 
adults  upon  capture  at  Box  #  29.  No  other  adults 
were  observed  in  the  immediate  vicinity  of  Box  # 
28  or  #  29. 

Laboratory  Procedures. — We  extracted  geno¬ 
mic  DNA  from  blood  using  proteinase  K 
digestions  and  phenol-chloroform-isoamyl  extrac¬ 
tion.  Samples  were  washed  in  ethanol  following 
extraction,  dried  in  a  vacuum  centrifuge,  and 
DNA  samples  were  resuspended  and  stored  in  TE 
buffer  (Sambrook  and  Russell  2001).  We  used 
three  dinucleotide  microsatellite  loci  (EABL129, 
MOBL49,  MOBL  87;  primers  reported  in 
Balenger  et  al.  2009)  for  microsatellite  genotyp- 
ing  of  bluebirds.  Each  10  uL  polymerase  chain 
reaction  (PCR)  contained  —250  ng  of  genomic 
DNA,  5  pi  of  Fideli  Taq™  PCR  Master  Mix 
(USB  Corporation,  Santa  Clara,  CA,  USA), 
0.25  pM  of  forward  primer,  0.25  pM  of 
WellRED  (Beckman  Coulter,  Fullerton,  CA, 
USA)  fluorescent-labeled  M13  primer  (Sigma- 
Proligo,  St.  Louis,  MO,  USA),  and  0.5  pM  of 
reverse  primer  (Invitrogen  Life  Technologies. 
Carlsbad,  CA,  USA).  The  forward  primer  was  an 
M13  tailed  primer  (Balenger  et  al.  2009).  A  PTC- 
100  thermocycler  (MJ  Research,  Waltham,  MA, 
USA)  was  used  to  amplify  the  microsatellite  loci 
using  94°  C  for  4  min,  30  cycles  of  1  min  at  94° 
C,  1  min  at  50°  C,  2  min  at  72°  C,  and  final 
elongation  at  72°  C  for  10  min.  PCR  products 
were  separated  and  sized  on  a  CEQ™  8000 
Genetic  Analysis  System  Version  10  (Beckman 
Coulter  Inc.,  Fullerton,  CA,  USA).  Alleles  were 
visually  scored  on  rounding  fragment  size  calls  to 
the  nearest  base. 

OBSERVATIONS 

We  set  traps  on  15  July  2008  in  two  adjacent 
nest  boxes  (Boxes  #  28  and  #  29)  —100  m  apart. 


Both  boxes  contained  active  nests,  each  with  four, 
2-day  old  chicks.  An  unbanded  female  was 
captured  at  Box  #  29  at  —0900  hrs  CST  and 
banded  with  one  numbered  metal  band  and  three 
color  bands.  An  unbanded  male  was  captured  at 
Box  #  29  at  —0930  hrs  and  similarly  banded.  No 
adult  was  captured  at  Box  #  28  during  this  time. 
We  left  the  trap  in  Box  #  28  until  1030  hrs  when 
we  returned  to  the  box  to  find  the  freshly  banded 
female  previously  captured  in  Box  #  29.  The 
following  morning  we  again  placed  a  trap  in  Box 
#  28,  but  failed  to  capture  any  adult  over  the 
course  of  2  hrs. 

Neither  of  the  nestlings  in  Box  #  28  was  related 
to  the  adults  captured  and  banded  at  Box  #  29 
based  on  microsatellite  data.  These  adults  were 
the  genetic  parents  of  the  nestlings  in  Box  #  29, 
although  one  extra-pair,  young  was  sired  by 
another  male.  The  extra-pair  nestling  was  not 
related  to  either  nestling  in  Box  #  28. 

Both  parents  from  Box  #29  visited  the  unrelat¬ 
ed  nestlings  in  Box  #  28  in  addition  to  feeding 
their  own  young.  The  adults  visited  their  own  nest 
a  combined  27  times  during  195  min  of  recorded 
behavior  for  Box  #  29.  The  parents  from  Box  #  29 
visited  a  total  of  5  times  during  189  min  recorded 
for  Box  #  28.  However,  the  male  and  female 
allocated  their  visits  between  the  two  boxes 
differently.  The  female  fed  her  own  nestlings 
only  six  times  during  this  period  while  feeding 
and  brooding  the  nestlings  in  Box  #  28  four  times 
during  the  same  period.  The  male,  however, 
visited  Box  #  28 .  only  once,  but  fed  his  own 
(and  one  extra-pair)  young  21  times  between  0610 
and  0925  hrs  (Table  1). 

Nestlings  from  Box  #  28  began  to  disappear  on 
18  July.  Only  three  nestlings  remained  in  the  nest 
on  this  date  and  the  following  day  only  two 
nestlings  remained.  The  nestlings  were  then  6  days 
of  age,  but  were  developmentally  equivalent  to 
normal  2-day  old  nestlings  (Fig.  1).  The  infrequent 
feedings  by  the  adults  from  Box  #  29  appeared  to 
provide  inadequate  nutrition  to  maintain  normal 
growth  of  the  adopted  nestlings.  On  nestling  day  8 
we  found  one  of  the  two  remaining  nestlings  on  the 
ground,  just  outside  of  the  nest  box.  This  individual 
was  still  alive,  and  we  returned  it  to  the  nest  box. 
However,  within  2  days  this  individual  and  its  nest- 
mate  had  disappeared. 

DISCUSSION 

Adoption  is  a  rare  behavior  across  all  verte¬ 
brates,  but  observations  of  alloparental  care  by 
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TABLE  1.  Visits  during  ~3  hrs  by  a  nesting  pair  of 
Eastern  Bluebirds  to  their  own  and  a  nearby  nest  box 
containing  unrelated  nestlings.  Visits  were  recorded 
simultaneously  when  nestlings  in  both  boxes  were  5  days 
of  age. 

Own  nest* 

Unrelated  nestb 

Male 

Visits 

21 

i 

Feeding  rate0 

1.62 

0.11 

Female 

Visits 

6 

4 

Feeding  rate 

0.46 

0.42 

Total 

Visits 

27 

5 

Feeding  rate 

2.08 

0.53 

3  Four  chicks. 
b  Three  chicks. 
c  Visits/chick/hr. 


adult  Eastern  Bluebirds  are  not  uncommon  (e.g., 
Pinkowski  1978,  Gowaty  1983,  Plissner  and 
Gowaty  1988,  Wetzel  and  Chandler  2008).  The 
apparent  frequency  of  this  behavior  and  docu¬ 
mentation  in  bluebirds  is  likely  a  result  of 
intensive  monitoring  efforts  in  the  eastern  United 
States  combined  with  increased  density  of  blue¬ 
bird  nests  in  artificial  boxes  (Gowaty  and  Plissner 
1998).  Higher  densities  of  breeding  bluebirds 
increase  the  likelihood  of  contact  between  breed¬ 
ing  birds  and  actively  begging,  unrelated  young. 
This  is  the  first  account  of  alloparental  care 


directed  to  nestlings  <7  days  of  age  despite  a 
number  of  reports  detailing  adoptive  behavior  in 
Eastern  Bluebirds.  Abandoned  bluebird  nestlings 
younger  than  7  days  are  typically  ignored  or 
killed  by  replacement  females  (Gowaty  and 
Plissner  1998). 

Individual  bluebirds  may  occasionally  benefit 
by  caring  for  unrelated  young  (e.g.,  Gowaty  1983, 
Wetzel  and  Chandler  2008),  but  it  seems  unlikely 
there  is  an  unrecognized  advantage  for  the  adoption 
we  observed.  The  bluebirds  in  our  study  were 
probably  stimulated  to  provision  young  by  simple, 
proximate  cues.  These  stimulus-response  systems 
lead  to  adaptive  responses  in  most  circumstances, 
but  occasionally  cause  responses  that  are  maladap¬ 
tive  (misallocation  of  resources,  Riedman  1982). 
Rearing  the  occasional  unrelated  young  may  carry 
a  fitness  cost  but,  because  the  opportunities  for 
such  mistakes  are  scarce  and  costs  of  ignoring 
begging  young  are  usually  high  (Knudsen  and 
Evans  1986,  Hebert  1988),  bluebirds  remain 
vulnerable  to  feeding  unrelated  young. 

Only  an  unusual  set  of  circumstances — or¬ 
phaned  chicks  of  the  same  age  as  those  of  a 
neighboring  pair,  and  neighboring  adults  passing 
sufficiently  close  to  hear  begging — created  the 
opportunity  for  a  pair  of  bluebirds  to  feed  young 
outside  their  own  nest.  There  is  no  opportunity  for 
bluebird  parents  to  be  stimulated  to  feed  nestlings 
outside  their  own  nest  in  a  typical  breeding 
situation  because  adults  aggressively  exclude  both 
male  and  female  intruders  from  the  area  around 


FIG.  1.  Average  (±  SE)  nestling  mass  in  Box  #  28,  abandoned  by  true  parents,  and  Box  #  29,  fed  by  true  parents. 
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their  nests.  Box  #  28  in  our  study  had  no  adults 
associated  with  it  (a  pair  of  Cooper’s  Hawks 
[Accipiter  cooperii ]  was  observed  multiple  times 
near  this  box  and  we  suspect  both  parents  of  the 
nestlings  in  Box  #  28  were  killed  by  these  raptors) 
which  allowed  the  adoptive  parents  to  frequently 
move  past  the  unattended  nest  to  forage.  The 
small  number  of  total  visits  by  the  foster  parents 
to  the  adopted  nest  (Table  1),  coupled  with  the 
low  growth  rate  of  the  adopted  nestlings  (Fig.  1), 
suggest  the  parents  from  Box  #  29  were 
stimulated  to  feed  their  adopted  young  less  than 
their  own,  likely  because  they  only  occasionally 
moved  sufficiently  close  to  the  secondary  nest  to 
hear  begging  of  these  nestlings.  The  alloparental 
behavior  we  report  was  likely  a  hard-wired 
response  of  hormonally-primed  breeding  adults 
to  begging  of  the  abandoned  chicks  (Emlen  1976). 

The  male  and  female  in  this  study  provided 
different  levels  of  care  to  the  adopted  nestlings  in 
Box  #  28.  Divergence  in  foraging  behavior  or 
location  may  have  contributed  to  these  differenc¬ 
es.  The  increased  alloparental  care  exhibited  by 
the  female  could  have  arisen  if  she  foraged  more 
frequently  near  Box  #  28  and  was  more  frequently 
exposed  to  the  begging  vocalizations  of  the 
unrelated  nestlings.  Only  the  female  was  observed 
to  brood  nestlings  during  our  study  in  accordance 
with  the  species  account  of  Gowaty  and  Plissner 
(1998).  The  increased  investment  by  the  female 
with  respect  to  brooding  behavior  may  have 
contributed  to  her  generally  lower  feeding  rate, 
as  well  as  her  more  equitable  distribution  of  visits 
to  each  nest  box.  Consistently  lower  body 
temperatures  of  the  nestlings  in  Box  #  28  might 
have  caused  the  female  to  invest  more  time 
brooding  these  young  (70  min)  than  her  own 
young  (38  min),  decreasing  the  total  amount  of 
time  spent  foraging  and  feeding  nestlings. 

Many  alloparental  behaviors  are  simply  the 
result  of  misdirected  parental  care  on  a  proximate 
level  (Riedman  1982).  Alloparental  behavior  will 
persist  in  territorial  species,  like  Eastern  Blue¬ 
birds,  where  the  frequency  or  costs  of  adoption  are 
relatively  low  as  long  as  the  behavioral  patterns  of 
individuals  are  adaptive  in  the  majority  of  cases, 
and  there  is  no  simple  and  better  alternative 
behavioral  pattern. 
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Snow  Bathing  by  House  Finches:  A  Review  of  this  Behavior  by  North 

American  Birds 

Paul  Hendricks1 


ABSTRACT. — I  report  a  case  of  snow  bathing  by 
House  Finches  (Carpodacus  mexicanus ),  apparently  the 
first  for  this  species.  As  many  as  15  finches  bathed 
together,  three  to  four  at  a  time,  in  18  cm  of  fresh  loose 
snow  in  a  manner  typical  when  birds  bathe  in  water  or  dirt: 
wings  fluttered  near  the  sides  to  spray  the  snow  over  the 
body  with  back  and  head  plumage  erected  while  the  breast 
was  pressed  into  the  snow.  Relatively  few  accounts  of  birds 
bathing  in  snow  have  been  published.  I  found  23  prior 
reports  of  snow  bathing  for  i6  North  American  species, 
mostly  Passeriformes  but  including  Falconiformes,  Galli- 
formes,  Strigiformes,  and  Piciformes.  Bathing  in  loose  or 
uncompacted  snow  occurred  more  often  than  in  wet  or 
cmsted  snow,  and  there  was  a  tendency  for  more  than  one 
bird  to  engage  in  snow  bathing  during  each  event.  Brevity 
of  accounts  prevented  identification  of  other  factors  that 
may  be  frequently  associated  with  snow  bathing.  Bathing 
in  snow  is  a  routine  behavior  for  some  bird  species,  such  as 
ptarmigan,  and  European  accounts  indicate  that  it  is 
undoubtedly  more  widespread  among  North  American 
species  than  shown  by  review  of  the  literature.  Received  12 
March  2009.  Accepted  10  July  2009. 


Birds  use  snow  as  a  source  of  water  (Johnson 
1994,  Hendricks  2008),  a  medium  in  which  to 
roost  (Braun  and  Schmidt  1971,  Furness  and 
Peterson  1987)  or  hide  food  (Kilham  1989, 
Heinrich  1999),  and  as  a  surface  on  which  to 
forage  for  chilled,  wind-deposited  arthropods 
(Johnson  1965,  Hendricks  1987).  Some  birds  also 


1  Montana  Natural  Heritage  Program,  Natural  Science 
205,  University  of  Montana,  Missoula,  MT  59812,  USA; 
e-mail:  phendricks@mt.gov 


bathe  in  snow  in  much  the  same  manner  as  in 
water  or  dirt  (Clague  and  Goodwin  1949, 
Weisbrod  1971),  although  perhaps  in  response  to 
different  stimuli. 

I  report  a  case  of  snow  bathing  by  House 
Finches  ( Carpodacus  mexicanus),  a  behavior 
apparently  unreported  for  this  species  (Woods 
1968,  Hill  1993).  I  also  review  the  literature  for 
accounts  of  snow  bathing  by  North  American 
birds  and  search  for  common  patterns  in  snow 
conditions  and  social  context  in  which  the 
behavior  occurs. 

METHODS 

Observation  of  snow  bathing  by  House  Finches 
was  made  at  the  edge  of  Missoula,  Missoula 
County,  Montana  (46°  00'  N,  114°  00'  W).  I 
compiled  prior  reports  of  snow  bathing  by  North 
American  birds  from:  (1)  the  “Self-maintenance” 
section  in  species  accounts  published- in  The  Birds 
of  North  America  series  (1994-2002),  (2)  species 
accounts  in  Bent’s  Life  Histories  of  North 
American  Birds  (1919-1968,  21  volumes  of  the 
Bulletin  of  the  U.S.  National  Museum),  particu¬ 
larly  for  species  and  families  where  the  behavior 
was  documented  elsewhere,  (3)  an  internet  search, 
including  the  Searchable  Ornithological  Research 
Archive  (SORA)  web  site  (http://elibrary.unm. 
edu/sora),  and  (4)  citations  provided  in  other 
accounts  of  the  behavior,  including  European 
species.  I  attempted  to  obtain  the  original  source 
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for  each  reported  observation.  It  is  probable  that 
some  published  accounts  of  snow  bathing  were 
missed,  as  several  have  appeared  in  state  ornitho¬ 
logical  journals  that  fail  to  be  indexed  in 
electronic  data  bases. 

I  noted  the  type  of  snow  used  for  bathing  when 
possible  and  assigned  these  to  two  categories: 
“uncompacted”  (fresh,  loose,  new,  powdery, 
etc.)  or  “other”  (wet,  icy,  crusted).  I  excluded 
accounts  where  birds  were  bathing  in  snow  melt 
water.  I  also  noted  if  an  episode  of  snow  bathing 
was  conducted  by  more  than  one  individual, 
because  some  authors  have  ascribed  social 
facilitation  as  contributing  to  expression  of 
plumage  maintenance  behaviors  (Stainton  1982). 
A  few  accounts  report  several  episodes  of  snow 
bathing.  I  treated  these  as  a  single  report  and 
assigned  snow  conditions  and  social  context  to  a 
single  category.  I  assigned  the  report  to  both 
categories  for  either  snow  conditions  or  social 
context  if  a  source  indicated  more  than  one  type 
of  snow  was  used,  or  snow  bathing  occurred  by 
both  lone  birds  and  groups.  I  used  one-sample 
Proportions  Tests  (adjusted  for  small  sample 
sizes)  to  examine  if  there  were  statistically 
significant  patterns  in  snow  conditions  and  social 
context  in  which  snow  bathing  occurred  with 
proportions  not  significantly  different  than  0.5  as 
the  null  hypotheses.  Statistical  tests  were  con¬ 
ducted  with  Statistix®  8  (Analytical  Software, 
Tallahassee,  FL,  USA). 

RESULTS 

House  Finches. — At  lllOhrs  MST  on  25 
December  2008  I  noticed  of  a  flock  of  —30 
House  Finches  of  which  up  to  15  were  in  the 
process  of  snow,  bathing  on  the  ground  among  a 
large  patch  of  shrubs;  the  other  finches  were 
constantly  flying  between  the  shrubs  and  a 
feeding  station  about  50  m  distant.  The  sky  was 
overcast  and  fine  snow  was  gently  falling  in  calm 
air  (air  temperature  =  —4.5°  C);  the  ground  was 
already  covered  with  1 8  cm  of  light  uncompacted 
snow.  Three  or  four  finches  were  in  shallow  pits 
on  the  surface  of  the  snow  within  1  m  of  each 
other  at  any  one  time,  each  with  the  plumage  on 
the  back  and  neck  raised,  the  breast  pressed  into 
the  snow,  and  the  wings  rapidly  fluttered  near  the 
sides,  flipping  snow  in  a  fine  “spray”  over  the 
back  and  head.  Bouts  of  snow  bathing  lasted  30  to 
60  sec.  When  finished  bathing  in  the  snow,  some 
individuals  perched  nearby  in  the  shrubs  or  on  a 
fence  where  they  preened  or  scratched  briefly 


while  others  flew  directly  to  the  feeding  station. 
Additional  finches  flew  to  the  snow  to  commence 
snow  bathing.  Some  of  these  appeared  to  use 
snow  pits  used  previously,  but  most  bathed  in 
untracked  snow. 

North  American  Records. — I  found  23  pub¬ 
lished  accounts  of  snow  bathing  for  16  species  of 
North  American  birds  (Table  1)  in  addition  to  my 
House  Finch  observation,  for  a  total  of  24 
accounts  for  17  species.  Snow  bathing  was 
reported  in  five  Orders  (Falconiformes,  Galli- 
formes,  Strigiformes,  Piciformes,  and  Passeri¬ 
formes);  67%  of  all  accounts  were  for  passerines, 
69%  of  the  passerine  accounts  were  for  corvids 
and  fringillids.  A  few  accounts  reported  more  than 
one  case  of  snow  bathing,  at  times  mentioning 
more  than  one  species,  while  others  provided  few 
if  any  details  and  were  not  traceable  to  another 
original  account.  I  was  able  to  obtain  additional 
details  directly  from  one  of  the  authors  for  one 
White-tailed  Ptarmigan  ( Lagopus  leucura)  ac¬ 
count. 

I  was  able  to  assign  snow  conditions  for  19 
accounts  of  snow  bathing  (Table  1).  Snow  bathing 
occurred  in  snow  that  I  interpreted  to  be 
uncompacted  for  79%  of  the  accounts  (one- 
sample  Proportion  Test:  Z  =  2.29,  P  =  0.022). 
Social  context  of  snow  bathing  was  reported  for 
17  accounts  of  which  65%  mentioned  snow 
bathing  by  more  than  one  bird  (Z  =  0.97,  P  = 
0.33). 

DISCUSSION 

There  appear  to  be  relatively  few  published 
accounts  of  North  American  birds  bathing  in 
snow,  although  the  data  I  present  shows  the 
behavior  is  performed  by  at  least  17  species  in 
five  avian  Orders  (Table  1).  Undoubtedly,  snow 
bathing  is  more  widespread  among  North  Amer¬ 
ican  species  than  shown  by  my  review  of  the 
literature.  Snow  bathing  by  several  species  of 
Corvidae  (Blue  Jay  [Cyanocitta  cristata],  Amer¬ 
ican  Crow  [Corvus  brachyrhynchos ],  Common 
Raven  [C.  corax])  and  Fringillidae  (Pine  Gros¬ 
beak  [Pinicola  enucleator ],  House  Finch,  Com¬ 
mon  Redpoll  [Carduelis  flammea],  American 
Goldfinch  [C.  tristis ])  suggests  that  additional 
species  in  these  two  families  inhabiting  northern 
latitudes  will  eventually  be  shown  to  perform  this 
behavior.  Lawrence  (1967:142)  commented  that 
among  woodpeckers  “snow-bathing  is  another 
form  of  cleansing  and  relaxation  in  which 
woodpeckers  indulge  occasionally”  suggesting 
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TABLE  1.  Species  of  North  American  birds  reported  to  snow  bathe. 


Order/Common  name  Scientific  name  Snow  type  Social*  Source 


Falconiformes 
Gyrfalcon 
Galliformes 
Willow  Ptarmigan 
White-tailed  Ptarmigan 

White-tailed  Ptarmigan 

White-tailed  Ptarmigan 
Strigiformes 

Northern  Hawk  Owl 
Piciformes 
Downy  Woodpecker 
Hairy  Woodpecker 

Passeriformes 
Blue  Jay 
American  Crow 
American  Crow 
American  Crow 
Common  Raven 
Common  Raven 

Homed  Lark 
Black-capped  Chickadee 
Dark-eyed  Junco 
Snow  Bunting 
Snow  Bunting 
Pine  Grosbeak 
House  Finch 
Common  Redpoll 
Common  Redpoll 
American  Goldfinch 


Falco  rusticolus 

Lagopus  lagopus 
L.  leucura 


Surnia  ulula 

Picoides  pubscens 
P.  villosus 

Cyanocitta  cristata 
Corvus  brachyrhynchos 


C.  corax 


Eremophila  alpestris 
Poecile  atricapillus 
Junco  hyemalis 
Plectrophenax  nivalis 

Pinicola  enucleator 
Carpodacus  mexicanus 
Carduelis  flammea 


Uncompacted 

Yes 

Wet,  crusty 

Yes 

Yes 

Uncompacted 

No 

Uncompacted 

No 

Wet 

No 

Uncompacted 

Wet,  icy 

No 

Uncompacted 

No 

Uncompacted 

Yes 

Yes 

Uncompacted 

Yes 

Uncompacted 

No 

Uncompacted 

Uncompacted 

Yes 

Hard  crusted 

Uncompacted 

Uncompacted 

Yes 

Uncompacted 

Yes 

Uncompacted 

Yes 

Uncompacted 

Yes 

Clum  and  Cade  1994 


Hannon  et  al.  1998 
Braun  et  al.  1993,  C.  E.  Braun 
pers.  comm. 

Braun  et  al.  1993,  C.  E.  Braun 
pers.  comm. 

Gellhom  2007 


Cade  1952 

Merriman  1920 
Lawrence  1967 

Weisbrod  1971 
Squires  1934 
Hopkins  1989 
Kilham  1989 
Hopkins  1987 

Boarman  and  Heinrich  1999, 
Heinrich  1999 
Seton  1921 
Mitchell  1950 
Forbush  1929 
Parmelee  1968 
Lyon  and  Montgomerie  1995 
Forbush  1929 
This  paper 
Palmer  1949 

Furness  and  Peterson  1987 
Squires  1934 


C.  tristis 


a  No  =  a  solitary  bird.  Yes  =  more  than  one  bird. 


multiple  species  were  known  to  snow  bathe, 
although  only  the  Hairy  Woodpecker  ( Picoides 
villosus )  was  specifically  identified.  The  Europe¬ 
an  literature  also  indicates  that  bathing  in  snow  is 
likely  more  widespread  among  North  American 
species  than  shown  by  my  review.  Snow  bathing 
has  been  observed  for  Stock  Dove  ( Columba 
oenus),  Spotted  Nutcracker  ( Nucifraga  caryoca- 
tactes),  and  Eurasian  Magpie  (Pica  pica)  (Clague 
and  Goodwin  1949,  Pfeifer  1956),  but  I  failed  to 
find  accounts  for  their  North  American  conge¬ 
neric  counterparts.  There  are  also  cases  where 
snow  bathing  has  been  described  for  European 
populations  of  species  also  present  in  North 
America,  yet  for  which  I  failed  to  find  a  North 
American  report;  (Rock)  Ptarmigan  (Lagopus 


muta)  bathe  in  snow  during  all  months  (Watson 
1972),  and  House  Sparrows  (Passer  domesticus) 
have  been  noted  snow  bathing  at  least  once 
(Berndt  1961). 

The  House  Finches  I  observed  bathing  in  snow 
performed  movements  used  by  other  bird.. species 
when  bathing  in  water  (Slessers  1970),  dust 
(Hendricks  and  Hendricks  1995),  or  snow  (Mer- 
riam  1920,  Furness  and  Peterson  1987):  erecting 
the  neck  and  back  plumage,  dipping  or  pressing 
the  breast  and  sides  of  the  head  into  the  medium, 
fluttering  the  wings  to  spray  the  medium  over  the 
body.  My  analysis  of  North  American  accounts 
(Table  1)  indicates  that  bathing  in  snow  is  most 
prevalent  when  snow  is  fresh  or  uncompacted, 
and  is  consistent  with  the  notion  that  bathing  in 
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snow  is  a  plumage-maintenance  behavior  closely 
related  to  water  bathing  and  dusting.  Unlike 
bathing  in  water,  however,  the  primary  function 
of  snow  bathing  in  the  majority  of  reported  cases 
is  not  to  wet  the  plumage  so  as  to  facilitate  oiling 
(Simmons  1986).  Fine  loose  snow  is  probably 
easier  to  introduce  into  the  plumage,  and  may 
function  much  like  dust  to  aid  in  rearranging  the 
plumage  for  more  efficient  insulation  and 
possibly  to  combat  ectoparasites  (Simmons 
1986).  Some  authors  note  that  bathing  in 
uncompacted  snow  is  reminiscent  of  dusting 
(Seton  1921,  Forbush  1929,  Parmelee  1968, 
Furness  and  Peterson  1987),  and  at  least  one 
believes  that  both  snow  bathing  and  dusting  “is  a 
comfort  movement  and  helps  ‘dislodge’  body 
lice”  (C.  E.  Braun,  pers.  comm.).  Birds  also 
bathe  in  wet  or  crusted  snow  (Squires  1934, 
Lawrence  1967,  Lyon  and  Montgomerie  1995), 
suggesting  multiple  mechanical  functions  and 
stimuli  for  snow  bathing  dependent  on  the  type  of 
snow  used. 

The  majority  (65%)  of  North  American  ac¬ 
counts  mentioning  the  number  of  birds  snow 
bathing  noted  that  more  than  one  individual 
engaged  in  the  activity  (Table  1),  but  the 
statistical  analysis  I  performed  on  the  data 
indicated  the  activity  was  independent  of  the 
presence  of  conspecifics.  The  result  of  my 
statistical  test  may  be  misleading,  however, 
because  of  a  small  sample  size  of  accounts  with 
the  pertinent  information.  Furthermore,  the  per¬ 
centage  of  accounts  reporting  multiple  individuals 
snow  bathing  is  likely  a  low  estimate,  because 
four  of  six  accounts  that  failed  to  comment  on 
social  context  were  for  species  often  occurring  in 
groups  (Willow  Ptarmigan  [Lagopus  lagopus]. 
Dark-eyed  Junco  [Junco  hyemalis],  Snow  Bunting 
[Plectrophenax  nivalis].  Pine  Grosbeak).  The  only 
accounts  for  Gyrfalcon  ( Falco  rusticolus )  (Clum 
and  Cade  1994)  and  Blue  Jay  (Weisbrod  1971) 
were  of  captive  birds,  and  it  was  not  clear  if  the 
birds  observed'  snow  bathing  were  housed  sepa¬ 
rately  or  not.  Thus,  I  conclude  that  social 
facilitation  probably  has  a  role  in  a  majority  of 
cases  of  snow  bathing,  but  support  for  this  will 
require  analysis  of  a  larger  ■  sample  of  more 
detailed  accounts.  Reasons  why  snow  bathing 
would  be  more  likely  to  occur  in  groups  are  not 
obvious,  but  the  “force  of  imitative  behaviour” 
(Stainton  1982:79)  has  been  suggested  as  an 
internal  motivation,  although  not  all  birds  in  a 
group  snow  bathe.  Another,  adaptive  reason 


could  be  more  effective  detection  of  predators 
and  safety  in  numbers  if  a  predator  appears. 
Solitary  birds,  however,  at  times  snow  bathe. 
Thus,  the  available  evidence  indicates  the 
behavior  is  probably  a  response  to  a  combination 
of  internal  and  external  factors  in  need  of 
additional  study. 

Brevity  of  most  published  accounts  prevents 
statistical  analysis  of  additional  factors  that  may 
be  associated  with  snow  bathing  by  North 
American  birds.  Four  accounts  noted  it  was  clear 
and  sunny  when  snow  bathing  occurred  (Squires 
1934,  Lawrence  1967,  Hopkins  1987,  1989);  my 
observation  of  House  Finches  snow  bathing 
during  light  snowfall  was  the  exception  among 
accounts  reporting  sky  conditions.  Air  tempera¬ 
ture  is  rarely  reported.  Four  accounts  (Furness 
and  Peterson  1987;  Hopkins  1987,  1989;  this 
study)  noted  that  snow  bathing  occurred  in 
morning,  generally  later  than  earlier.  The  same 
four  accounts  reported  that  preening  occurred 
after  bouts  of  snow  bathing,  but,  with  the 
exception  of  Lawrence  (1967)  and  Kilham 
(1989),  it  is  not  possible  to  learn  if  preening 
was  not  performed  or  just  not  reported  for  the 
other  accounts. 

No  formal  study  of  the  frequency  and  context 
of  snow  bathing  for  any  single  species  has  been 
conducted  in  North  America;  perhaps  the  effort 
required  for  a  study  would  be  so  time  consuming 
that  the  behavior  is  generally  neglected  (Weisbrod 
1971).  Studies  of  Rock  Ptarmigan  (Watson  1972) 
and  White-tailed  Ptarmigan  (C.  E.  Braun,  pers. 
comm.)  indicate  that  snow  bathing  can  occur  in  all 
months  because  these  species  inhabit  terrain 
where  snow  is  almost  always  available.  Closer 
scrutiny  of  other  bird  species  that  are  exposed  to 
snow  for  many  months  (residents  of  boreal 
latitudes  and  high  elevations)  may  expand  our 
understanding  of  the  role  and  context  of  snow 
bathing. 
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Noteworthy  Observations  of  Foraging  Turkey  Vultures 

Steven  G.  Platt1 2 3 4  and  Thomas  R.  Rainwater2,3,4 


ABSTRACT. — We  present  two  noteworthy  observa¬ 
tions  of  foraging  Turkey  Vultures  (Cathartes  aura), 
including  consumption  of  a  marine  toad  (Bufo  marinus) 
and  a  live  juvenile  cotton  rat  (Sigmodon  hispidus).  To 
our  knowledge,  these  observations  are  the  first  reports 
of  any  North  American  vulture  consuming  B.  marinus 
or  a  Turkey  Vulture  taking  live  mammalian  prey.  Our 
observations  highlight  the  potential  for  mechanical 
mowers  to  provide  carrion  for  Turkey  Vultures. 
Received  29  October  2008.  Accepted  2  April  2009. 


Turkey  Vultures  ( Cathartes  aura)  are  widely 
distributed  in  the  New  World,  ranging  from 
southern  Canada  to  southernmost  South  America 
(Kirk  and  Mossman  1998).  They  are  opportunistic 
scavengers  that  feed  on  a  wide  range  of  wild  and 
domestic  carrion,  which  they  locate  using  visual 
and  olfactory  cues  (Kirk  and  Mossman  1998). 
Wild  and  domestic  mammals  provide  the  most 
frequently  consumed  carrion,  but  birds,  reptiles, 
amphibians,  fish,  invertebrates,  and  plant  material 
also  have  been  reported  in  dietary  studies 
(reviewed  by  Kirk  and  Mossman  1998).  We 
present  two  noteworthy  observations  of  foraging 
Turkey  Vultures,  including  consumption  of  a 
previously  unreported  food  item  and  an  unusual 
foraging  behavior. 

OBSERVATIONS 

The  first  observation  occurred  at  1540  hrs  CST 
on  14  August  1996  when  we  encountered  three 
Turkey  Vultures  at  the  carcass  of  a  large  marine 
toad  ( Bufo  marinus )  in  a  pasture  at  Mile  30  on  the 
Western  Highway,  Cayo  District,  Belize.  We 
believe  the  toad  was  killed  the  day  prior  to  our 
observation  by  a  mechanical  mower.  We  observed 
the  vultures  for  20  min  from  a  distance  of  —30  m 
using  10  X  42  binoculars.  As  we  watched,  two  of 
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the  vultures  fed  from  the  carcass,  while  the  third 
remained  about  2  m  distant  without  attempting  to 
feed.  The  vultures  consumed  the  muscle,  viscera, 
and  small  bones  of  the  toad  and  when  we  returned 
at  1615  hrs,  only  the  skin,  two  attached  femurs, 
and  skeletal  elements  of  one  foreleg  remained. 

The  second  observation  occurred  at  1530  hrs 
CST  on  4  August  2007,  when  we  watched  an  adult 
Turkey  Vulture  consume  two  juvenile  cotton  rats 
(Sigmodon  hispidus),  at  least  one  of  which  was 
alive,  on  the  Mississippi  River  levee,  14  km  south 
of  Baton  Rouge,  East  Baton  Rouge  Parish, 
Louisiana,  USA.  We  observed  the  vulture  for 
4  min  from  a  distance  of  —15  m  using  10  X  42 
binoculars.  The  vulture  landed  on  the  levee  and, 
using  its  bill,  picked  up  the  remains  of  an  adult 
cotton  rat  that  was  probably  killed  when  the  levee 
was  mowed  24  to  48  hrs  earlier.  These  remains 
consisted  of  a  piece  of  dried  skin  with  the  tail,  two 
rear  legs,  and  head  attached.  The  vulture  held  the 
dried  skin  for  about  5  sec  before  letting  it  fall  to 
the  ground  and,  using  its  bill,  plucked  a  juvenile 
cotton  rat  from  a  nest  beside  the  dried  remains. 
Rapid  twisting  motions  of  the  body  and  tail 
indicated  the  juvenile  was  still  alive.  The  vulture 
swallowed  the  juvenile  and  then  plucked  a  second 
juvenile  from  the  nest  and  swallowed  it.  We  were 
unable  to  ascertain  if  the  second  juvenile  was  also 
alive.  The  vulture  then  stripped  a  piece  from  the 
dried  remains  of  the  adult,  swallowed  it,  and 
departed. 

DISCUSSION 

Our  observation  of  Turkey  Vultures  feeding  on 
the  carcass  of  a  marine  toad  is  significant  for  two 
reasons.  First,  although  Turkey  Vultures  are 
known  to  consume  frogs  (Buckley  1996),  previ¬ 
ous  dietary  studies  suggest  amphibian  consump¬ 
tion  is  rare  (Tyler  1937,  Thomaides  et  al.  1989, 
Kirk  and  Mossman  1998,  Kelly  et  al.  2007). 
Second,  to  our  knowledge  this  is  the  first  report  of 
any  North  American  vulture  consuming  marine 
toads.  Zug  and  Zug  (1979)  contend  that  few 
animals  are  able  to  consume  marine  toads, 
especially  large  adults  (snout-vent  length  to 
230  mm)  because  of  the  presence  of  bufogenin. 
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an  extremely  potent  defensive  toxin  concentrated 
in  the  parotid  glands.  There  are  few  observations 
of  predators  or  scavengers  interacting  with  marine 
toads  with  the  exception  of  domestic  dogs  ( Canis 
familiaris),  and  several  species  of  snakes  and 
crocodiles  (Zug  and  Zug  1979,  Smith  and  Phillips 
2006,  Platt  and  Rainwater  2007,  Letnic  et  al. 
2008). 

When  consuming  mammals,  Turkey  Vultures 
typically  peel  back  and  invert  the  skin  in  a  manner 
similar  to  our  observation  of  the  marine  toad 
carcass  (Kirk  and  Mossman  1998).  In  the  case  of 
marine  toads,  this  method  has  the  added  advan¬ 
tage  of  allowing  vultures  to  avoid  contact  with 
toxic  glands  embedded  in  the  epidermis  (Zug  and 
Zug  1979).  It  is  also  likely  the  marine  toad  was 
damaged  by  the  mower  blades;  such  injuries  could 
expose  muscle  and  viscera,  and  provide  ready 
entry  to  the  carcass  with  minimal  exposure  to 
toxic  glands  in  the  skin. 

Turkey  Vultures  are  known  to  occasionally  take 
living  prey,  including  fish  (Jackson  et  al.  1978), 
hatchling  (Fowler  1979)  and  rarely  adult  (Ger- 
mano  1999)  turtles,  nestling  birds  (Brown  and 
Amadon  1968,  Titus  and  Mosher  1980,  Kirk  and 
Mossman  1998),  and  adult  birds  that  are  trapped 
or  otherwise  incapacitated  (Crider  and  McDaniel 
1967,  Mueller  and  Berger  1967,  Glading  and 
Glading  1970).  Small  mammal  remains  are 
occasionally  recovered  from  Turkey  Vulture 
pellets  (Paterson  1984;  Yahner  et  al.  1986, 
1990),  although  these  are  assumed  to  have  been 
ingested  as  carrion  (DeVault  et  al.  2003).  We  are 
unaware  of  any  previous  observations  of  Turkey 
Vultures  consuming  live  mammalian  prey.  Our 
observations  suggest  that  mechanical  mowing 
operations,  including  hay  production  and  brush 
clearance  may  represent  a  source  of  carrion  for 
Turkey  Vultures,  particularly  small  animals  that 
are  unable  to  move  sufficiently  rapid  to  avoid 
mowers. 
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During  Fall  Migration  in  the  Florida  Keys 
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ABSTRACT. — We  used  hydrogen  stable  isotopes  in 
feathers  collected  from  1998  through  2003  to  examine  if 
there  was  differential  migration  of  juvenile  Merlins 
(Falco  columbarius)  and  Northern  Harriers  ( Circus 
cyaneus)  through  the  Florida  Keys,  USA  in  fall.  We 
examined  differences  by  gender,  population,  and  intra¬ 
season  variation  for  120  Merlins  and  60  harriers.  We 
found  no  difference  in  8Df  values  among  years,  and 
between  genders,  and  dates  of  capture  for  either  species. 
Received  30  October  2008.  Accepted  15  April  2009. 


Hydrogen  isotopes  vary  regionally  across 
landscapes  and  birds  incorporate  the  region’s 
isotopic  signature  when  feeding  into  their  feathers 
giving  them  their  own  unique  signature  (SDf) 
(Chamberlain  et  al.  1997,  Hobson  and  Wassenaar 
1997).  Theoretically,  the  SDf  value  of  a  fall- 
migrating  bird  can  be  matched  to  isotope  contour 
base  maps  (Lott  and  Smith  2006)  to  identify  the 
origin  of  its  migratory  path.  Chamberlain  et  al. 
(1997)  reported  that  5Df  values  for  Black- throated 
Blue  Warblers  ( Dendroica  caerulescens)  differed 
along  a  latitudinal  gradient  within  North  America; 
5Df  values  were  highest  in  the  south,  particularly 
in  the  southeast,  and  were  more  depleted  to  the 
northwest.  There  are  inherent  problems  in  using 
isotopes  to  identify  origins  of  birds  (Meehan  et  al. 
2003,  Wunder  et  al.  2005,  Lott  and  Smith  2006, 
Ress  2006,  Langin  et  al.  2007). 

We  used  hydrogen  stable  isotopes  to  examine 
differential  migration  of  two  species  of  raptors 
migrating  through  the  Florida  Keys,  USA:  Mer¬ 
lins  {Falco.  columbarius)  and  Northern  Harriers 
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( Circus  cyaneus).  Our  objective  was  to  examine  if 
differences  existed  between  males  or  females  or 
among  years  ( n  =  6)  for  either  8Df  or  standard 
passage  date  (date  each  bird  migrated  through  the 
Keys,  represented  by  capture  date),  and  between 
standard  passage  date  depending  upon  8Df.  We 
tested  for  differential  migration  between  males 
and  females  and  source  populations  (natal  origin, 
represented  by  SDf),  and  inter-year  or  intra-season 
variation  in  migratory  patterns  and  population 
representation. 

METHODS 

Merlins  and  Northern  Harriers  were  trapped 
between  1998  and  2003  in  Curry  Hammock  State 
Park  on  Long  Point  Key,  Florida  (24°  74'  N,  80 
98'  W).  The  banding  station  was  midway  on  the 
island  chain  of  the  Florida  Keys  and  is  operated 
by  HawkWatch  International  as  part  of  a  long¬ 
term  monitoring  program  (Lott  2006).  The 
location  is  near  Long  Key  Channel,  a  3.7  km 
stretch  of  open  water,  where  raptors  become 
concentrated.  Merlins  and  Northern  Harriers  were 
trapped  between  mid-September  and  mid-Novem¬ 
ber  through  use  of  mist-nets,  bow-nets,  and  dho- 
gaza  traps.  Rock  Pigeons  {Columba  livia),  Ringed 
Turtle-Doves  ( Streptopelia  risoria),  and  Java 
Sparrows  ( Lonchura  oryzivora)  were  used  as  lures 
and  manipulated  from  a  camouflaged  blind  to 
attract  attention  of  passing  birds  and  lure  them 
into  nets  (Hoffman  and  Darrow  1992). 

Captured  Merlins  and  Northern  Harriers  were 
taken  into  a  blind  where  age  and  gender  were 
recorded.  Two  to  three  breast  feathers  were  pulled 
from  each  hatch  year  individual  (HY)  and  placed 
in  an  envelope  prior  to  releasing  the  bird.  We  used 
only  feathers  from  first-year  migratory  birds,  and 
are  confident  they  were  grown  in  the  breeding 
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TABLE  1 .  Hydrogen  stable  isotopes  for  Merlins  and  Northern  Harriers  (x  ±  SE  [«]  8Df 
(1998-2003)  of  birds  captured  during  fall  migration  in  the  Florida  Keys,  Florida,  USA. 

values)  by  gender  and  year 

Merlin 

Northern  harrier 

Year 

Female 

Male 

Female 

Male 

1998 

-49.7  ±  11  (14) 

-69.1  ±  4  (17) 

-82.2  ±  4  (3) 

-70.1  ±  4  (4) 

1999 

-70.6  ±  6(11) 

-62.8  ±  7  (10) 

-80.0  ±  6(11) 

-66.9  ±  2  (7) 

2000 

-60.1  ±  7  (10) 

-52.3  ±  7  (10) 

-81.8  ±  4  (3) 

-72.4  ±  4  (6) 

2001 

-44.1  ±  4  (8) 

-46.4  ±  9  (5) 

-79.8  ±  4  (2) 

-75.1  ±  9  (4) 

2002 

-58.5  ±  9  (9) 

-50.3  ±  10  (10) 

-85.5  ±  5  (4) 

-70.2  ±  9  (4) 

2003 

-69.6  ±  5  (9) 

-67.0  ±  7  (7) 

-73.8  ±  10  (7) 

-68.3  ±  7  (5) 

area.  Merlins  and  Northern  Harriers  retain  juve¬ 
nile  plumages  until  spring  of  their  second  year 
(Sodhi  et  al.  1993,  MacWhirter  and  Bildstein 
1996),  and  the  collected  feathers  should  contain 
the  isotopic  signal  of  the  birds’  natal  areas. 

Feathers  were  prepared  at  the  University  of 
Arkansas  Stable  Isotope  Laboratory,  cleaned  in  a 
2: 1  chloroform/methanol  solvent  to  remove  any 
surface  oils,  and  air  dried  in  a  fume  hood  for 
48  hrs.  Approximately  mm  was  cut  from  the 
tip  of  each  feather  (including  shaft  and  vane)  and 
trimmed  to  350  pg  (±  10  gg).  Samples  were 
packaged  into  3.5  X  5  mm  silver  capsules 
(Costech  Analytical  Technologies,  Valencia,  CA, 
USA)  and  sent  to  the  stable  isotope  laboratory  at 
the  National  Water  Research  Institute  in  Saska¬ 
toon,  Saskatchewan,  Canada  for  analysis. 

Samples  were  analyzed  via  online  continuous- 
flow-isotope-ratio  mass  spectrometry  (CF-IRMS) 
following  Wassenaar  and  Hobson  (2002).  Sam¬ 
ples  were  converted  into  gaseous  form  by 
combustion  in  an  elemental  analyzer,  and  relative 
amounts  of  the  different  isotopic  forms  in  each 
sample  were  measured.  Results  are  reported  in  8D 
notation  (8D  sample  =  [(2H/1H  sample)/  (2H/1H 
standard)  —  1]  X  1000  (Peterson  and  Fry  1987), 
i.e.,  the  deviation  of  the  ratio  of  deuterium  (2H)  to 
protium  (1H)  compared  to  the  same  ratio  in  an 
international  standard  (standard  mean  ocean 
water:  v-SMOW;  Faure  1986).  Deviations  of 
isotope  ratios  are  reported  as  parts-per-million 

(%o). 

ANOVA  was  used  to  test  the  effect  of  gender, 
year,  and  standard  capture  date  on  hydrogen 
isotope  values,  as  well  as  the  effect  of  gender  and 
year  on  standard  capture  date.  The  residuals  were 
found  to  be  non-normally  distributed  (Merlins:  W 
=  0.975,  P  <  0.025;  Northern  Harriers:  W  = 
0.956,  P  <  0.033)  and  data  were  ranked  and 
reanalyzed.  A  Scheirer-Ray-Hare  extension  of  the 


Kruskal- Wallis  test  was  performed  on  the  non- 
normally  distributed  data  for  both  species  (Zar 
1999). 

RESULTS 

Samples  were  analyzed  from  120  juvenile 
Merlins,  61  females  and  59  males.  Eight  to  14 
juvenile  female  and  five  to  17  juvenile  male 
Merlins  were  captured  each  year;  annual  mean 
8Df  values  ranged  from  —44.1  to  —70.6  for 
females  and  —46.4  to  —69.1  for  males  (Table  1). 
No  differences  in  feather  deuterium  (8Df)  values 
were  found  between  males  and  females  for 
Merlins  ( H  —  0.49,  P  >  0.50),  and  no  differences 
existed  in  8Df  values  among  years  ( H  =  1.48,  P  > 
0.90).  Values  (8Df)  did  not  differ  with  standard 
capture  date  (H  =  1.14,  P  >  0.25).  Interactions 
among  gender,  year,  and  standard  capture  date  did 
not  differ  ( H  =  2.81,  P  >  0.80),  and  no 
differences  existed  in  capture  dates  by  males 
and  females  (H  =  1.24,  P  >  0.25),  years  (H  = 
1.94,  P  >  0.80),  or  the  interaction  (H  =  1.80,  P  > 
0.80). 

Sixty  juvenile  Northern  Harriers  were  analyzed, 
30  each  for  females  and  males.  Two  to  1 1  female 
and  four  to  seven  male  harriers  were  captured  each 
year;  annual  mean  8Df  values  ranged  between 
—73.8  and  —85.5  for  females  and  —66.9  and 
—75.1  for  males  (Table  1).  No  differences  were 
found  for  8Df  values  between  males  and  females 
(H  =  0.40,  P  >  0.50),  years  (H  =  0.50,  P  >  0.99), 
standard  capture  dates  (H  =  0.99,  P  >  0.50),  or 
interactions  (H  =  1.40,  P  >  0.90).  No  differences 
existed  in  capture  dates  between  males  and  females 
(H  =  0.25,  P  >  0.80),  years  (H  =  0.75,  P  >  0.95), 
or  the  interaction  (H  =  1 .21,  P  >  0.90). 

DISCUSSION 

Merlins  and  Northern  Harriers  did  not  exhibit 
differential  migratory  patterns  between  males  and 
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females,  years,  and  capture  date.  These  results 
imply  the  same  regional  populations  of  raptors  are 
migrating  through  the  Florida  Keys  year  after 
year,  as  8Df  values  were  consistent  across  years. 
Data  from  raptor  migration  monitoring  stations  in 
the  Florida  Keys  may  be  valuable  for  detecting 
population  trends.  Feather  deuterium  values  can 
only  be  linked  to  a  broad  latitudinal  band  on  a 
precipitation  map,  and  it  is  only  possible  to  infer 
that  a  bird  came  from  somewhere  within  this 
latitudinal  region  as  opposed  to  being  able  to 
pinpoint  their  precise  breeding  location. 

Using  stable  isotopes  as  markers  to  identify 
animal  movement  patterns  has  limitations 
(Gannes  et  al.  1997,  Smith  and  Dufty  2005,  Ress 
2006,  Smith  et  al.  2009)  and,  at  a  minimum,  they 
may  be  used  to  detect  differences  in  latitudinal 
origins  at  a  coarse  scale.  Hydrogen  stable  isotopes 
vary  predictably  across  North  America,  decreas¬ 
ing  in  broad  latitudinal  bands  from  southeast  to 
northwest  (Chamberlain  et  al.  1997).  Merlins  and 
Northern  Harriers  from  the  same  latitudes  are 
likely  migrating  through  the  Florida  Keys  each 
year,  suggesting  this  migration  count  may  have 
value  for  monitoring  population  changes  or 
declines  for  these  two  species. 
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Active  and  Passive  Bait-fishing  by  Black-crowned  Night  Herons 

Michael  C.  Gavin1,3  and  Jennifer  N.  Solomon1 2 3 


ABSTRACT. — Previous  research  reports  bait-fishing 
in  seven  different  species  of  ardeids.  Our  observations 
of  Black-crowned  Night  Herons  ( Nycticorax  nycticorax) 
on  the  island  of  Oahu,  Hawaii,  USA  are  the  first  to 
detail  both  passive  and  active  bait-fishing  in  the  same 
species.  These  observations  provide  support  for  the 
hypothesis  that  passive  bait-fishing  is  a  precursor  to 
development  of  active  bait-fishing  methods  in  wading 
birds.  Received  19  March  2009.  Accepted  9  July  2009. 


Multiple  species  of  ardeids  catch  fish  using  bait. 
Active  bait-fishing  involves  birds  identifying  and 
placing  bait  (e.g.,  bread,  insects)  into  water  to 
attract  fish.  For  example.  Green  Herons  (Butorides 
virescens)  (Keenan  1981)  and  Squacco  Herons 
( Ardeola  ralloides)  (Crous  1994)  actively  fish  with 
insects  as  bait.  Striated  Herons  ( Butorides  striata). 
Green  Herons,  and  Goliath  Herons  ( Ardea  goliath) 
also  actively  fish  with  artificial  lures  (e.g.,  flowers, 
feathers,  sticks)  (Norris  1975,  Higuchi  1986, 
Hunter  et  al.  2004).  In  contrast,  studies  report 
Great  Egrets  (A.  alba)  (Lovell  1958)  and  Great 
Blue  Herons  (A.  herodias)  (Zickefoose  and  Davis 
1 998)  passively  use  bait  to  catch  fish.  Passive  bait¬ 
fishing  involves  birds  waiting  by  bait  to  catch  fish, 
but  not  actively  placing  bait  in  the  water  them¬ 
selves  or  actively  manipulating  the  bait. 

Based  on  simultaneous  observations  of  a  Green 
Heron  actively  bait-fishing  and  a  Great  Egret 
passively  bait-fishing,  Lovell  (1958)  suggested 
that  passive  techniques  are  critical  precursors  to 
development  of  active  bait-fishing  ability.  How¬ 
ever,  prior  to  our  observations,  no  studies  have 
reported  both  active  and  passive  bait-fishing  in  the 
same  species. 

OBSERVATIONS 

We  encountered  an  adult  Black-crowned  Night 
Heron  ( Nycticorax  nycticorax)  on  6  January  2009 
foraging  at  the  edge  of  a  pond  on  the  eastern  end  of 
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Ala  Moana  Beach  Park  in  Honolulu.  Hawaii.  A 
passer-by  was  throwing  bread  to  fish  in  the  pond. 
When  bread  landed  in  front  of  the  heron,  either  in 
the  water  or  on  shore,  the  bird  did  not  eat  the  bread. 
The  heron  waded  in  among  the  bread  and  moved  its 
head  from  side  to  side  watching  fish  gather  to  feed 
on  the  bread.  Over  a  10-min  period  the  bird  caught 
three  fish.  After  each  catch  the  heron  returned  to 
shore  to  eat  the  fish  and  then  waited  for  more  bread 
to  be  thrown  before  it  waded  back  into  the  water. 

We  again  encountered  a  Black-crowned  Night 
Heron  on  7  January  2009,  possibly  the  same 
individual,  in  the  same  pond.  No  one  was  feeding 
fish  when  we  approached,  and  the  bird  was 
positioned  atop  a  nearby  tree.  After  15  min  a  small 
group  of  people  began  feeding  fish  at  the  pond’s 
edge.  The  heron  immediately  flew  from  the  tree  and 
waded  into  the  water  next  to  the  bread.  The  bird  did 
not  touch  the  bread,  but  caught  a  fish  within  1  min. 
These  observations  are  the  first  evidence  of  passive 
bait-fishing  in  Black-crowned  Night  Herons. 

We  observed  up  to  four  different  Black- 
crowned  Night  Herons  in  February  2009  bait¬ 
fishing  on  five  occasions  in  the  Hamakua  Marsh 
in  the  town  of  Kailua  on  the  windward  side  of 
Oahu.  Hawaii.  The  northeast  side  of  the  marsh  is 
bordered  by  the  Hamakua  Canal,  a  narrow 
waterway  between  the  marsh  and  a  series  of 
parking  lots.  Passers-by  frequently  feed  birds  and 
fish  at  the  edge  of  one  parking  lot.  On  the  first 
occasion,  bread  was  distributed  on  a  small  patch 
of  grass  at  the  top  of  a  1  m  bank.  A  mixed  group 
of  birds,  including  Common  Pigeons  ( Columba 
livia),  Red-crested  Cardinals  ( Paroaria  coronata). 
Mallards  ( Anas  platyrhynchos ),  Hawaiian  Moor¬ 
hens  ( Gallinula  chloropus  sandvicensis),  and  a 
Black-crowned  Night  Heron  quickly  approached 
the  bread.  The  Black-crowned  Night  Heron  took  a 
piece  of  bread  in  its  bill  and  descended  the  bank  to 
the  edge  of  the  canal.  The  heron  placed  the  bread 
in  the  water  and  then  stabbed  at  it  repeatedly 
breaking  it  into  smaller  pieces.  Within  20  sec  the 
bird  caught  a  fish.  The  heron  then  ascended  the 
bank,  retrieved  another  piece  of  bread  and 
repeated  the  bait-fishing  sequence.  The  heron 
caught  four  fish  within  15  min.  We  also  observed 
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the  heron  place  bread  in  the  water  and  then 
reposition  the  bait  when  it  began  to  float  away. 

On  another  occasion  at  the  same  location,  we 
witnessed  four  different  herons  approach  people 
feeding  birds.  Because  the  herons  gathered  so 
quickly,  we  concluded  these  birds  regularly  fished 
with  bait  at  this  location  and  could  connect  the 
presence  of  people  with  fish  bait.  The  four 
individuals  maintained  at  least  a  3-m  gap  between 
each  other  while  feeding,  through  the  use  of 
aggressive  calls  and  chasing  of  competitors.  The 
birds  used  a  great  deal  of  aggression  when 
encountering  other  Black-crowned  Night  Herons 
within  close  range  either  at  the  water’s  edge  or  at 
the  top  of  the  bank  where  passers-by  distributed 
bread.  The  four  herons  varied  greatly  in  their  bait¬ 
fishing  abilities.  One  individual  was  very  adept  at 
gathering  bread  and  manipulating  the  bread  in  the 
water  (breaking  bread  into  pieces  and  altering  its 
position).  Another  bird  also  gathered  bread  and 
placed  it  in  the  water,  but  rarely  repositioned  the 
bait  and  was  not  seen  to  break  bait  into  pieces. 
The  other  two  Black-crowned  Night  Herons 
present  did  not  actively  use  bait.  Although  bread 
was  tossed  directly  at  the  feet  of  both  birds, 
neither  individual  ever  touched  the  bread.  How¬ 
ever,  all  four  birds  were  successful  in  attempts  at 
passive  bait-fishing.  When  bread  was  thrown  into 
the  water  within  1-2  m  of  any  of  the  four  herons, 
they  lunged  towards  the  bait  to  catch  fish  that 
rapidly  gathered  to  eat  the  bread.  Each  of  the  four 
individuals  caught  multiple  fish  either  with 
passive  or  active  bait-fishing  techniques. 

DISCUSSION 

Bait-fishing  is  one  of  the  few  examples  of  tool 
use  by  birds,  but  appears  to  be  widespread  among 


ardeids  with  seven  different  species  catching  fish 
with  bait.  Prior  to  our  observations,  researchers 
had  reported  only  two  observations  (of  1  adult 
each)  of  Black-crowned  Night  Herons  actively 
fishing  with  bread  (in  an  urban  park  in  California, 
McCullough  and  Beasley  1996;  and  in  a  park  in 
New  Orleans,  Louisiana,  Riehl  2001).  Our 
observations  are  the  first  reports  of  passive  bait¬ 
fishing  in  Black-crowned  Night  Herons.  In 
addition,  our  observations  of  variable  levels  of 
passive  and  active  bait-fishing  in  the  same  species 
support  Lovell’s  (1958)  suggestion  that  passive 
bait-fishing  is  a  precursor  to  more  active  bait¬ 
fishing  techniques. 
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Invasive  Fire  Ants  Depredate  Nest  of  Florida  Scrub-Jay 
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ABSTRACT. — We  observed  depredation  of  a  Florida 
Scrub-Jay  (Aphelocoma  coerulescens)  nest  of  4-day-old 
nestlings  in  April  2008  by  the  red  imported  fire  ant 
(Solenopsis  invicta).  This  exotic  species  is  known  to 
depredate  nests  of  other  avian  species,  but  we  believe 
this  is  the  first  account  of  this  species  of  fire  ant  preying 
upon  young  of  the  Florida  Scrub-Jay.  This  observation 
is  particularly  important,  as  it  entails  an  introduced 
species  directly  reducing  reproductive  success  of  a 
federally  threatened  species.  Received  13  February 
2009.  Accepted  16  April  2009. 


Red  imported  fire  ants  ( Solenopsis  invicta)  are 
increasingly  common  avian  nest  predators.  Fire 
ants  cannot  breach  the  shell  of  an  egg,  but  pipped 
or  cracked  eggs  are  susceptible  to  fire  ant  attack 
(Ridlehuber  1982),  as  are  young  nestlings  and 
chicks.  Many  of  the  observations  of  predation  on 
young  birds  by  this  introduced  species  are  from 
the  southwestern  United  States  (reviewed  by 
Holway  et  al.  2002,  Allen  et  al.  2004).  The 
majority  of  nest  depredation  and  preying  upon 
young  by  S.  invicta  is  of  ground-nesting  species 
(among  others.  Northern  Bobwhite  [Colinus 
virginianus ],  Mueller  et  al.  1999;  Crested  Cara- 
cara  [Caracara  cheriway],  Dickinson  1995;  and 
the  endangered  Least  Tern  [Sterna  antillarum], 
Lockley  1995).  Less  commonly,  S.  invicta  has 
been  observed  depredating  nests  higher  off  the 
ground  (i.e.,  Cliff  Swallow  [Petrochelidon  pyr- 
rhonota],  Sikes  and  Arnold  1986;  Barn  Swallow 
[Hirundo  rustica ],  Kopachena  et  al.  2000;  and 
Black-capped  Vireo  [Vireo  atricapilla ],  Smith  et 
al.  2007).  S.  invicta  has  also  been  reported  to 
consume  pipped  or  cracked  bird  and  turtle  eggs, 
and  young  nestlings  in  Florida  (i.e.,  Florida 
Grasshopper  Sparrow  [Ammodramus  savannarum 
floridanus ],  J.  W.  Tucker  Jr.,  unpubl.  data;  Black 
Rail  [Laterallus  jamaicensis],  Legare  and  Eddle- 
man  2001;  Eastern  Bluebird  [Sialia  sialis ],  Spald¬ 
ing  et  al.  2002;  green  [Chelonia  mydas]  and 
loggerhead  [Caretta  caretta\  sea  turtles,  Allen  et 
al.  2001). 
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Florida  Scrub-Jay  ( Aphelocoma  coerulescens) 
nests  are  most  commonly  constructed  in  Quercus 
species  of  predominately  oak  twigs,  and  are  lined 
with  palmetto  fibers.  The  mean  (±  SE)  nest 
height  is  1.15  ±  0.09  m,  range  —0.5  to  4.0  m 
(Bowman  and  Woolfenden  2002).  Our  observa¬ 
tions  of  the  federally  threatened,  cooperatively 
breeding  Florida  Scrub-Jay  were  at  Archbold 
Biological  Station  (ABS)  in  south-central  Florida 
(Highlands  County;  27°  100'  N,  81°  210'  W, 
elevation  38-68  m).  This  population  of  Florida 
Scrub-Jays  has  been  described  previously 
(Schoech  1996,  Schoech  et  al.  2007).  S.  invicta 
was  first  reported  in  Highlands  County  in  1969 
(Calcott  and  Collins  1996),  and  occurs  infrequent¬ 
ly  in  native  scrub  habitat  of  ABS,  but  is  common 
in  the  improved  pastures  and  roadsides  encroach¬ 
ing  on  high-quality  scrub  (M.  A.  Deyrup,  pers. 
comm.).  We  document  an  instance  of  depredation 
of  the  federally  threatened  Florida  Scrub-Jay  by  S. 
invicta. 

OBSERVATIONS 

At  1808  hrs  EST  on  10  April  2008,  T.  E. 
Wilcoxen  had  finished  a  watch  at  a  Florida  Scrub- 
Jay  nest  as  part  of  a  project  investigating  parental 
behavior.  Following  the  watch,  each  nestling  was 
removed  from  the  nest  and  a  single  toenail  on 
each  was  re-painted,  a  method  used  to  track 
individuals  post-hatching.  The  nestlings  appeared 
healthy  and  no  ants  were  in  the  nest  at  this  time. 
The  nestlings  were  4  days  post-hatch  (fledging  is 
at  —18  days  post-hatch)  and,  were  featherless  and 
quite  small  (between  10  and  20  g).  The  nest  was 
2  m  above  ground  in  an  Inopina  oak  ( Quercus 
inopina),  entangled  with  an  unidentified  species 
of  vine,  at  the  edge  of  native  scrub  habitat  and 
directly  adjacent  to  improved  pasture.  On  1 1  April 
2008  at  0759  hrs  EST,  we  entered  the  same 
Florida  Scrub-Jay  territory  to  check  the  nest  and 
monitor  growth  and  development  of  the  nestlings. 
T.  E.  Wilcoxen  noticed  hundreds  of  ants  stream¬ 
ing  over  the  rim  of  the  nest  and  dead  nestlings 
inside.  The  ants  had  consumed  all  of  the  skin  from 
the  skulls  as  well  as  the  eyes  of  the  nestlings.  The 
male  and  female  scrub-jays  were  still  defending 
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the  nest  with  a  series  of  aggressive  flights  from 
adjacent  trees  to  the  nest  area  and  vocal  scolding. 
Five  ants  were  collected  and  brought  to  the 
invertebrate  ecology  laboratory  at  ABS,  where 
M.  A.  Deyrup  identified  them  as  S.  invicta. 

The  nest  defense,  combined  with  the  observa¬ 
tion  that  all  three  nestlings  appeared  to  be  in  good 
health  and  ants  were  not  present  in  the  nest  14  hrs 
prior  to  our  finding  it  depredated,  suggests  the 
ants  were  responsible  for  the  death  of  the  three 
nestlings.  Several  species  of  ants  have  previously 
been  seen  in  nests  of  this  population  of  scrub-jays 
after  their  eggs  were  abandoned  or  damaged  (T.  E. 
Wilcoxen,  pers.  obs.).  We  believe  this  is  the  first 
documented  account  of  red  imported  fire  ants 
killing  healthy  and  defended  Florida  Scrub-Jay 
nestlings. 
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In  1978,  Maurice  Brooks,  a  former  Secretary 
and  Past-President  of  the  Wilson  Society  wrote  a 
50-year  history  of  the  Society.  In  that  history 
(page  467),  he  wrote:  ' 

“As  I  bring  together  the  memories  of  50  years 
in  the  Wilson  Society,  my  conviction  grows 
that  I  would  have  been  infinitely  poorer 
without  the  contacts  that  it  has  afforded. 
Society-inspired  friendships  have  been  warm 
and  lasting.  I  have  not  ceased  to  marvel  at  the 
succession  of  dedicated  persons  who  seem 
providentially  waiting  in  the  wings  to  take  up 
the  responsibilities  which  the  organization 
must  entail.  We  have  seen,  and  benefited  from, 
a  succession  of  tremendously  capable  and 
devoted  Editors  of  The  Wilson  Bulletin.  Our 
Secretaries  and  Treasurers  have  labored  to 
keep  our  rolls  current  and  our  finances  sound. 
So  have  our  other  officers,  our  Council 
members,  our  Trustees,  and  our  committee 
chairpersons.  We  have  been  well  served  by  a 
lot  of  good  people.” 

The  William  and  Nancy  Klamm  Service  Award 
was  established  in  2006  to  honor  Bill  Klamm’s 


legacy  of  service  as  the  Treasurer  of  the  Wilson 
Ornithological  Society.  This  2009  recipient  in¬ 
spired  us  with  his  service  to  the  Society.  In  March 
2007,  the  Klamm  Service  Award  Committee 
decided  that  the  next  award  should  be  given  to 
Kenneth  C.  Parkes.  Unfortunately,  Ken  passed 
away  in  July  2007.  Because  the  decision  had  been 
made  prior  to  his  death,  the  Committee  decided 
that  Ken  should  be  awarded  the  Klamm  Award 
posthumously;  however,  the  committee  felt  that 
the  award  should  be  made  in  2009  during  the 
WOS  meeting  in  Pittsburgh,  which  was  Ken’s 
home  and  which  would  allow  his  wife,  Ellen,  to 
receive  the  award. 

For  those  of  you  who  did  not  know  Ken,  he 
spent  his  academic  career  at  the  Carnegie 
Museum  as  the  Curator  of  Birds.  He  traveled 
extensively  on  research  and  collecting  trips;  wrote 
prolifically,  especially  on  systematics,  distribu¬ 
tion,  and  feathers,  molts,  and  plumages;  and 
contributed  time  generously  to  ornithological 
organizations.  It  is  for  his  contributions  to  the 
Wilson  Ornithological  Society  that  we  honor  him 
with  this  award. 

In  1946,  Kenneth  C.  Parkes  joined  the  Wilson 
Ornithological  Club  and  remained  active  in  the 
Society  for  more  than  60  years,  often  attending 
meetings  with  his  wife,  Ellen.  He  attended  his  first 
Wilson  meeting  at  Ohio  State  University  in  1947 
as  a  young  graduate  student  from  Cornell.  In 
1952,  he  presented  his' first  paper,  “The  Sharp¬ 
tailed  Sparrow  in  New  York:  A  Reevaluation  of 
the  Races,”  in  Gatlinburg,  Tennessee.  The 
Proceedings  from  that  year  indicate  that  his  talk 
included  slides;  only  about  half  of  the  papers  were 
accompanied  by  slides  or  motion  pictures.  Ken’s 
first  major  service  activity  involved  chairing  the 
Research  Grant  Committee  for  four  years,  begin¬ 
ning  in  1955.  During  the  following  decades,  he 
also  chaired  the  Nominating  and  Resolutions 
committees,  served  on  the  editorial  board,  served 
on  the  Edwards’  Prize  Committee,  and  served  on 
the  local  committee.  In  1966  and  1969,  Ken 
served  as  the  Master  of  Ceremonies  at  the  annual 
dinner,  demonstrating  his  encouragement  for  the 
social  side  of  Wilson.  In  1962,  Ken  was  elected  to 
a  3-year  term  on  Council  and  in  1966  he  was 
elected  to  serve  a  second  3-year  term.  In  1969,  he 
was  elected  Second  Vice-President  and  he  as- 
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cended  through  the  vice-presidency  to  become 
President  in  1973.  During  his  tenure  as  President, 
he  regularly  published  a  “President’s  Page”  in 
The  Wilson  Bulletin  to  discuss  activities  within  the 
Society.  He  also  oversaw  revisions  to  the 
Constitution  and  By  Laws.  After  he  completed 
his  term  as  President,  Ken  continued  to  regularly 
attend  Council  meetings,  be  active  on  committees, 
chair  scientific  sessions,  present  papers,  and  make 
donations  to  the  society,  both  to  the  Van  Tyne 
library  and  to  the  Centennial  Fund. 

What  cannot  be  felt  in  this  history  of  Ken’s 
involvement  with  the  Wilson  Ornithological 
Society  are  the  intangibles.  In  his  history  of  the 
Wilson  Society,  Jerry  Jackson  (1988)  described 
Ken’s  role  in  the  Wilson  Society  as  constantly 
striving  “to  maintain  the  amateur/professional 
balance  in  the  Society  and  to  bring  recognition  to 
the  amateurs  who  have  contributed  significantly 
to  ornithology.”  He  often  worked  behind  the 
scenes,  anonymously,  to  benefit  the  society, 
including  repeatedly  donating  funds  for  the 
Margaret  Morse  Nice  Award.  Many  of  the  Past- 


Presidents  of  the  Wilson  Ornithological  Society 
credit  Ken  with  encouraging  their  development  as 
ornithologists  and  their  involvement  with  the 
Society.  Those  of  us  who  have  served  with  Ken, 
remember  his  support  and  encouragement  despite 
an  expectation  of  excellence,  his  smile  when  he 
saw  old  or  new  friends,  the  sparkle  in  his  eye 
when  he  was  planning  trouble,  and  his  ‘  ‘penchant 
for  telling  it  like  it  is.”  It  is  with  great  admiration, 
respect,  and  appreciation  that  we  award  the  2009 
Klamm  Service  Award  to  Kenneth  C.  Parkes.  The 
Wilson  Society  is  not  the  same  without  our 
friend. — Sara  R.  Morris,  W.  E.  Davis  Jr.,  Jerome 
A.  Jackson,  John  Kricher,  and  Doris  Watt  (Klamm 
Award  Service  Committee). 


LITERATURE  CITED 

Brooks,  M.  1978.  Fifty  years  of  the  Wilson  Ornithological 
Society.  Wilson  Bulletin  90:  464-467. 

Jackson,  J.  A.  1988.  The  Wilson  Ornithological  Society  in 
the  last  third  of  its  first  century:  1956-1988.  Wilson 
Bulletin  100:  632-649. 


The  Wilson  Journal  of  Ornithology  121  (4):850— 86 1 ,  2009 


Ornithological  Literature 

Robert  B.  Payne,  Review  Editor 


OWLS  OF  THE  WORLD.  Second  Edition.  By 
Claus  Konig  and  Friedhelm  Weick.  Yale  Univer¬ 
sity  Press,  New  Haven,  Connecticut,  USA.  2009: 
528  pages  and  72  color  plates.  ISBN:  978-0-300- 
14227-3.  $75.00  (cloth). — Ten  years  after  the  first 
edition  appeared  (and  without  co-author  Jan- 
Hendrik  Becking),  Claus  Konig  and  Friedhelm 
Weick  have  revised  their  book  on  the  world’s 
owls.  As  in  the  first  edition,  Michael  Wink  is  the 
lead  author  of  a  chapter  on  molecular  phylogeny. 
When  George  Barrowclough  and  I  reviewed  the 
earlier  edition  (Auk  118:810-812,  2001),  we  were 
critical  of  the  lack  of  data  from  nuclear  genes  in 
the  phylogeny  chapter  and  of  the  careless 
coverage  of  the  literature  in  the  species  accounts, 
among  other  things.  Wink  et  al.  have  enlarged 
their  cytochrome-b  data  base  and  now  include  two 
nuclear  genes  (RAG-1  and  LDHb)  in  their 
analyses,  which  increase  one’s  confidence  in  their 
proposed  relationships.  Coverage  of  recent  liter¬ 
ature  in  the  introductory  chapters  and  in  the 
species  accounts  remains  inadequate,  as  detailed 
below. 

The  main  introductory  chapter.  Owls:  an 
overview,  is  largely  unchanged,  the  most  conspic¬ 
uous  additions  being  a  statement  that  nightjars  are 
now  believed  not  to  be  the  closest  relatives  of  owls 
(owls  cluster  with  Falconiformes,  excluding  fal¬ 
cons!),  several  new  drawings  of  types  of  feathers, 
and  a  pleasing  suite  of  pen-and-ink  drawings  of  the 
heads  of  adults  and  juveniles  of  16  species.  The 
content  of  this  chapter  is  sound,  but  virtually  all  of 
the  work  on  owls  that  has  appeared  in  scientific 
journals  in  the  last  decade  (or  more)  has  been 
ignored.  Thus,  in  addition  to  not  supplementing 
what  is  known  on  basic  biology  for  many  species, 
no  mention  is  made  of  the  growing  body  of 
research  on  exciting  topics  such  as  genetic 
parentage  (e.g.,  Arsenault  et  al.  2002,  Hsu  et  al. 
2006,  Koopman  et  al.  2007),  natal  and  breeding 
dispersal  (e.g.,  Belthoff  and  Dufty  1998,  King  and 
Belthoff  2001,  Forsman  et  al.  2002),  and  fitness 
correlates  with  plumage  traits  (e.g.,  Roulin  et  al. 
2001,  2003;  Roulin  2004).  The  brief  chapter  on 
conservation  has  not  been  updated  with  the  latest 
information  from  BirdLife  International,  which 
results  in  erroneous  classifications  for  more  than  a 


dozen  species  whose  conservation  status  has 
changed  (usually  for  the  worse)  in  the  last  10  years 
or  so. 

The  taxonomic  changes  are  ground-breaking 
and  provide  the  main  justification  for  purchasing 
the  book.  Wink  et  al.  reorganize  the  Strigidae  into 
three  subfamilies:  Striginae  with  tribes  Bubonini, 
Strigini,  Pulsatrigini,  Megascopini,  Asionini,  and 
Otini;  Surniinae  with  tribes  Surnini  and  Aegolini; 
and  Ninoxinae.  In  total,  250  species  are  treated, 
27  in  Tytonidae  and  223  in  Strigidae  versus  213 
(18  and  195)  in  the  first  edition.  The  increase 
results  mostly  from  splitting,  although  several 
newly  discovered  species  are  included.  Generic 
changes  include  placing  the  Flammulated  Owl 
(Otus  flammeolus)  in  the  resurrected  Psiloscops, 
transferring  the  fishing-owls  from  Scotopelia  to 
Bubo,  and  moving  nine  species  of  Old  World 
owlets  from  Glaucidium  to  Taenioglaux\  all  of  the 
members  of  the  latter  genus  lack  occipital  spots 
(“false  eyes”)  in  addition  to  differing  from 
Glaucidium  in  vocalizations  and  behavior.  The 
number  of  Tyto  species  is  increased  from  17  to  25 
(including  the  American  Barn  Owl  [T.  furcata]), 
the  Sri  Lanka  Bay  Owl  ( Phodilus  assimilis)  is  split 
from  the  Oriental  Bay  Owl  ( P .  badius),  the 
number  of  scops-owls  (Otus)  and  screech-owls 
( Megascops )  has  gone  from  67  to  79,  the  Mexican 
Wood  Owl  (Strix  squamulata)  is  split  from  the 
Mottled  Owl  ( S .  virgata),  the  Lilith  Owl  (Athene 
lilith)  and  Ethiopian  Little  Owl  (A.  spilogastra) 
are  split  from  the  Little  Owl  (A.  noctua),  the 
number  of  Ninox  has  increased  from  20  to  25,  and 
the  Galapagos  Short-eared  Owl  (Asio  galapagoen- 
sis)  is  split  from  A.flammeus.  The  justification  for 
some  of  these  changes  is  not  clear  and  often  has 
not  appeared  in  the  primary  literature,  a  problem 
we  identified  in  our  previous  review.  This  is  not  to 
say  that  the  proposed  splits  are  incorrect,  but 
rather  to  note  that  many  have  not  undergone 
rigorous  peer  review,  and  some  are  unsupported 
by  hard  data. 

Konig  and  Weick  claim  (page  12)  that  the 
“text  and  bibliography  have  been  brought  up  to 
date”  and  the  book  “may  be  used  as  an 
identification  guide  and  as  a  source  of  informa¬ 
tion  on  owl  ecology  and  biology,  especially  for 
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some  of  the  lesser  known  species.”  These 
claims  are  not  accurate.  Very  little  in  the 
species  accounts  has  been  updated,  and  time 
and  again  readers  will  search  in  vain  for  journal 
citations  in  the  list  of  references  at  the  end  of 
each  species  account.  Instead,  the  citations 
continue  to  be  dominated  by  general  works 
such  as  field  guides  and  regional  references  that 
offer  little  or  nothing  in  the  way  of  original 
research  results.  Many  journal  papers  have  been 
added  to  the  main  bibliography,  but  these  papers 
are  not  cited  in  the  appropriate  species  accounts, 
and  most  of  the  information  from  them  has  not 
been  summarized  in  the  accounts.  The  book  falls 
short  as  an  identification  guide  for  the  reason 
the  authors  understand  as  well  or  better  than 
anyone  else  on  earth:  many  closely  related  owl 
species  are  so  similar  in  appearance  that  they 
defy  field  identification  if  one  does  not  hear  and 
recognize  their  vocalizations.  The  CD  of  vocal¬ 
izations  for  a  large  portion  of  the  world’s  owls 
that  was  supposed  to  accompany  the  first  edition 
never  appeared,  and  now  we  have  a  new  edition 
without  this  indispensable  aid  to  identification.  It 
would  have  been  useful  had  the  book  included 
sonograms  for  as  many  species  as  possible, 
given  the  increasing  ability  of  birders  to  digitally 
record  vocalizations  in  the  field  and  then  make 
their  own  sonograms. 

This  should  not  be  taken  to  mean  this  is  a  bad 
book.  Far  from  it.  The  illustrations,  written 
summaries  of  vocalizations,  and  the  proposed 
relationships  are  monumental  achievements  by 
gifted  researchers  who  have  much  to  teach  us 
about  species  limits  in  this  difficult  group  of 
birds  to  study.  But  why  package  the  book  as  a 
source  of  current  information  on  biology  and 
ecology,  and  why  include  list  after  list  of  the 
same  citations  in  the  species  accounts?  Perhaps 
only  the  publisher  can  answer  these  questions. 
On  balance,  I  am  pleased  to  own  a  copy  of  the 
new  edition  and  will  consult  it  often  for 
information  about  rare  and  little-known  species 
and  to  improve  my  understanding  of  species 
limits  in  challenging  genera  such  as  Otus, 
Megascops,  Glaucidium,  and  Ninox.  At  the  same 
time,  I  eagerly  await  the  release  of  the  CD  and 
continue  to  wonder  why  the  shortcomings  of  the 
first  edition  remain  in  the  second. — JEFFREY 
S.  MARKS,  4241  Southeast  Liebe  Street, 
Portland,  OR  97206,  USA;  e-mail:  jeff  1 7_ 
marks@msn.com 
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THE  ECOLOGY  AND  BEHAVIOR  OF 
CHICKADEES  AND  TITMICE:  AN  INTE¬ 
GRATED  APPROACH.  Edited  by  Ken  A.  Otter. 
Oxford  University  Press,  Oxford,  UK.  2007:  xxiv 
+  319  pages.  ISBN:  978-0-19-856999-2.  $110.00 
(hardcover). — Everyone  should  care  about  chick¬ 
adees  and,  at  the  very  least,  a  varied  and  talented 
group  of  researchers  do.  This  edited  volume  of  1 8 
chapters  focuses  largely  on  North  American 
chickadees  and  covers  studies  from  a  wide  range 
of  disciplines  as  diverse  as  neurobiology  to 
thermoregulation  to  landscape  ecology.  This  book 
should  be  of  interest  to  biologists  of  many  stripes: 
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ornithologists,  ethologists,  ecologists,  neurophys¬ 
iologists,  and  evolutionary  and  conservation 
biologists.  The  chapters  are  well-written  compre¬ 
hensive  syntheses  of  research  published  over  the 
past  several  decades,  and  they  hold  together  as 
well  as  or  better  than  most  taxon-specific  multi- 
authored  books.  The  book  is  divided  into  four 
sections,  each  of  which  is  composed  of  3-5 
chapters  and  summarized  by  a  sectional  synopsis. 

The  first  section  of  the  book  starts  with  three 
chapters  focused  on  proximate  causes  of  parid 
behavior,  heavily  emphasizing  the  neurological 
underpinnings  of  spatial  memory,  food  caching, 
and  photoperiodism.  The  section  finishes  with  a 
chapter  on  fine-scale  timing  of  reproduction, 
appropriately  following  the  chapter  on  photoperi¬ 
odism  and  annual  cycles.  If  the  terminology  and 
general  principles  of  neuroanatomy  and  endocri¬ 
nology  are  unfamiliar  to  the  reader,  this  section 
will  likely  be  the  most  challenging  in  the  book.  It 
was  perhaps  with  this  in  mind  that  some  material 
is  repeated  between  chapters  in  this  section  (e.g., 
characterizations  of  the  avian  hippocampus);  the 
slight  repetition  does  allow  each  chapter  to  stand 
alone  more  easily. 

The  second  section  of  the  book  covers  the 
ecology  and  evolution  of  reproductive  behavior  of 
chickadees.  The  section  begins  with  a  compre¬ 
hensive  chapter  on  the  phylogeography  of  Chest¬ 
nut-backed  Chickadees  ( Poecile  rufescens),  which 
is  followed  by  a  chapter  on  the  behavioral  aspects 
of  chickadee  hybridization  (focused  on  the 
Carolina/Black-capped  [P.  carolinensis/P.  atrica- 
pilla]  hybrid  zone  in  Pennsylvania).  These  two 
chapters  feature  some  of  the  more  detailed  genetic 
techniques  in  the  book  (the  former  chapter  more 
than  the  latter),  but  presentations  of  the  analyses 
are  such  that  both  chapters  should  be  accessible  to 
most  readers.  The  chapter  on  hybridization  has  a 
heavy  emphasis  on  the  role  of  vocal  behavior  in 
reproductive  isolation,  which  complements  the 
chapters  in  the  third  section  of  the  book  concerned 
with  vocal  communication.  The  third  chapter  in 
this  section  on  reproductive  ecology  considers  the 
cavity-nesting  behavior  of  chickadees  (mostly 
Mountain  [P.  gambeli ]  and  Black-capped)  and 
examines  nest  site  characteristics  and  interspecific 
interactions  (facilitators,  competitors,  predators) 
of  chickadee  nests.  This  second  section  of  the 
book  closes  with  a  chapter  on  social  dominance 
and  fitness  in  Black-capped  Chickadees,  summa¬ 
rizing  the  voluminous  (and  sometimes  equivocal) 
work  on  establishment  and  maintenance  of 


chickadee  social  hierarchy,  the  behavioral  corre¬ 
lates  of  social  rank  and  the  correlation  of  social 
rank  with  reproductive  success. 

The  book’s  third  section  covers  aspects  of  vocal 
communication  in  chickadees,  beginning  with  a 
useful  introduction  to  vocal  production  and 
perception.  This  is  followed  by  two  chapters 
describing  influences  on  the  development  of 
different  vocalizations  in  the  chickadee  repertoire. 
The  first  is  a  chapter  on  the  “gargle”  call  of 
Black-capped  Chickadees  which  details  the 
acoustic  structure,  development,  function,  and 
variation  across  populations  in  this  complex  call. 
The  second  vocal  development  chapter  considers 
tests  of  hypotheses  about  the  role  of  post-natal 
dispersal  on  song  development  in  Black-capped 
Chickadees.  Following  these  two  chapters  on  vocal 
development  is  an  interesting  chapter  that  reviews 
both  the  early  work  of  the  Hailmans  and  the 
Fickens  in  the  1980s  and  1990s,  along  with  more 
recent  research  on  the  information  content  of  the 
onomatopoetic  “chick-a-dee”  call.  This  section  of 
the  book  closes  with  a  chapter  summarizing 
innovative  work  on  communication  networks  and 
status  signaling  between  male  Black-capped 
Chickadees.  This  chapter  may  be  of  particular 
interest  to  readers  unfamiliar  with  application  of 
interactive  playback  techniques;  the  experimental 
techniques  and  analyses  examining  fitness  out¬ 
comes  (e.g.,  extra-pair  offspring  produced,  fre¬ 
quency  of  cuckoldry)  associated  with  variation  in 
vocal  behavior  are  particularly  compelling. 

Parids  might  not  be  an  obvious  choice  for 
studies  of  conservation  and  landscape  ecology,  (as 
the  editor  notes  in  the  introduction  to  the  fourth 
section),  but  the  chapters  included  in  this  section 
suggest  otherwise.  The  first  chapter  examines 
Black-capped  and  Boreal  (P.  hudsonica )  chicka¬ 
dee  behavioral  responses  to  environmental  varia¬ 
tion  on  multiple  spatial  scales,  from  local  habitat 
patches  to  landscape-scale  gaps  and  corridors. 
This  is  followed  by  a  chapter  which  begins  with  a 
review  of  the  behavioral  and  physiological 
responses  by  resident  parids  to  cold  conditions. 
This  chapter  continues  by  taking  a  broader  view, 
making  interesting  connections  between  habitat 
fragmentation,  wind  and  temperature  microcli¬ 
mate  variation,  and  the  physiological  underpin¬ 
nings  of  overwintering  survival  in  chickadees. 
This  provides  a  transition  to  the  final  chapter  in 
this  section  which  examines  habitat  quality  and 
reproductive  behavior  in  forest  generalists  like 
chickadees  and  tits. 
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The  final  chapter  of  the  book,  a  comparative 
analysis  of  North  American  and  Eurasian  parid 
studies,  stands  outside  the  other  four  sections. 
This  chapter  observes  (as  most  parid  researchers 
already  know)  that  natural  history  traits  differing 
between  the  most  commonly  encountered  (and 
studied)  species  on  separate  landmasses  create 
(and  limit)  the  type  of  research  questions  that  are 
reasonably  investigated  with  parids  on  different 
continents.  The  Great  ( Parus  major)  and  Blue 
(■ Cyanistes  coeruleus)  tits  of  Eurasia  are  secondary 
cavity  nesters  that  do  not  hoard  food,  while  the 
Black-capped  and  Carolina  chickadees  of  North 
America  are  cavity  excavators  that  cache  food  in 
the  winter.  These  characteristics  have  driven  a 
predominance  of  studies  on  optimal  clutch  size  in 
Europe — where  tits  take  to  nest  boxes — and  of 
spatial  memory  in  North  America — where  chick¬ 
adees  cache  food.  The  final  chapter  also  makes 
note  of  some  of  the  larger  questions  left 
unanswered  in  parid  studies,  although  preceding 
chapters  also  denote  a  fair  number  of  explicitly- 
stated  questions  ready  for  further  exploration.  The 
only  minor  limitation  to  the  book  is  a  lack  of  a 
comprehensive  phylogenetic  analysis  of  the  par- 
ids.  The  second  chapter  of  the  book  does  include  a 
reprint  of  the  Gill  et  al.  (2005)  phylogeny,  but 
since  many  of  the  chapters  are  heavily  compar¬ 
ative  in  nature  (e.g.,  Black-capped  vs.  Carolina  vs. 
Boreal  chickadees),  readers  may  regularly  find 
themselves  desiring  a  more  comprehensive  review 
of  Paridae  systematics  for  reference  when  inter¬ 
preting  these  comparative  analyses.  Gill  et  al. 
(2005)  provides  the  most  recent  and  comprehen¬ 
sive  assessment  of  parid  evolutionary  history. 
Without  a  phylogeny  chapter  in  the  book,  readers 
may  want  to  keep  a  copy  of  that  reference  nearby 
(Gill,  F.  B.,  B.  Slikas,  and  F.  H.  Sheldon.  2005. 
Phylogeny  of  Titmice  [Paridae],  Auk  122:  121 — 
143). 

I  used  this  book  as  the  backbone  for  a  semester 
long  discussion  by  a  group  comprising  advanced 
undergraduate  students,  graduate  students,  faculty 
colleagues,  and  research  associates.  Thus,  I  was 
able  to  dedicate  considerable  effort  to  critically 
reviewing  not  only  what  was  written  by  the 
authors,  but  also  the  background  literature  upon 
which  the  chapters  were  based.  The  book  has  a 
limited  amount  of  repetition  and  an  appreciable 
amount  of  agreement  and  synthesis  between 
chapters.  Despite  over  30  contributors,  all  chap¬ 
ters  were  a  pleasure  to  read  and  for  anyone 
remotely  interested  in  ornithological  research,  it 


will  be  inspiring — on  several  occasions  partici¬ 
pants  in  our  parid  study  group  referred  to  chapters 
as  “real  page-turners.”  The  book  is  current, 
comprehensive,  well  written,  well  edited,  and 
insightful. — ALEC  R.  LINDSAY,  Associate 
Professor,  Northern  Michigan  University, 
1401  Presque  Isle  Avenue,  Marquette,  MI 
49855,  USA;  e-mail:  alindsay@nmu.edu 

BOOM  &  BUST:  BIRD  STORIES  FOR  A 
DRY  COUNTRY.  By  Libby  Robin,  Robert 
Heinsohn,  and  Leo  Joseph,  Editors.  CSIRO 
Publishing,  Collingwood,  Victoria,  Australia. 
2009:  xi  +  299  pages,  3  figures,  1  table,  and  12 
black-and-white  illustrations.  ISBN:  978-0-643- 
09606-6.  AUD$39.95  (cloth). — Australia  has  vast 
areas  of  arid  or  semi-arid  land,  the  ecology  of 
which  has  been  profoundly  effected  by  two 
human  invasions,  the  first  about  55,000  years 
ago  by  people  who  managed  the  environment  with 
fire  to  enhance  hunting,  and  the  second  in  the  late 
18th  century  by  Europeans.  These  dry  areas  are 
subject  to  extreme  environmental  variability — 
drought  to  flood — and  are  especially  challenging 
because  of  uncertainty  when  a  resulting  boom  or 
bust  period  will  occur.  This  book  uses  a  selection 
of  bird  species  to  examine  the  range  of  adapta¬ 
tions  that  have  evolved  to  cope  with  an  absence  of 
regular  cyclical  seasons  and  periods  of  rainfall, 
and  the  resulting  irregular  periods  of  boom  or  bust 
for  the  species  that  live  there.  The  authors  of  the 
chapter  “Introduction:  Boom  or  Bust”  note  that 
with  prediction  of  less  rainfall  in  the  future  as  part 
of  climate  change,  people  need  to  understand 
natural  rhythms  of  dry  areas  if  they  are  to 
successfully  manage  anthropogenic  change  in 
the  future. 

The  book  is  divided  into  12  chapters,  the  last  10 
of  which  focus  on  individual  bird  species  and  their 
adaptations  and  ecology  in  an  arid  land.  The 
second  chapter,  “The  Boom  and  Bust  Desert 
World:  A  Bird’s  Eye  View”  provides  an  overview 
of  “...  the  relationship  between  ornithological 
ideas  and  our  understanding  of  deserts,”  and 
reviews  Australian  ornithology  in  the  19th  and 
early  20th  centuries,  and  the  work  of  professional 
ornithologists  in  the  arid  zone.  The  third  chapter 
discusses  the  Black-tailed  Nativehen  (Tribonyx 
[Gallinula]  ventralis),  a  rail  which  irrupts  into  the 
dry  interior  after  substantial  rains  and  retreats 
towards  the  coast  with  drought.  The  fourth  chapter 
discusses  the  Zebra  Finch  ( Taeniopygia  guttata ) 
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whose  reproductive  activities  are  tied  to  seasonal 
pulses  in  grasses.  Chapter  five  describes  the  Grey 
Teal  ( Anas  gracilis)  and  its  extraordinary  ability 
to  locate  temporary  inland  wetlands,  and  its 
nomadic  movements  from  one  ephemeral  food 
source  to  another.  Chapter  six  discusses  the 
Australian  Pelican  (Pelecanus  conspicillatus )  that 
moves  to  the  occasionally  flooded  interior  to  form 
breeding  colonies  of  100,000+  birds,  then  returns 
to  coastal  areas  around  the  country.  The  next  two 
chapters  present  what  is  know  of  the  ecologies  of 
the  nocturnal  Night  Parrot  (Pezopoms  occidenta¬ 
ls)  and  Genyornis  newtoni,  a  275  kg  goose-like 
fossil  bird.  The  chapter  “Rainbirds:  Organising 
the  Country,”  mentions  rainbirds,  a  crane,  and 
several  cuckoo  species  that  arrive  and  are  vocal 
about  the  time  of  early  rains,  but  chiefly  concerns 
Aboriginal  people,  their  ties  to  the  natural  world, 
and  their  adaptations  for  living  in  an  unpredictable 
environment.  The  tenth  chapter  focuses  on  the 
evolution  of  several  species  of  woodswallows 
(Artamidae)  to  emphasize  that  long-term  evolu¬ 
tionary  and  ecological  processes  underlie  the 
boom  and  bust  phenomenon.  The  penultimate 
chapter  “White-winged  Choughs  [Corcorax  mel- 
anorhamphos ]:  The  Social  Consequences  of 
Boom  and  Bust”  follows  this  cooperatively 
breeding,  highly  social  species  through  periods 
of  boom  and  bust.  During  periods  of  boom  they 
live  in  groups  of  up  to  20  birds  that  cooperate  to 
eke  out  a  living  in  a  harsh  landscape.  During 
periods  of  bust  (drought  years),  they  experience  a 
societal  collapse  with  “gang  warfare”  and 
“group-based  power  struggles”  that  the  author 
presents  as  analogous  to  the  behavior  of  human 
societies  that  are  ecologically  stressed.  The  final 
chapter  “Emu:  National  Symbols  and  Ecological 
Limits”  treats  the  Emu  ( Dromaius  novaehollan- 
diae),  which  appears  on  the  Australian  coat  of 
arms,  and  the  name  for  the  professional  journal  of 
Birds  Australia.  It  is  the  quintessential  dry  country 
nomadic  bird,  moving  hundreds  of  kilometers 
from  one  patchily  distributed  resource  to  another 
in  response  to  irregular  rain  and  fire  conditions 
that  control  the  boom  and  bust  cycles. 

This  is  an  attractive  book  with  each  chapter 
beginning  with  a  black-and-white  rendition  of 
mostly  John  Gould  portraits  of  the  focal  bird 
species.  The  chapters  are  generally  well-written 
and  contribute  to  the  goal  of  using  birds  of  the 
dry  country  and  their  adaptations  to  gain 
understanding  of  the  problems  facing  ecosystems 
in  an  unpredictable,  boom  and  bust  environment. 


About  40  pages  of  the  book  consist  of  end  notes 
that  provide  references  and  peripheral  informa¬ 
tion.  A  useful  selected  bibliography  lists  153 
references.  The  authors  include,  in  addition  to 
ornithologists  and  ecologists,  an  archaeologist,  a 
Professor  of  Social  Inclusion,  and  a  historian, 
which  broadens  the  perspective  of  the  book. 
There  are  many  lessons  to  be  learned  in  this 
book  by  those  of  us  who  live  in  the  Northern 
Hemisphere  with  somewhat  regular  annual  cy¬ 
cles,  at  a  time  when  we  move  with  uncertainty 
into  a  period  of  global  warming.  I  found  the 
book  thoughtful  and  informative.  I  recommend 
it — it  is  a  good  read. — WILLIAM  E.  DAVIS 
JR.,  Professor  Emeritus,  Boston  University,  23 
Knollwood  Drive,  East  Falmouth,  MA  02536, 
USA;  e-mail:  wedavis@bu.edu 

BIRDS  OF  THE  HORN  OF  AFRICA:  ETHIO¬ 
PIA,  ERITREA,  DJIBOUTI,  SOMALIA,  AND 
SOCOTRA.  By  Nigel  Redman,  Terry  Stevenson, 
and  John  Fanshawe.  Princeton  Field  Guides, 
Princeton  University  Press,  Princeton,  New  Jer¬ 
sey,  USA.  2009:  496  pages,  213  color  plates,  plus 
distribution  maps.  ISBN:  978-0-691-14345-3.  $40 
(paper). — The  book  describes  and  illustrates  all 
species  of  birds  in  the  region.  The  illustrations  are 
by  John  Gale  and  Brian  Small,  who  also 
illustrated  the  authors’  companion  book  on  Birds 
of  East  Africa  (Stevenson  and  Fanshawe  2009). 
The  present  book  was  written  at  the  same  time  as 
Ash  and  Atkins  (2009)  with  close  coordination 
between  the  authors;  both  books  include  observa¬ 
tions  and  publications  as  recent  as  2009.  The  bird 
names  generally  follow  the  African  Bird  Club 
(ABC)  checklist  (www.africanbirdclub.org). 
Where  other  names  are  in  widespread  use,  as  in 
Birds  of  Africa  or  refer  to  Eurasian  migrant 
species,  these  are  often  used.  The  book  also 
recognizes  26  select  taxa  as  distinct  species  or 
bracketed  incipient  species  with  their  own  English 
names,  where  the  ABC  checklist'  does  not 
recognize  them  as  species.  Where  these  differ 
from  the  names  in  Ash  and  Atkins  (2009),  these 
authors  map  the  ranges  and  name  the  birds  (e.g., 
Northern  Grey-headed  Sparrow  [ Passer  griseus]. 
Parrot-billed  Sparrow  [P.  gongonensis],  and 
Swainson’s  Sparrow  [P.  swainsonif,  all  listed  in 
Ash  and  Atkins  [2009]  as  a  subspecies  of  Grey¬ 
headed  Sparrow  [P.  griseus)).  This  cross  listing 
lessens  the  chance  of  confusion,  because  both 
books  include  and  index  alternative  common 
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names.  Nik  Borrow  contributed  to  the  distribution 
maps  and  Brian  Finch  wrote  the  descriptions  of 
calls  and  songs.  The  book  includes  a  political 
map,  a  detailed  topographic  map,  and  a  map  of  55 
important  bird  areas  and  protected  areas,  a  list  of 
international  and  national  bird  organizations  and 
their  web  sites,  a  detailed  glossary,  and  an  index. 

A  checklist  shows  1,011  species  of  birds  in  the 
Horn  of  Africa.  The  region  has  61  endemic 
species,  and  another  17  species  are  almost 
endemic  with  only  small  ranges  in  neighboring 
countries.  For  the  individual  countries,  Ethiopia 
has  15  species  not  found  elsewhere,  Eritrea  0, 
Djibouti  1,  Somalia  20,  and  Socotra  10.  Two 
species  are  known  from  sight  observations  and 
have  not  yet  been  formally  described  with 
specimens  (Socotra  Buzzard  [Buteo  sp.],  Toha 
Sunbird  [Chalcomitra  sp.]).  Socotra  has  recorded 
surprisingly  many  vagrants  from  southern  Asia. 
The  distribution  maps  are  compact  (25  X  25  mm) 
with  the  species  range  over  shaded  areas  showing 
montane  land  higher  than  1,500  m,  the  elevation 
considered  to  be  montane:  Ethiopia  has  more 
montane  area  above  2,000  m  than  the  remainder 
of  Africa.  In  contrast  to  these  maps,  the  detailed 
distribution  maps  of  Ash  and  Atkins  (2009)  plot 
all  field  observations  and  museum  specimens  on 
latitude-longitude  grids  in  quarter-degree  squares, 
and  Ash  and  Miskell  (1998)  plot  these  in  degree 
squares.  Some  species  are  restricted  to  lowlands 
or  montane  regions  while  others  occur  across 
these  elevational  regions  and  habitat  zones.  Bird 
distributions  are  generally  well  described,  al¬ 
though  the  map  of  Jameson’s  Firefinch  ( Lagono - 
sticta  rhodopareia)  should  include  Eritrea,  where 
the  type  specimen  was  collected  at  Keren. 
Vagrant  and  accidental  records  are  spotted  with 
a  red  X.  Status  as  resident,  intra- African  breeding 
visitor,  non-breeding  visitor  (Palearctic  or  intra- 
African  migrant,  non-breeding  range  of  seabirds), 
and  uncertain  are  indicated  by  map  colors. 

The  book  shows  species  with  a  brief  text  and 
map  on  one  page  and  color  plates  on  the  facing 
page.  The  text  includes  a  description  of  the  bird, 
size,  comments  on  geographic  variation,  habitat 
and  habits,  and  voice,  abundance,  status,  alterna¬ 
tive  common  names,  and  distinctions  from  similar 
species.  The  color  plates  illustrate  all  species,  male 
and  female  where  they  differ,  subspecies  where 
differences  are  apparent  in  the  field,  and  a  few 
juveniles.  Species  are  grouped  to  help  identifica¬ 
tion,  as  in  the  sunbirds,  in  sets  of  restricted  range  (2 
species)  or  plumage  color  (long-tailed,  dark,  black 


and  red,  with  red  breast-bands,  with  maroon  or 
violet  breast-bands,  plain  olive  or  gray,  green  and 
yellow),  or  by  size  and  habitat  (barbets).  The  color 
plates  are  uniformly  useful  for  identification.  The 
22  color  plates  of  diurnal  raptors  are  particularly 
helpful  in  illustrating  several  angles  and  phases  of 
birds  in  flight;  the  color  plate  shows  10  African 
Goshawks  ( Accipiter  tachiro).  The  colorful  map  of 
African  Swallow-tailed  Kite  ( Chelictinia  ricourii) 
(Scissor-tailed  Kite  of  Gill  et  al.  2009)  shows  its 
small  range  in  the  Rift  Valley  as  a  resident,  a  larger 
seasonal  breeding  range  extending  through  the 
north  eastern  Lowlands  to  the  Red  Sea,  and  an  even 
wider  range  to  Somalia,  the  Western  Lowlands  of 
Ethiopia  and  Eritrea  to  Sudan  as  a  non-breeding 
bird.  Bearded  Vulture  ( Gypaetus  barbatus),  typi¬ 
cally  a  montane  bird  above  1,500  m,  rarely 
descends  to  300  m  in  the  Danakil — the  political 
map  shows  the  Danakil  Desert,  the  low-lying  basin 
of  dry  bare  soil  in  northern  Ethiopia. 

Appendices  list  the  endemic  species  and  the 
countries  where  they  occur,  near-endemics,  and 
hypothetical  species  (requiring  confirmation  but 
included,  requiring  confirmation  but  not  included, 
occurring  within  mapping  squares  of  Eritrea, 
Ethiopia,  and  Somalia  but  outside  these  countries 
not  included,  and  species  [2]  no  longer  considered 
valid  not  included).  The  References  cite  50  works, 
mainly  regional  and  systematic  books. 

I  recommend  the  book  to  all  people  with  an 
interest  in  African  birds.  It  sets  a  high  standard  for 
field  guides.  It  will  be  especially  useful  in  field 
observation  and  birding  tours  in  the  Horn  of 
Africa.— ROBERT  B.  PAYNE,  Professor 
Emeritus,  University  of  Michigan,  1306  Grang¬ 
er  Avenue,  Ann  Arbor,  MI  48104,  USA;  e- 
mail:  rbpayne@umich.edu 
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THE  BIRDS  OF  BORNEO,  AN  ANNOTAT¬ 
ED  CHECKLIST.  By  Clive  F.  Mann.  British 
Ornithologists’  Union  Checklist  Series,  Number 
23.  2008:  440  pages,  68  color  plates,  3  tables,  and 
2  maps.  ISBN:  13-978-0-907446-28-6.  $56.00 
(cloth). — An  explosion  of  ecotourism  and  orni¬ 
thological  research  in  Borneo  has  produced  a 
great  deal  of  new  information  on  the  distribution, 
ecology,  and  evolution  of  birds  of  this  once 
remote  and  mysterious  island.  Ecotourism  is 
largely  concentrated  in  the  friendly  and  accom¬ 
modating  Malaysian  states  of  Sabah  and  Sarawak 
on  the  northern  side  of  Borneo.  Bird  research  has 
also  focused  mainly  on  Sabah,  which  features  Mt. 
Kinabalu,  the  highest  peak  in  Southeast  Asia 
(4,095  m),  but  has  been  well  spread  among  the 
other  parts  of  the  island  as  well,  including 
Sarawak,  Brunei  Darussalam  (a  small  country 
between  Sabah  and  Sarawak),  and  Kalimantan 
(the  Indonesian  side  of  the  island  in  the  south). 
Much  of  the  new  information  on  Borneo’s  birds 
was  captured  10  years  ago  with  the  publication  of 
The  Birds  of  Borneo  (Smythies  1999)  and  The 
Ornithology  of  Sabah  (Sheldon  et  al.  2001). 
Mann’s  Checklist  completes  this  process  by 
compiling  copious  site  records  of  species  from 
throughout  the  island. 

The  new  Checklist  is  clearly  the  work  of  long 
dedication.  The  author,  who  lived  in  Brunei  from 
1981  to  1991,  started  working  on  the  project 
25  years  ago  and  his  efforts  have  just  come  to 
fruit.  Unfortunately,  given  its  long  gestation,  the 
project  has  missed  its  prime  window  of  opportu¬ 
nity.  Earlier  BOU  checklists  from  the  region,  such 
as  The  Birds  of  Sumatra  (Van  Marie  and  Voous 
1988)  and  The  Birds  of  Wallacea  (White  and 
Bruce  1986),  were  extremely  timely,  as  was  the 
first  Bornean  checklist  (Smythies  1957).  They 
sorted  out  taxonomic  uncertainties  and  provided 
desperately  needed  information  on  distributions  in 
areas  that  were  poorly  documented.  The  need  for 
a  checklist  of  Borneo  is  not  as  urgent  now  as  we 
have  an  excellent  handbook  (Smythies  1999)  and 
a  field  guide  as  well  (MacKinnon  and  Phillipps 
1993).  The  lingering  taxonomic  problems  (e.g., 
whether  the  White-crowned  Shama  [Copsychus 
stricklandii ]  is  a  different  species  from  the  White- 
rumped  Shama  [C.  malabaricus ])  are  well  recog¬ 
nized  (Dickinson  2003),  and  the  new  Checklist, 
apart  from  providing  some  updates,  makes  no 
pretense  of  resolving  such  thorny  issues.  Still, 
Mann’s  Checklist  is  a  remarkable  piece  of 
scholarship  and  thoroughness,  and  the  mass  of 


information  in  itself  justifies  the  work.  It  helps  set 
the  stage  for  much  needed  research  in  woefully 
understudied  areas,  including  migration,  foraging 
behavior,  breeding  behavior,  and  evolutionary 
history. 

The  Checklist  consists  mainly  of  a  list  of  record 
localities  (with  references)  for  each  species.  These 
records  are  divided  according  to  general  areas  on 
the  island  with  the  large  region  of  Kalimantan 
subdivided  east,  west,  south,  and  central.  Follow¬ 
ing  this  list  are  short  statements  about  habitat, 
breeding  times  and,  at  times,  taxonomy.  There  are 
lots  of  color  plates  of  habitats  and  birds,  and  at  the 
end  is  a  gazetteer  to  help  readers  locate  unfamiliar 
places.  Reading  the  species  accounts  is  not  fun, 
because  of  the  long  list  of  sites,  but  many 
accounts  have  nuggets  worth  digging.  For  exam¬ 
ple,  the  account  of  the  rare  Bornean  Ground 
Cuckoo  ( Carpococcyx  radiceus)  lists  a  remarkable 
number  of  records  from  all  parts  of  Borneo,  and  it 
includes  the  news  that  a  film  exists  of  a  pair  from 
Sabah.  Two  other  rare  species.  Blue-banded  Pitta 
(Pitta  arquata)  and  White-necked  Babbler  ( Sta - 
chyris  leucotis),  are  noted  as  slope  species,  an 
important  insight  into  microhabitat  preference. 
Such  data  and  insights  will  undoubtedly  be  useful 
to  dedicated  students  of  Bornean  birds  and  the 
authors  of  upcoming  field  guides. 

I  spent  considerable  time  reviewing  issues  and 
species  about  which  I  am  particularly  interested  as 
an  old  Borneo  hand.  This  scrutiny  uncovered 
problems,  some  of  which  I  enumerate  here,  but 
readers  should  credit  my  criticism  partly  to 
compulsiveness.  The  Checklist’s  introduction  is 
good,  providing  a  succinct  overview  of  political 
history,  habitats,  and  ornithological  research.  I 
have  already  used  its  list  of  Sabah’s  subspecies 
(page  18)  in  a  publication.  However,  I  was 
disappointed  that  the  ornithological  review,  while 
mentioning  several  trivial  contributors,  left  out 
important  names,  such  as:  Max  Thompson  (1966), 
who  wrote  one  of  the  most  useful  papers  on 
Bornean  birds;  Mark  Leighton  (1982),  who 
produced  a  Ph.D.  on  hornbill  foraging  and 
founded  the  Gunung  Palung  research  program; 
Rob  Moyle,  who  has  been  a  premier  Bornean 
biogeographer  for  a  decade;  and  the  outstanding 
Malaysian  field  men,  Dennis  Yong  and  Alim 
Biun.  The  species  accounts  are  mostly' good,  but 
mistakes  have  crept  in.  A  particularly  egregious 
example  concerns  Grey-breasted  Spiderhunter 
( Arachnothera  modesta )  and  Streaky-breasted 
Spiderhunter  (A.  affinis).  Careful  comparison  of 
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92  specimens  has  shown  that  only  A.  ajfinis  occurs 
in  Sabah  (Sheldon  et  al.  2001).  However,  bird¬ 
watchers  regularly  record  both  species  there 
(probably  because  extreme  sexual  size  dimor¬ 
phism  causes  males  and  females  to  look  like 
different  species).  Mann  has  sided  with  bird¬ 
watchers  in  his  checklist  and  arbitrarily  and 
incorrectly  apportioned  A.  ajfinis  localities  in 
Sabah  between  the  two  species.  Acceptance  of 
birdwatchers’  sight  records  pervades  the  species 
accounts  and  undoubtedly  dilutes  accuracy  when 
birds  are  difficult  to  identify  or  when  desire  for 
one  more  species  has  clouded  judgment.  The 
Checklist’s  gazetteer  also  troubles  me.  Localities 
are  listed  without  attribution,  so  we  do  not  know 
where  the  author  got  the  data.  Moreover,  when  I 
used  the  gazetteer  recently  to  locate  some 
Sarawak  mountains  on  Google  Earth,  Mt.  Dulit 
was  in  the  South  China  Sea  and  Mt.  Murud  well 
into  Kalimantan  (but  Mts.  Pueh,  Penrissen,  and 
Mulu  were  correctly  placed).  These  problems 
aside,  the  Checklist  is  a  massive  piece  of  work 
and  belongs  on  the  shelf  of  any  biologist  working 
in  the  Indo-Malayan  Archipelago. — FREDER¬ 
ICK  H.  SHELDON,  Louisiana  State  University 
Museum  of  Natural  Science,  Baton  Rouge,  LA 
70803,  USA;  e-mail:  fsheld@lsu.edu 
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HUMANS,  NATURE.  AND  BIRDS:  SCI¬ 
ENCE  ART  FROM  CAVE  WALLS  TO  COM¬ 
PUTER  SCREENS.  By  Darryl  Wheye  and 
Donald  Kennedy.  Yale  University  Press,  New 
Haven,  Connecticut,  USA.  2008:  xxvii  +  199 
pages  and  69  plates.  ISBN:  978-0-300-12388-3. 
$37.50  (cloth). — Birds  are  not  the  subject  of  this 
book.  Science  art  is  the  subject.  Wheye  and 
Kennedy  have  produced  an  important  book  that 
uses  artistic  renderings  of  birds  to  illustrate  the 
authors’  unique  perspective  on  the  fusion  of  art 
and  science.  The  colors,  patterns,  and  vivacity  of 
birds  have  attracted  our  attention  since  before 
history.  Who  among  us  has  not  watched  a  hawk 
soaring  against  a  blue  summer  sky  and  not  envied 
its  power  of  flight?  For  millennia  we  have  been 
fascinated  with  birds.  Indeed,  the  abundance  and 
diversity  of  images  of  birds  from  the  owl  carved 
into  the  wall  of  the  Chauvet  Cave  30,000  years 
ago  (plate  2)  to  current  digital  photography  (plate 
58)  prompted  Wheye  to  compile  a  graphic  data 
base  of  birds  in  art  that  explores  the  development 
of  ornithological  science.  The  data  base  was  used 
in  Paul  Ehrlich’s  ornithology  course  at  Stanford 
and  a  modification  of  the  data  base  is  associated 
with  this  book  and  available  online  at  www. 
S  cience  Art-N  ature.org . 

The  use  of  art  to  depict  science  raises  an 
important  question  which  is  embedded  in  the  title 
of  this  book:  what  is  science  art?  Wheye  and 
Kennedy  provide  their  answer  to  this  question  in  a 
brief  preface.  In  the  hope  the  authors  will  approve 
my  even  briefer  summary;  science  art  is  the  fusion 
of  painting,  sculpture,  photography,  or  other  forms 
of  art  that  says  something  about  the  relationships  of 
the  natural  world.  Critically  important  to  a  work  of 
science  art  is  its  explanatory  caption  that  clarifies 
the  underlying  science.  The  book,  “ Humans , 
Nature,  and  Birds”,  is  an  illustration  in  words 
and  pictures  of  science  art  with  the  focus  on  birds. 

The  book  is  laid  out  like  the  guide  one  often 
picks  up  at  the  entrance  to  a  museum  exhibit.  The 
first  half  of  the  book,  the  lower  gallery,  traces 
changes  in  bird  art  through  the  centuries  from  the 
earliest  cave  art  to  the  present.  The  gallery  is 
divided  into  five  rooms  that  look  at  birds  as  icons, 
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resources,  teaching  tools,  research  tools,  and  as 
symbols  for  promoting  conservation.  Each  room 
contains  3-6  works  of  art,  each  with  an  explan¬ 
atory  caption  and  a  brief  commentary  on  the 
science  portrayed  in  the  artwork.  One  proceeds 
from  the  lower  gallery  to  the  mezzanine  where  the 
reader  and  authors  pause  to  reflect  on  aesthetics 
and  how  the  state  of  science  and  the  artist’s 
knowledge  inform  his  or  her  work.  The  second 
half  of  the  book,  the  upper  gallery,  is  divided  into 
five  rooms  in  which  we  are  asked  to  consider 
science  art  as  a  specific  category  of  art:  how  its 
content,  style,  and  medium  interact;  the  impor¬ 
tance  of  captions  to  appreciating  science  art;  the 
opportunities  to  display  science  art  provided  by 
the  bare  walls  of  public  buildings,  especially 
science  buildings;  the  new  public  space  available 
on  the  internet;  and  the  final  room,  which  offers  a 
summary  of  all  that  has  been  discussed. 

Following  the  last  room  is  a  remarkable 
Appendix  that  provides  a  timeline  along  which 
developments  in  art,  technology,  and  ornithology 
are  integrated.  The  Appendix  is  very  different 
from  the  preceding  discussion  of  science  and  art 
in  which  the  authors  have  written  about  their 
thoughts  associated  with  each  plate,  as  it  provides 
a  synopsis  of  events  that  challenges  the  reader  to 
search  for  relationships. 

This  book  is  essentially  a  set  of  short  essays  on 
bird  art  through  the  ages.  The  essays  are  well- 
written  and  thoughtful.  Each  refers  to  the  art  and 
the  science  of  the  work  depicted  in  the  plate. 
Longer  essays  introduce  each  grouping  or  room; 
still  longer  essays  provide  orientation  to  the 
galleries  with  a  long,  thoughtful  essay  on  aesthetics 
and  painting  nature  that  represents  thoughts  on  the 
mezzanine  between  galleries,  the  time  when  one 
stops  and  shares  personal  reflections  on  the  exhibit 
with  a  companion.  For  me  the  book  worked  if  I 
approached  it  as  I  would  a  visit  to  a  gallery.  I 
looked  at  and  thought  about  the  art,  read  some  of 
the  accompanying  text,  proceeded  to  another  piece, 
read  a  bit  more  and  closed  the  book.  Later  I  visited 
the  book  again,  maybe  looked  at  some  of  the  same 
art  and  some  that  I  had  not  looked  at  before,  read 
some  more  and  eventually  finished  the  whole  book. 
During  the  time  between  visits  to  the  book,  I  was 
able  to  turn  over  in  my  mind  the  authors’  ideas 
about  science  art.  I  recommend  the  book  to  all  who 
are  interested  in  art  and  science.  Furthermore,  I 
recommend  that  you  read  it  as  if  making  repeated 
visits  to  a  show  that  will  remain  in  place  for  several 
months.  Between  these  covers  there  is  a  lot  of 


thought  to  absorb  and  enjoy. — EDWARD  H. 
BURTT  JR.,  Department  of  Zoology,  Ohio 
Wesleyan  University,  Delaware,  OH  43015, 
USA;  e-mail:  ehburtt@owu.edu 

AN  INVENTORY  OF  BREEDING  SEA¬ 
BIRDS  OF  THE  CARIBBEAN.  Edited  by 
Patricia  E.  Bradley  and  Robert  L.  Norton. 
University  of  Florida  Press,  Gainesville,  FL, 
USA.  2009:  353  pages,  74  tables,  51  maps,  and 
44  plates.  ISBN:  978-0-8130-3329-7.  $75.00 
(cloth). — Bradley  and  Norton  have  assembled  an 
amazingly  comprehensive  regional  inventory  and 
account  of  22  species,  distributed  among  25  sub- 
regions  (Bermuda  to  South  America).  Chapters 
vary  in  detail  depending  on  the  diversity  of 
species,  currency  of  data,  and  provide  data 
through  2006.  Some  chapters  provide  time  trends; 
in  others,  baseline  data  are  lacking  or  only  semi- 
quantitative.  Chapters  have  a  common  format  and 
a  common  story.  Data  are  arranged  by  species  and 
by  colony  site  within  species.  Tables  provide 
information  on  all  species  for  each  colony  site  or 
island  in  most  accounts.  Many  of  the  authors  have 
long  experience  with  the  birds  and  colonies  they 
summarize,  but  it  is  promising  that  many  relative 
newcomers  are  living  in  the  islands,  offering  the 
promise  of  dedicated  field  work  for  many  years  to 
come. 

There  have  been  other  attempts  to  survey 
Caribbean  seabirds  (including  Halewijn  and 
Norton  1984,  ICBP  Technical  Publication  Num¬ 
ber  2;  Gochfeld  et  al.  1994,  BirdLife  Conservation 
Series  1:186-209;  and  Schreiber  and  Lee  2000, 
Society  of  Caribbean  Ornithology  Special  Publi¬ 
cation  Number  1).  So  why  now  another  treatise 
and  in  book  form?  In  Chapter  1,  the  editors 
explain  “why  now”,  invoking  declines  in  many 
species  as  “an  alarm  call”  and  emphasizing  that 
although  declines  have  been  noted  repeatedly  in 
the  past,  some  are  becoming  critical  as  the 
region’s  human  population  and  tourist  volume 
expand.  Harassed  or  harvested  in  breeding 
colonies  and  hooked,  netted  or  out-competed  for 
food  at  sea,  seabird  species  and  colonies  are 
declining  around  the  world.  John  Croxall’s 
Foreword  avers  that  seabirds  have  declined 
world-wide  faster  than  any  other  group  of  birds, 
while  resources  devoted  to  monitoring  and 
protection  are  negligible. 

Gloom  (but  not  doom)  permeates  the  reports. 
There  is  cause  for  pessimism,  indeed  sadness. 
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Habitat  degradation  by  logging,  introduced  pred¬ 
ators,  and  hunting  for  food  threaten  the  endan¬ 
gered  Black-capped  Petrel  ( Pterodroma  hasitata), 
and  there  is  no  chapter  on  Dominica,  where  a 
relict  population  of  the  petrel  may  survive.  On  the 
optimism  side,  the  increase  of  Cahow  ( Ptero¬ 
droma  cahow)  from  eight  known  pairs  when  re¬ 
discovered  in  1951  to  >  70  pairs  currently  is  both 
exciting  and  sobering.  A  global  population  of  70 
pairs  makes  this  still  one  of  the  world’s  most 
vulnerable  species  which  requires  intensive  on¬ 
going  management 

The  book  emphasizes  that  surveys  to  identify 
new  breeding  sites  and  monitor  populations, 
particularly  for  priority  species  continue  to  be 
important.  Particularly  ambitious  is  anticipation  of 
the  impacts  of  climate  change  on  sea  level  rise, 
increasing  surface  temperature,  and  the  expected 
proliferation  of  tropical  storms.  Some  low  lying 
sites  will  inevitably  be  lost,  while  “innovative  ways 
to  provide  more  secure  habitat  for  nesting  seabirds 
must  be  planned”,  including  artificial  islands. 

Chapter  28  summarizes  the  local,  regional  and 
global  threats  and  Chapter  29  provides  a  readable 
summary  by  species  for  the  entire  region  and 
compares  populations  to  earlier  accounts.  Hale- 
wijn  and  Norton  (1984)  acknowledged  the 
incompleteness  of  their  data.  However,  compared 
with  even  the  incomplete  1984  data,  14  species 
have  declined,  while  four  have  increased  and  four 
seem  stable. 

Methodologic  issues  are  important  as  different 
observers  contribute  to  counts  in  different  years. 
Standardization  of  data  collection  is  desirable. 
Each  species  and  location  poses  its  own  species- 
specific  and  site-specific  constraints  -on  how  well 
breeding  can  be  detected,  numbers  of  pairs 
estimated,  and  success  calculated.  The  availability 
of  experienced  and  trained  (or  trainable)  person¬ 
nel  is  the  first  variable.  Accessibility  by  land,  sea 
or  air  is  a  close  second.  In  retrospect  it  would  have 
been  useful  to  republish  in  this  volume,  the 
extensive  coverage  of  history  and  techniques  by 
Schreiber  and  Lee  (2000). 

Twenty-one  nations  (plus  territories  and  de¬ 
partments)  occupied  by  26  million  people,  are 
represented  in  the  Caribbean.  Some  of  these 
nations  have  no  seabird  protection  laws,  and  none 
has  completely  adequate  regulations  that  protect 
habitats,  create  buffers,  and  place  nesting  colonies 
off  limits  during  the  breeding  season.  The 
catalogue  of  hazards  is  long  and  not  unique. 
Overfishing  threatens  the  food  base,  while  long- 


line  fishing  harvests  unconscionable  numbers  of 
adults.  Neither  is  covered  in  detail  in  this  book. 
Pollution  includes  oil,  sewage,  and  plastics  as  well 
as  organochlorines  and  heavy  metals.  Ecotourism 
is  both  boon  and  bane.  Overflights  by  airplanes 
and  close  approach  by  tour  boats  can  be 
devastating.  Among  ecological  threats  are  inva¬ 
sive  plants  as  well  as  feral  goats  and  rabbits 
threatening  nesting  habitat  on  the  ground,  and 
algal  overgrowth  which  may  in  the  future  threaten 
the  marine  environment,  as  in  the  Mediterranean 
and  Hawaii.  Predation  occurs  mainly  by  humans 
and  by  introduced  cats  and  dogs,  mongoose,  rats, 
and  even  monkeys. 

Bradley  ties  the  volume  together  in  her 
“Conservation”  chapter.  At  present  only  two 
disparate  groups  appear  to  care  about  seabirds — 
those  who  watch  and  worry  about  them  and  those 
who  catch  and  eat  them.  The  adversities  and 
warnings,  repeat  those  of  previous  authors,  but  the 
synthesis  and  suggestions  for  integrating  seabird 
conservation  into  the  policies  of  many  nations  is 
thoughtful,  and  provocative,  if  not  prescriptive. 
Her  governmental  experience  shines  through  as 
she  turns  broad  ideas  into  actionable  proposals. 
She  emphasizes  four  overarching  themes:  capac¬ 
ity  building,  research  and  monitoring,  conserva¬ 
tion  strategies  at  breeding  sites,  and  sustainable 
nature  tourism. 

Ultimately  overpopulation  fuels  other  hazards 
either  directly  or  indirectly.  The  region’s  human 
population  is  expanding,  both  in  numbers  and 
distribution,  as  remote  unoccupied  cays  become 
havens  for  people.  A  universal  theme  is  the  need 
to  establish  protected  areas  first  for  breeding,  then 
for  feeding.  But  protection  is  just  the  first  step. 
Protected  areas  throughout  the  world  are  vulner¬ 
able  to  poaching,  intrusion,  and  even  invasion  by 
settlers.  Manpower  and  will  to  maintain  and 
enforce  protected  status  is  crucial,  particularly  in 
the  face  of  burgeoning  human  populations, 
unrestrained  development,  increasing  demands 
for  land  and  fish,  not  to  mention  local  harvesting 
of  seabirds  and  eggs. 

Tourism  is  a  leading  source  of  revenue  for  most 
of  the  region’s  countries,  but  promoting  ecotour¬ 
ism  for  seabirds  is  a  two-edged  sword.  Imbuing  a 
resource  with  intrinsic  financial  value  (other  than 
for  food),  provides  a  rationale  and  incentive  for 
local  communities  to  protect  the  birds,  while  at 
the  same  time  subjecting  birds  to  new  and 
sometimes  excessive  disturbance.  Balance  is 
crucial. 
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The  data  portions  of  this  volume  will  inevitably 
need  to  be  updated,  at  least  each  decade,  although 
the  historic  and  ecologic  information  in  most 
chapters  form  a  firm  foundation  for  many  years  to 
come.  Maintaining  a  usable  electronic  data  base  is 
certainly  a  crucial  interim  measure.  It  is  gratifying 
to  know  there  is  a  Caribbean  data  base  with  every 
entry  of  at  least  estimated  breeding  pairs  per 
species  x  colony  x  year.  It  has  been  important  in 
seabird  conservation  to  understand  meta-popula¬ 
tions  (Spendelow  et  al.  1995,  Ecology  76:2415- 
2428),  and  this  data  base  will  facilitate  this 
process. 

The  beginning  and  ending  chapters  are  must- 
reads,  and  readers  will  sort  through  the  25 
geographic  accounts  with  greater  or  lesser  enthu¬ 
siasm.  All  authors  seemed  knowledgable  and 
cautious,  although  some  chapters  have  little  recent 
data.  It  is  gratifying  to  read  a  book  where  the 
names  of  species  are  capitalized  (as  in  this 
journal).  Of  the  10,000  plus  species  of  birds,  each 
individual  species  is  a  discrete  entity,  a  proper 
noun,  deserving  capitalization.  This  volume  is 
indispensable  for  seabird  conservationists  any¬ 
where  in  the  world,  for  ornithologists  and 
conservationists  in  the  circum-Caribbean  region, 
and  for  seabird  aficionados  who  as  ecotourists 
may  plan  frequent  trips  to  various  parts  of  the 
Caribbean  to  experience  its  marine  and  coastal 
biodiversity,  including  seabirds  which  are  familiar 
(although  often  overlooked)  signs  and  sounds,  and 
sometimes  smells  of  tropical  islands. — MI¬ 
CHAEL  GOCHFELD  and  JOANNA  BUR¬ 
GER,  Rutgers  University,  Piscataway,  NJ 
08854,  USA;  e-mail:  gochfeld@eohsi.rutgers.edu; 
e-mail :  burger @ biology .rutgers .edu 

Reply  to  Pruett-Jones  Book  Review  of  Tawny 
Frogmouth 

The  purpose  of  book  reviews  is  to  be  a  source 
of  advice  about  the  quality  of  volumes  as  a  guide 
to  prospective  buyers.  While  it  is  to  be  expected 
that  the  perception  of  any  one  reviewer  about  a 
particular  volume  will  vary,  I  respectfully  dis¬ 
agree  in  the  strongest  possible  terms  with  the 
positive  opinions  of  Pruett-Jones  (2009)  in  a 
recent  review  of  Tawny  Frogmouth  (Kaplan 
2007).  My  incentive  to  challenge  the  review  was 
spurred  most  strongly  by  the  final  recommenda¬ 
tion  of  Pruett-Jones  that  the  book  is  valuable  for 
“students  wanting  a  clear,  well  written  summary 


of  the  biology”  of  these  birds.  I  argue  that 
students  should  only  be  allowed  to  read  this  book 
under  supervision  as  a  lesson  about  how  not  to 
write  a  summary  about  the  biology  of  a  species.  I 
have  actually  used  the  book  for  this  purpose 
during  lab  meetings  with  my  honors  and  graduate 
students.  It  represents  an  extreme  disservice 
to  students  who  are  encouraged  by  the  review 
by  Pruett-Jones  to  read  Tawny  Frogmouth  and 
think  that  it  is  an  example  of  a  good  natural 
history  text. 

In  support  of  my  contention,  I  refer  readers  to 
already  published  highly  critical  reviews  (Brigham 
2008,  Ley  2008),  which  provide  numerous  exam¬ 
ples  of  shoddy  proofreading,  grammatical  prob¬ 
lems,  errors  of  fact,  extensive  anthropomorphism, 
and  low  quality  illustrations.  The  authors  of  both 
reviews  independently  agree  that  the  publisher, 
CSIRO  (Commonwealth  Scientific  and  Industrial 
Research  Organization),  did  a  poor  job  insuring  that 
Tawny  Frogmouth  and  other  volumes  in  the  series 
are  of  a  consistent  high  quality.  It  is  noteworthy  that 
half  of  Pruett-Jones’  review  focuses  on  another 
book  in  the  CSIRO  series,  Bowerbirds.  He  is  highly 
critical  of  this  volume  making  me  suspect  (without 
reading  it)  that  it  must  be  atrocious  given  his 
positive  review  of  Tawny  Frogmouth. 

I  specifically  take  issue  with  some  statements 
by  Pruett-Jones  as  illustrations  of  the  limitations 
of  his  review.  He  suggests  that  college  students, 
naturalists,  and  professional  ornithologists  are  the 
correct  audience  for  Tawny  Frogmouth.  Members 
of  all  these  audiences  will  be  highly  suspicious 
when  they  read  that  “seabird  nostrils  filter  out 
salt”,  “bouts  of  torpor  are  used  to  cope  with  heat 
loss”,  and  that  “faeces  are  ejaculated”.  These  are 
but  a  small  sample  of  the  significantenrors  of  fact. 

Pruett-Jones  alleges  that  Tawny  Frogmouth  is 
well  written.  Several  contradictory  examples  in¬ 
clude  Kaplan’s  description  of  egg  laying  as 
‘  ‘consecutive’  ’  (is  there  any  other  way?),  apposable 
versus  opposable  digits,  and  the  repeated  use  of 
Herz  for  Hertz.  Both  Ley  (2008)  and  Brigham 
(2008)  report  numerous  other  examples  of  repeti¬ 
tive,  unclear,  and  unedited  writing.  Students  should 
not  be  encouraged  to  read  a  book  this  poorly  written. 

Pruett-Jones  is  highly  positive  about  the  level  of 
frogmouth  “study”  undertaken  by  Kaplan  to 
gather  material  for  the  book,  whereas  I  view  this 
material  highly  negatively.  The  “data”  presented 
were  ostensibly  collected  during  10  years  of 
“systematic  observation”  of  captive  and  wild 
birds  but  none  of  the  data  appear  in  the  peer- 
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reviewed  literature.  The  number  of  individual 
birds,  number  of  observations,  whether  or  not  birds 
were  individually  marked,  and  which  observations 
were  made  of  wild  versus  captive  individuals  is 
unclear.  I  argue  that  the  ‘data’  are  a  collection  of 
qualitative  anecdotes,  whose  quality  and  accuracy 
are  impossible  to  verify.  Furthermore,  Kaplan 
describes  innumerable  new  or  novel  traits  in 
frogmouths  without  any  citations  to  literature 
which  scientifically  establishes  them.  The  “evi¬ 
dence”  for  many  of  these  traits  comes  from 
Kaplan’s  photographs.  For  example.  Figure  7.7  is 
a  fuzzy  picture  of  a  female  purportedly  showing 
mucous  dripping  from  her  beak.  This  coupled  with 
the  statement  “I  noticed  mucous  dripping,  more 
than  once”  is  the  “evidence”  supporting  the 
contention  that  antibodies  are  transferred  from 
adult  to  chick  via  fluids.  Figure  8.5  is  said  to 
illustrate  how  a  male  looks  “sexually  attractive”. 
The  figure  caption  contends  that  “such  postures 
and  gestures  are  followed  by  mating”  but  there  is 
no  indication  of  the  proportion  of  times  this  pose 
(the  uniqueness  of  which  I  cannot  discern)  is 
followed  by  copulation.  I  am  not  convinced  by 
Kaplan’s  evidence  and  would  not  accept  it  as 
evidence  from  students  either. 

Pruett- Jones  argues  the  book  brings  the  reader 
into  the  biology  of  the  bird  in  part  because  “for 
the  average  bird  watcher  or  field  biologist,  Tawny 
Frogmouths  are  birds  one  seldom  sees,  and  are 
elusive  when  one  is  lucky  enough  to  see  them”. 
This  is  simply  not  true  and  suggests  a  lack  of  first 
hand  knowledge.  Tawny  Frogmouths  are  one  of 
the  most  common  nocturnal  species  in  Australia 


and  occur  across  the  continent  in  virtually  every 
habitat.  In  a  North  American  context,  it  would  be 
equivalent  to  saying  that  Great  Florned  Owls 
{Bubo  virginianus )  are  seldom  seen.  What  is  true 
is  that  frogmouths  are  hard  to  catch,  which  is 
reflected  in  research  papers  with  low  sample  sizes 
(e.g.,  Kortner  et  al.  2000). 

I  strongly  disagree  with  Pruett-Jones’  positive 
statements  about  Tawny  Frogmouth  and  recom¬ 
mend  that  the  only  use  for  it  is  as  a  ‘how  not  to’ 
exercise  for  students.  If  you  really  want  to  learn 
about  these  birds,  read  the  excellent  book  by 
Holyoak  (2001). —  R.  MARK  BRIGHAM, 
Department  of  Biology,  University  of  Regina, 
Regina,  SK  S4S  0A2,  Canada;  e-mail:  mark. 
brigham@uregina.ca 
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PROCEEDINGS  OF  THE  NINETIETH  ANNUAL  MEETING 

JOHN  A.  SMALLWOOD,  SECRETARY 


The  ninetieth  annual  meeting  of  the  Wilson 
Ornithological  Society  (WOS)  was  held  in  joint 
session  with  the  Association  of  Field  Ornitholo¬ 
gists  (AFO)  from  Thursday,  9  April,  through 
Sunday,  12  April  2009  at  the  Hilton  Pittsburgh 
in  Pittsburgh,  Pennsylvania  at  the  invitation  of 
the  National  Aviary  and  Powdermill  Nature 
Reserve,  Carnegie  Museum  of  Natural  History, 
in  partnership  with  the  Three  Rivers  Bird  Club, 
Audubon  Society  of  Western  Pennsylvania,  Du- 
quesne  University,  University  of  Pennsylvania, 
Pennsylvania  Game  Commission,  Western  Penn¬ 
sylvania  Conservancy,  and  the  American  Birding 
Association.  Todd  Katzner,  Director  of  Conser¬ 
vation  and  Research  at  the  National  Aviary, 
chaired  the  local  committee,  which  also  included 
Anthony  Bledsoe,  Jim  Bonner,  Tammy  Colt,  Jean 
Deo,  Erin  Estell,  Mike  Kuzemchak,  Steven  Latta, 
Andrew  Mack,  Brady  Porter,  Brian  Shema,  Poly 
Singh,  Jack  Solomon,  Samara  Trusso,  and  James 
Valimont. 

The  Council  met  from  0916  to  1708  hrs  on 
Thursday,  9  April,  in  the  Brigade  Room  of  the 
Hilton  Pittsburgh.  That  evening  there  was  an 
“ice-breaker”  reception  for  the  conferees  and 
guests. 

The  opening  session  on  Friday  convened  in  the 
Grand  Ballroom  at  0814  with  welcoming  remarks 
from  Todd  Katzner,  WOS  President  James  D. 
Rising,  and  AFO  President  David  N.  Bonter.  After 
several  items  of  information  for  the  conferees, 
David  Bonter  concluded  the  opening  ceremony  by 
introducing  the  plenary  speaker,  Bruce  Beehler, 
who  delivered  a  wonderfully  thought-provoking 
presentation,  “The  forgotten  science — a  role  for 
natural  history  in  the  21st  Century.” 

The  scientific  program  included  54  contributed 
papers  and  62  contributed  posters,  which  were 
organized  into  eight  paper  sessions,  a  poster  ses¬ 
sion,  and  a  symposium  on  remote  and  automated 
technologies  for  monitoring  birds.  In  addition, 
WOS  hosted  the  Margaret  Morse  Nice  Lecture, 
presented  by  the  2009  Nice  Medal  recipient, 
Sidney  A.  Gauthreaux  Jr.,  “Radar  ornithology 
at  different  spatial  scales.”  The  evening  pro¬ 
gram  on  Friday  included  a  reception  at  the 
National  Aviary,  which  coincided  with  the  poster 
session. 


The  Three  Rivers  Bird  Club  hosted  birding 
forays  in  the  vicinity  of  the  conference  site  each 
morning  from  Thursday  through  Sunday.  In 
addition,  longer  trips  were  scheduled  for  Sunday 
to:  (1)  Powdermill  Nature  Reserve,  the  biological 
research  station  of  Carnegie  Museum  of  Natural 
History  with  a  trip  to  Frank  Lloyd  Wright’s 
Fallingwater;  (2)  the  Pittsburgh  Zoo  and  view  of 
downtown  Pittsburgh  from  an  amphibious  tour 
vehicle;  (3)  the  University  of  Pittsburgh  campus, 
home  of  a  breeding  pair  of  Peregrine  Falcons 
( Falco  peregrinus),  and  a  tour  of  the  Carnegie 
Museum  of  Natural  History;  (4)  the  Pymatuning 
Laboratory  of  Ecology  in  northwestern  Pennsyl¬ 
vania;  and  (5)  Moraine  State  Park  and  Lake 
Arthur. 

The  attendees  enjoyed  a  social  hour  prior  to  the 
annual  banquet,  which  was  held  in  the  Kings 
Garden  Room  of  the  Hilton  Pittsburgh.  The 
evening  festivities  included  an  enjoyable  dinner, 
and  afterwards  WOS  President  Rising  and  AFO 
President  Bonter  joined  those  assembled  in  thanks 
to  the  many  persons  whose  hard  work  had  resulted 
in  a  successful  conference.  President  Rising  also 
thanked  the  three  elected  members  of  Council 
who  had  completed  their  terms  of  office,  Carla 
Dove,  Greg  H.  Farley,  and  Daniel  Klem  Jr.,  and 
welcomed  the  three  newly  elected  members  of 
Council,  Mary  Bomberger  Brown,  Mary  Garvin, 
and  Mark  S.  Woodrey,  who  will  serve  the  2009- 
2012  term,  and  another  newly  elected  member  of 
Council,  Mia  R.  Revels,  who  will  serve  the 
remainder  of  a  vacated  2007-2010  term.  The 
following  WOS  awards  and  commendations  also 
were  presented: 

MARGARET  MORSE  NICE  MEDAL 

(for  the  WOS  plenary  lecture) 

Sidney  A.  Gauthreaux  Jr.,  “Radar  ornithology 
at  different  spatial  scales.” 

EDWARD’S  PRIZE 

(for  the  best  major  article  in  volume '120  of  The 
Wilson  Journal  of  Ornithology ) 

Kevin  Winker  and  Gary  R.  Graves,  “Genetic 
structure  of  breeding  and  wintering  populations  of 
Swainson’s  Warbler.” 


862 


ANNUAL  REPORT 


863 


STORRS  L.  OLSON  PRIZE 

(for  the  best  book  review  in  volume  120  of  The 
Wilson  Journal  of  Ornithology) 

Storrs  L.  Olson,  The  Meinertzhagen  Mystery: 
the  life  and  legend  of  a  colossal  fraud.” 

WILLIAM  AND  NANCY  KLAMM 
SERVICE  AWARD 

(for  distinguished  service  to  the  Wilson  Ornitho¬ 
logical  Society) 

Kenneth  C.  Parkes,  awarded  posthumously. 

LOUIS  AGASSIZ  FUERTES  AWARD 

Gustavo  Londono,  “Physiological  and  behav¬ 
ioral  trade-offs  in  avian  incubation  rhythms  along 
an  Andean  elevational  gradient.” 

George  A.  Hall/Harold  F.  Mayfield  Award 

Spencer  Hardy,  “Glaciers  in  Peru  as  high- 
elevation  nesting  and  roosting  sites.” 

PAUL  A.  STEWART  AWARDS 

Ray  Danner,  “Cross-seasonal  natural  and 
sexual  selection  in  a  short  distance  migrant 
(Coastal  Plain  Swamp  Sparrow).” 

Sara  Kaiser,  “Adaptive  significance  of  plas¬ 
ticity  in  hormone-mediated  avian  repro¬ 
ductive  behaviors  (Black-throated  Blue  War¬ 
bler).” 

Julie  Jedlicka,  “Integrating  songbird  conserva¬ 
tion,  community  ecology,  and  insect  pest  man¬ 
agement  in  California  vineyards:” 

Judit  Ungvari-Martin,  “Bird  communities 
along  a  tropical  soil  productivity  gradient:  bot- 
tom-up  effects  examined  by  integrating  ecology, 
behavior  and  genetics.” 

ALEXANDER  WILSON  PRIZE 

(for  best  student  paper) 

Sarah  Pabian,  Pennsylvania  State  University, 
“Calcium  and  forest  bird  habitat  quality.” 

LYNDS  JONES  PRIZE 

(for  best  student  poster  presentation) 

Lauren  Smith,  Ohio  Wesleyan  University, 
“The  geography  of  color  in  parrots.” 

NANCY  KLAMM  BEST  UNDERGRADUATE 
STUDENT  ORAL  PAPER  AWARD 

Malcolm  Rosenthal,  Oberlin  College,  “Loss  of 
brightness  in  American  Goldfinch  bills  in  re¬ 
sponse  to  acute  immune  response.” 


NANCY  KLAMM  BEST  UNDERGRADUATE 
STUDENT  POSTER  AWARD 

Harden  Wisebram,  Oberlin  College,  ‘  ‘Effect  of 
female  bill  color  on  male  parental  contribution  in 
the  American  Goldfinch.” 

WILSON  ORNITHOLOGICAL  SOCIETY 
TRAVEL  AWARDS 

Alyssa  Ackerman,  Franklin  and  Marshall  Col¬ 
lege,  “Influence  of  incubation  temperature  on 
immunological  development.” 

Hubert  Askanas,  University  of  New  Brunswick, 
“The  effects  of  mating  systems  on  physiological 
stress  in  two  closely-related  song  birds:  the 
polygynandrous  Bicknell’s  Thrush  ( Catharus 
bicknelli)  and  monogamous  Swainson’s  Thrush 
(' Catharus  ustulatus).” 

Ian  Ausprey,  Ohio  State  University,  “Post- 
fledging  survivorship  across  an  urbanizing  land¬ 
scape.” 

Bethany  Bashaw  and  Rebecca  Jones,  Hobart 
and  William  Smith  Colleges,  “Sex  and  age 
variation  in  the  fat  stores  and  energetic  condition 
of  spring  migrating  warblers  at  a  Great  Lakes 
stopover  site:  a  test  of  the  breeding  performance 
hypothesis  for  excess  fat  stores.” 

Deanna  Broughton,  Franklin  and  Marshall 
College,  “The  synergistic  effects  of  carotenoids 
and  immune  activation  on  stress  responses  in  the 
Zebra  Finch  ( Taeniopygia  guttata).” 

Jason  Courter,  Eastern  Kentucky  University, 
“Intersexual  similarities  in  provisioning  behavior 
in  an  owl  with  reversed  sexual  dimorphism:  the 
Eastern  Screech-Owl.” 

Jason  Jacobs,  Canisius  College,  “Seasonal 
differences  in  energetic  condition  of  Blackpoll 
Warblers.” 

Brian  Davidson,  University  of  Maryland, 
“Analysis  of  AFLP  locus  introgression  across  a 
hybrid  zone  between  Black-capped  and  Carolina 
chickadees  in  the  central  Appalachians.” 

Elizabeth  Gow,  York  University,  “Evaluation 
of  a  molt-migration  tactic  in  Wood  Thrush, 
Hylocichla  mustelina.” 

Alejandro  Guevara,  University  of  Connecticut, 
“Evolutionary  insights  about  nectarivores’  bill 
structure.”. 

Leslie  Hopke  and  Chi  Kong  Poon,  Hobart  and 
William  Smith  Colleges,  “How  much  fat  is  excess 
fat  in  migrants?  Maximum  distance  predictions  of 
migrants  at  a  Great  Lakes  stopover  site.” 

Joanna  Jack,  University  of  Toronto,  “Investi¬ 
gating  the  association  of  migratory  scrub-breeding 
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landbirds  with  shrubby  habitat  in  Tommy  Thomp¬ 
son  Park,  Toronto.” 

Allyson  Jackson,  College  of  William  and  Mary, 
“Survival  in  a  created  landscape:  radio-tracking 
fledgling  bluebirds  on  golf  courses.” 

Katie  LaBarbera,  Cornell  University,  “Con- 
text-dependence  of  the  relationship  between 
extra-pair  paternity  and  breeding  synchrony  in 
the  House  Wren  Troglodytes  aedon .” 

Michael  Steiner  and  Richard  Riggi,  Hobart  and 
William  Smith  Colleges,  “Do  intercontinental 
and  temperate  migrants  vary  in  their  fat  stores  and 
energetic  condition?  A  test  of  the  insurance 
hypothesis  for  excess  fat  stores.” 

Bethany  Stephan,  Canisius  College,  “How 
does  anthropogenic  disturbance  affect  avian 
communities?” 

Brynne  Stumpe,  Canisius  College,  “Does  the 
Peace  Bridge  affect  bird  behavior?” 

Heather  Szalkowski,  Pennsylvania  State  Uni¬ 
versity,  “The  influence  of  relative  nest  predation 
risk  on  interspecific  variation  in  parental  nest 
defense  behaviors.” 

Maria  Virgilio  and  Quinn  Schara,  Hobart  and 
William  Smith  Colleges,  “Do  meteorological 
variables  and  resource  predictability  explain 
yearly  variation  of  fat  stores  and  energetic 
condition  of  spring  migrants  at  a  Great  Lakes 
stopover  site?  A  test  of  the  insurance  hypothesis 
for  excess  fat  stores.” 

Carl-Adam  Wegenschimmel,  University  of 
Toronto,  “Logging  and  mammalian  depredation 
and  its  potential  impacts  on  Bicknell’s  and 
Swainson’s  thrush  in  northern  New  Brunswick.” 

Selection  committee  for  the  Nice  Medal:  Doris 
J.  Watt  (Chair),  Robert  C.  Beason,  and  Charles  R. 
Blem;  for  the  Edwards  Prize:  Clait  E.  Braun 
(Chair),  James  A.  Cox,  and  Cynthia  A.  Staicer;  for 
the  Olson  Prize:  Clait  E.  Braun  (Chair);  for  the 
Klamm  Service  Award:  Sara  R.  Morris  (Chair), 
Robert  C.  Beason,  William  E.  Davis  Jr.,  Jerome 
A.  Jackson,  and  E.  Dale  Kennedy;  for  the  Fuertes, 
Hall/Mayfield,  and  Stewart  Awards:  Carla  J.  Dove 
(Chair),  Terry  R.  Chesser,  Greg  H.  Farley,  Robert 
C.  Faucett,  Rebecca  L.  Holberton,  Mike  Hooper, 
E.  Dale  Kennedy,  Kevin  McCracken,  Daniel  J. 
Mennill,  Chris  Milensky,  Kevin  E.  Omland,  Matt 
Reudink,  Nathan  Rice,  B.  A.  Schreiber,  Sarah 
Sonsthagen,  Keith  Tarvin,  Margaret  A.  Voss, 
Adreanna  Welch,  James  Whatton,  and  Douglas 
W.  White;  for  the  Alexander  Wilson  Prize,  the 
Lynds  Jones  Prize,  and  the  Nancy  Klamm 
undergraduate  presentation  awards:  E.  Dale  Ken¬ 


nedy  (Chair),  Daniel  Ardia,  Michael  J.  Braun, 
Mary  Bomberger  Brown,  Jameson  F.  Chace, 
Carla  J.  Dove,  Greg  H.  Farley,  Mary  C.  Garvin, 
Margret  I.  Hatch,  Dan  Lambert,  Kathryn  Purcell, 
Mia  R.  Revels,  Keith  Tarvin,  Margaret  A.  Voss, 
and  Douglas  W.  White;  and  for  the  WOS  Travel 
Awards:  Timothy  J.  O’Connell  (Chair),  Dan 
Lambert,  Diane  L.  Neudorf,  and  Mia  R.  Revels. 

COMMENDATION 

WHEREAS  JAMES  D.  RISING  has  served 
admirably  as  President  of  the  Wilson  Ornitholog¬ 
ical  Society  for  the  past  2  years,  and 

WHEREAS  during  his  tenure  the  Wilson 
Society  has  reaffirmed  its  longstanding  commit¬ 
ment  to  supporting  students  through  funding 
research  and  providing  many  opportunities  for 
them  to  participate  in  the  annual  meetings,  and 
RECOGNIZING  that  one  of  his  great  strengths 
is  his  personal  knowledge  of  North  American 
ornithology  and  ornithologists,  and 

RECOGNIZING  that  he  approached  his  posi¬ 
tion  with  infectious  enthusiasm,  THEREFORE 
BE  IT  RESOLVED  THAT  the  Wilson  Ornitho¬ 
logical  Society  offers  its  sincere  gratitude  to  Jim 
for  his  hard  work  and  his  successful  presidency. 

COMMENDATION 

WHEREAS  THE  WILSON  ORNITHOLOGI¬ 
CAL  SOCIETY  AND  THE  ASSOCIATION  OF 
FIELD  ORNITHOLOGISTS  met  jointly  in  Pitts¬ 
burgh,  Pennsylvania,  for  their  2009  annual 
meetings,  hosted  by  the  National  Aviary  and 
Powdermill  Nature  Reserve,  and 

RECOGNIZING  the  hard  work  of  the  Scientific 
Program  Committee,  chaired  by  Robert  C. 
Beason,  in  producing  an  outstanding  program, 
including  two  inspiring  plenary  lectures,  an 
informative  symposium  on  remote  and  automated 
technologies  for  monitoring  birds,  and  a  diverse 
selection  of  oral  and  poster  presentations,  and 
RECOGNIZING  the  tireless  -  efforts  of  Todd 
Katzner  with  support  from  his  hardworking  local 
committee  to  provide  a  comfortable  venue  with 
lush  accommodations,  excellent  meeting  facili¬ 
ties,  warm  hospitality,  and  numerous' opportuni¬ 
ties  for  conferees  to  interact  both  professionally 
and  socially,  and 

RECOGNIZING  their  efforts  have  shown  us 
that  Pittsburgh  indeed  is  a  charming  place  to  visit, 
THEREFORE  BE  IT  RESOLVED  THAT  the 
Wilson  Ornithological  Society  and  the  Associa¬ 
tion  of  Field  Ornithologists  hereby  express  their 
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sincere  appreciation  to  everyone  who  made  this 
conference  a  resounding  success. 

Soon-to-be  WOS  Past  President  Rising  con¬ 
cluded  the  awards  ceremony  by  handing  a 
ceremonial  gavel  to  incoming  WOS  President  E. 
Dale  Kennedy. 

BUSINESS  MEETING 

President  Rising  called  the  annual  business 
meeting  to  order  at  1325  hrs,  Friday,  10  April 
2009  in  the  Grand  Ballroom,  Room  3,  of  the 
Hilton  Pittsburgh.  Noting  that  a  quorum  was 
present,  he  introduced  Secretary  John  A.  Small¬ 
wood,  who  presented  a  synopsis  of  the  previous 
day’s  Council  meeting.  As  of  31  March  2009,  the 
society’s  membership  stood  at  1577  individuals, 
including  193  students  and  63  new  members  of  all 
membership  categories.  While  the  renewal  cycle 
was  still  underway,  at  that  time  the  retention  rate 
was  83%.  In  addition,  290  libraries  and  institu¬ 
tions  subscribed  to  The  Wilson  Journal  of 
Ornithology.  Secretary  Smallwood  then  asked 
those  assembled  to  stand  in  recognition  of  the 
following  members  who  were  recently  deceased: 
Jon  Barlow  (Toronto,  ON),  Alan  Keast  (Kingston, 
ON),  Damien  Marx  (Boca  Raton,  LA),  and 
Eleanor  Robbins  (Laurel,  MD). 

Secretary  Smallwood  then  reviewed  for  those 
present  the  research  awards  offered  by  the  Wilson 
Ornithological  Society  and  their  levels  of  funding. 
Paul  A.  Stewart  Awards  are  for  research  on  the 
movements  of  birds  based  on  banding  with  an 
emphasis  on  economic  ornithology.  Up  to  four 
awards  of  $500  have  been  given  annually.  A 
single  George  A.  Hall/Harold  F.  Mayfield  Award 
of  $1000  has  been  given  annually  to  nonprofes¬ 
sionals,  including  deserving  high  school  students, 
who  do  not  have  access  to  support  from  academia 
or  government  agencies.  The  most  prestigious 
WOS  research  award,  the  Louis  Agassiz  Award,  is 
available  to  all  ornithologists  but  with  preference 
to  graduate  students  and  those  early  in  their 
careers.  One  award  of  $2500  has  been  presented 
annually.  The  WOS  Council  has  begun  to  re¬ 
assess  the  funding  levels  we  offer,  and  Secretary 
Smallwood  was  pleased  to  announce  that  as  the 
first  step  in  this  re-assessment,  Council  authorized 
the  Research  Award  Committee  next  year  to  make 
up  to  eight  (instead  of  4)  -Stewart  Awards  at  the 
$500  level,  and  two  (instead  of  1)  Fuertes  Awards, 
both  at  the  $2500  level. 

Secretary  Smallwood  then  reiterated  the  So¬ 
ciety’s  commitment  to  encourage  students  to 


participate  in  our  meetings  and  to  make  presen¬ 
tations  in  our  scientific  programs.  In  addition  to 
discounted  rates  for  registration,  we  also  offer 
travel  awards.  This  year  the  Wilson  Travel 
Awards  Committee,  chaired  by  Timothy  J. 
O’Connell,  provided  a  total  of  $5000  to  25 
students,  including  all  the  undergraduate  appli¬ 
cants.  The  WOS  also  provides  free  banquet  tickets 
to  all  student  presenters,  and  a  free  1-year 
membership  to  those  students  who  have  not  yet 
joined  the  society. 

Finally,  Secretary  Smallwood  announced  that 
Council  had  unanimously  re-elected  Clait  E. 
Braun  as  Editor  of  The  Wilson  Journal  of 
Ornithology,  and  expressed  Council’s  deep  appre¬ 
ciation  to  Editor  Braun  for  producing  a  journal  of 
such  high  quality. 

Secretary  Smallwood  then  introduced  Treasurer 
Melinda  Clark,  who  summarized  the  Treasurer’s 
report,  who  in  turn  introduced  Clait  E.  Braun,  who 
summarized  the  Editor’s  report.  The  written  reports 
of  the  Treasurer  and  the  Editor  are  included  below. 

Sara  R.  Morris,  Chair,  presented  the  report  of  the 
Nominating  Committee,  which  also  included 
Robert  C.  Beason,  Edward  H.  Burtt  Jr.,  and 
Timothy  J.  O’Connell:  President,  E.  Dale  Ken¬ 
nedy;  First  Vice-President,  Robert  C.  Beason; 
Second  Vice-President,  Robert  L.  Curry;  Secretary, 
John  A.  Smallwood;  Treasurer,  Melinda  Clark; 
Members  of  Council  for  2009-2012  (3  nominees 
for  3  positions),  Mary  Bomberger  Brown,  Mary 
Garvin,  and  Mark  S.  Woodrey;  and  a  1-year 
replacement  (2009-2010)  for  a  vacant  Council 
seat,  Mia  R.  Revels.  Having  asked  for  additional 
nominations  from  the  floor  and  hearing  none. 
President  Rising  closed  the  nominations  as  a  result 
of  a  motion  by  Tim  O’Connell,  seconded  by  Scott 
Sutcliff,  that  was  unanimously  passed  by  voice 
vote.  Further,  John  Kricher  moved  and  Bob  Beason 
seconded  that  the  Secretary  cast  a  single  unani¬ 
mous  vote  for  the  slate  of  nominees,  and  by 
acclamation  it  became  so. 

Mark  Deutschlander,  host  of  the  2010  meeting, 
delivered  an  informative  presentation;  the  meeting 
will  take  place  in  Geneva,  New  York,  20-23  May. 
In  2011,  the  Wilson  Ornithological  Society  will 
meet  jointly  with  the  Association  of  Field 
Ornithologists  and  the  Cooper  Ornithological 
Society,  9-13  March,  in  Kearney,  Nebraska,  at 
the  invitation  of  Mary  Bomberger  Brown.  The 
meeting  is  scheduled  to  coincide  with  the  spring 
passage  of  Sandhill  Cranes  ( Grus  canadensis),  and 
Mary  presented  a  short  video  on  this  amazing 
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spectacle.  Finally,  WOS  President  Rising  and  First 
Vice-President  Kennedy  updated  those  present  on 
plans  for  the  Fifth  North  American  Ornithological 
Conference  in  Vancouver,  British  Columbia,  14- 
18  August  2012. 


Having  completed  the  business  at  hand.  President 
Rising  inquired  if  any  of  those  assembled  had 
additional  items  of  business.  None  did.  Instead, 
John  Kricher  moved  and  Tim  O’Connell  seconded 
that  we  adjourn.  This  happened  at  1347  hrs. 


REPORT  OF  THE  TREASURER 


Statement  of  Revenues  and  Expenses  for  the  Year  Ending  31  December  2008 


2008 

12  Months 

Actual 

2008 

Annual 

Budget 

2009 

Annual 

Budget 

Revenues 

Contributions 

$  2,561 

$  1 ,200 

$ 

1,800 

Student  Travel  Research  Fund 

500 

- 

300 

Van  Tyne  Library  Book  Fund 

110 

- 

100 

Sales  -  back  issues 

218 

518 

240 

Sales  -  books  -  Van  Tyne  Library 

774 

500 

600 

Subscriptions 

12,238 

17,317 

15,100 

Page  charges 

32,265 

15,506 

18,400 

Royalties 

1,119 

3,409 

4,230 

BioOne  Electronic  Licensing 

22,489 

10,760 

17,000 

Mailing  list  rental  income 

261 

660 

222 

Memberships 

Other  income 

27,072 

31,332 

37,000 

3,500 

Total  revenues  from  operations 

Expenses 

$  99,607 

$  81,202 

$ 

98,492 

Journal  publication  costs 

Editorial  honorarium 

Editor  travel 

$  4,000 

1,343 

$  4,000 

$ 

4,000 

1,700 

Editor  supplies/Mailings 

2,607 

1,000 

1,700 

Editorial  assistance 

17,920 

25,000 

24,000 

Copyright  expense 

- 

48 

100 

Printing  -  bulletin 

87,714 

64,400 

100,000 

Artwork 

550 

- 

1,000 

Printing  color  plates 

3,436 

2,400 

3,600 

$  117,570 

$  96,848 

$ 

136,100 

Operating  expenses 

Postage  &  mailing  -  back  issues 

$ 

$  440 

$ 

440 

Storage  back  issues 

236 

680 

350 

Van  Tyne  Library  -  expenses 

1,116 

1,500 

1,000 

OSNA  management  services 

11,985 

21,000 

24,300 

Credit  card  fees 

1,576 

1,100 

2,200 

Travel  expenses-OSNA  rep 

- 

1,500 

1,500 

Travel  expenses  -  general  and  Treasurer 

450 

800 

Travel  expenses-Ornith  Council 

130 

200 

300 

Meeting  expenses 

3,094 

1,000 

• 

3,750 

Membership  expenses 

- 

2,000 

2,000 

Accounting  fees 

4,421 

4,500 

4,500 

Insurance  -  D&O 

1,475 

1,425 

1,650 

Office  supplies 

305 

570 

500 

Postage  -  general 

- 

260 

200 

Other  expenses 

- 

35 

160 

Filing  fees 

10 

5 

5 

Discretionary  expenses 

- 

3,000 

3,000 

$  24,348 

$  39,665 

$ 

46,655 
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Awards 

&  aj 

Student  banquet 

$ 

$ 

$ 

1,200 

it  isai 

Membership  awards 

- 

600 

600 

M  ^'rVj  1 

Hall/Mayfield 

- 

1,000 

1,000 

Stewart 

2,000 

3,000 

3,000 

Fuertes 

2,500 

2,500 

2,500 

Klamm  service  award 

2,000 

Wilson,  Lynds  Jones,  Klamm 

700 

1,200 

700 

Student  travel  grants 

7,775 

5,000 

9,000 

Nice  award  expenses 

2,553 

3,000 

3,000 

$  15,528 

$ 

16,300 

$ 

21,800 

1 

Contributions 

i.w|  ] 

Support  -  Ornith  Council 

$  9,270 

$ 

9,000 

$ 

9,300 

n  i  j 

Support  -  Ornith  Council,  restricted  to 

- 

- 

- 

revision  costs 

Am  Bird  Conservancy  Dues 

250 

- 

{  !l| 

AAZN  dues 

250 

250 

i; 

$  9,270 

$ 

9,500 

$ 

9,550 

‘I 

Total  Expenses 

$  166,716 

$ 

162,313 

$ 

214,105 

Expenses  in  excess  of  revenues  before 

$  (67,109) 

$ 

(81,111) 

$  (115,613) 

Bill 

investment  income 

P 

Investment  activity 

V’  j 

Revenues 

Investment  earnings  -  budgeted 

$ 

$ 

- 

$ 

Realized  gain/loss  -  ML 

27,081 

23,612 

35,000 

Realized  gains/losses-Howland 

(28,651) 

18,968 

40,000 

Realized  gains/losses  -  Sutton 

(2,905) 

5,812 

5,300 

Unrealized  gain/loss  -  ML 

(300,980) 

36,722 

21,000 

Unrealized  gain/loss  -  Howland 

(380,946) 

29,887 

5,000 

Unrealized  gain/loss  -  Sutton 

(61,206) 

4,794 

9,800 

Investment  earnings  -  ML 

41,760 

20,000 

27,000 

Investment  earnings  -  Howland 

32,695 

25,000 

63,000 

□ 

Investment  earnings  -  Sutton 

3,673 

4,200 

3,900 

IjflflJ 

Total  revenues  from  investment  activity 

$  (669,479) 

$ 

168,995 

$ 

210,000 

! 

Investment  fees 

$  14,366 

$ 

25,091 

$ 

28,500 

iDiOOOj 

Investment  revenues  in  excess  of  expenses 

$  (683,845) 

143,904 

$ 

181,500 

Total  revenues  in  excess  of  expenses 

$  (750,954) 

$ 

62,793 

$ 

65,887 

■ 

STATEMENT  OF  FINANCIAL  POSITION 

5  n 

31  December  2008 

0 

Assets 

uj 

Cash  Investments: 

ijOj 

Merrill  Lynch  -  cash 

$  66,802 

jjOO 

Coamerica  -  Van  Tyne  checking 

997 

$j 

Van  Tyne  Univ  Michigan  account 

637 

4 

Sutton  Fund  -  cash  equivalents 

14,824 

Howland  Mgmt  -  cash  equivalent 

256,236 

Total  cash  and  cash  equivalents 

$  339,496 

ijD 

Other  Investments: 

1.650j 

Merrill  Lynch  -  common  stocks 

500,540 

Merrill  Lynch  -  corp  bonds  ' 

20,600 

Merrill  Lynch  -  mutual  funds 

69,821 

Sutton  Fund  -  equities 

107,180 

Sutton  Fund  -  corp  bonds 

6,500 

Howland  Mgmt  -  equities 

986,889 

\  ; 
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Howland  Mgmt  -  fixed  income 

Total  Other  Investments 
Total  Assets 

Fund  Balances 

Restricted  funds  -  Sutton  Fund 

Unrestricted  funds 
Net  Income 

Fund  balance  -  Klamm 
Total  Fund  Balances 


EDITOR’S  REPORT 

We  received  175  new  manuscripts  in  2008 
versus  190  in  2007.  Five  manuscripts  received  in 
2008  were  published  in  Volume  120  as  we 
continued  to  reduce  the  backlog  of  manuscripts 
waiting  for  publication.  Most  of  the  backlog  was 
cleared  by  the  end  of  2008  as  the  result  of  Council’s 
decision  to  increase  the  number  of  pages  published. 
All  four  issues  had  frontispiece  art  for  the  lead 
paper  in  2008  and  were  published  on  schedule. 

Acceptance  rates  have  declined  since  2006  and 
are  approaching  55%.  Further  reduction  in 
acceptance  rates  will  depend  upon  solid  and 
careful  reviews  by  referees.  The  peer  review 
process  can  be  quick  but  usually  is  slow  as  it  takes 
time  for  reviewers  to  agree  to  review  a  manu¬ 
script,  and  then  actually  read  and  return  it.  We 
have  contacted  as  many  as  12  potential  referees 
before  finding  two  who  were  willing  to  serve  as 
reviewers.  This  slows  movement  of  manuscripts. 
The  other  cause  of  delays  is  authors  failing  to 
return  their  manuscript  in  a  timely  manner.  We  do 
not  have  a  set  time  period  in  which  manuscripts 
are  to  be  returned  in  the  year  of  submission.  We 
do  try  to  speed  older  manuscripts  along  by 
sending  queries  about  their  status  on  1  January 
each  year  and  providing  a  date  for  a  response. 
Once  a  first  revision  is  received  in  our  office,  time 
to  a  final  decision  can  be  as  quick  as  1-2  days. 

We  continue  to  use  a  combination  of  electronic 
and  U.S.  Postal  Mail  as  in  the  past  several  years. 
All  potential  referees  are  contacted  using  e-mail, 
and  we  respond  to  authors  and  referees  by  e-mail. 
We  encourage  all  reviewers  to  use  electronic  mail 
but  still  have  some  reviewers  who  prefer  to 
receive  and  or  return  marked  paper  copy.  All 
authors  from  outside  of  North  America  (Canada 
and  USA)  are  encouraged  to  submit  manuscripts 
as  an  electronic  file.  Returns  of  revisions  after  the 
first  are  encouraged  electronically.  We  could  ask 


99,637 
$  1,791,167 
$  2,130,663 

$  128,504 

1,410,351 

(750,954) 

659.397 
1,342,762 
$  2,130,663 

Melinda  Clark,  Treasurer 

all  authors  to  send  their  manuscripts  electronically 
but  we  invariably  need  a  paper  file  causing  us  to 
print  a  copy.  Most  of  the  papers  accepted  and 
published  are  from  North  America  but  The  Wilson 
Journal  of  Ornithology  continues  to  be  a  desirable 
outlet  for  research  conducted  in  Central  and  South 
America,  as  well  as  China,  Israel,  Pakistan,  India, 
Australia,  New  Zealand,  and  Indonesia.  However, 
many  of  these  papers  had  North  American  authors. 

Our  largest  concerns  relate  to  timely  and 
thorough  peer  review.  Referee  selection  takes 
the  largest  amount  of  time  followed  by  slow 
return  of  comments  by  referees.  Allen  Press 
continues  to  produce  a  quality  product  and  is 
very  helpful.  My  thoughts  about  editing  have  not 
changed  since  my  2007  Report.  Editing  the  WJ0 
really  is  at  least  a  three-quarters  position  in 
addition  to  a  full  time  Editorial  Assistant. 

Clait  E.  Braun,  Editor 

The  reports  of  the  standing  committees  are  as 
follows: 

REPORT  OF  THE  JOSSELYN  VAN  TYNE 
MEMORIAL  LIBRARY  COMMITTEE 

I  am  pleased  to  submit  this  report  of  the 
activities  at  the  Josselyn  Van  Tyne  Memorial 
Library.  The  following  happened  for  the  period  1 
January  through  31  December  2008  with  respect 
to  the  library. 

Loans 

Number  of  loans:  21;  number  of  members  to 
whom  loans  were  sent:  12;  number  of  photocopies 
or  scans  provided:  45  articles. 

Acquisitions 

Exchanges:  A  total  of  138  publications  was 
received  by  exchange  from  107  organizations  or 
individuals. 
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Gifts:  We  received  29  publications  from  25 
organizations. 

Subscriptions:  We  also  received  30  publications 
from  22  subscriptions.  We  spent  a  total  of  $844.17 
on  subscriptions  in  2008. 

Donations:  A  total  of  153  items  was  received 
from  members  and  friends:  these  included  21 
books,  108  journal  issues,  and  24  reprints. 

Donors:  R.  Beason,  J.  Craves,  B.  Goudge,  P. 
Mattocks,  and  B.  Murray. 

Purchases:  seven  journal  issues,  one  CD,  and 
three  books,  for  $330.34  plus  $194.00  in  credit 
from  Buteo  Books. 

Dispersal 

Gifts  to  Other  Institutions:  250  journal  issues 
were  donated  to  The  Peregrine  Fund  library,  five 
journal  issues  were  donated  to  the  Koenig 
Museum,  Germany,  two  issues  were  sent  to 
Rouge  River  Bird  Observatory. 

Duplicates:  seven  books  were  sold  for  $165.00 

Other  Items 

1 .  The  Condor  and  The  Auk  have  cancelled  their 
library  exchanges;  WOS  Librarian  Janet 
Hinshaw  feels  that  the  library  should  have 
hard  copies  of  those  journals  for  archival 
purposes.  Can  we  exert  some  friendly  pres¬ 
sure  on  those  organizations  to  get  those 
exchanges  restored? 

2.  The  Google  scanning  project  will  be  starting  to 
scan  the  Museum  Library  holdings  soon.  All 
catalogued  items  in  the  Bird  Division/WOS 
library  will  be  scanned.  It  remains  to  be  seen 
how  much  access  we  will  have  to  those  scans, 
until  Google  settles  things  with  publishers. 

Accessibility  on  the  Web 

Web  site:  The  web  site  (http://www.ummz. 
umich.edu/birds/wos/)  continues  to  provide  access 
to  the  library.  Journals  currently  received  are 
listed  on  the  site  as  well  as  how  to  access  the 
University  of  Michigan’s  on-line  catalogue,  which 
interested  people  can  use  to  check  holdings. 

Books  for  Sale:  We  have  our  duplicate  books 
for  sale  listed  on  the  web  site. 

Journals  for  Trade:  Also  listed  on  the  web  site 
are  the  journals  we  have  available  for  sale  or 
trade. ' 
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REPORT  OF  THE 
PUBLICATIONS  COMMITTEE 

The  WOS  Publications  Committee  with  mem¬ 
bers  Dick  Banks,  Clait  Braun  Mary  B.  Brown 
(chair),  Mike  Hamas,  and  Fred  Lohrer,  addressed 
three  major  issues: 

Should  the  page  size  of  The  Wilson  Journal  of 
Ornithology  be  increased? 

The  Wilson  Journal  of  Ornithology  (and 
previously  The  Wilson  Bulletin)  measures  —254 
by  175  mm  (10  inches  tall  by  7  inches  wide). 
There  is  currently  a  trend  in  publishing  to  increase 
the  page  size  of  journals.  This  is  intended  to 
increase  the  number  of  manuscripts  that  can  be 
published  in  the  same  number  of  printed  pages, 
giving  more  authors  the  opportunity  to  publish 
their  work  in  a  timely  manner.  Larger  page  sizes 
give  editors  more  options  to  efficiently  size  and 
compose  tables  and  figures.  While  admirable, 
these  benefits  do  have  potential  consequences  for 
the  journal.  If  the  Editor  does  not  have  a  sufficient 
number  of  quality  submissions  in  hand  when  the 
issue  goes  to  the  printer,  the  issue  may  be  thin  and 
the  amount  of  blank,  white  space  likely  will 
increase.  Changing  the  size  of  a  journal  can 
present  librarians  with  difficulties  when  they  are 
allotting  shelf  space  for  journal  storage  and  when 
they  are  binding  issues  into  volumes. 

Recommendation'.  The  Publications  Committee 
currently  sees  no  compelling  reason  to  increase 
the  page  size  of  the  WJO. 

Should  The  Wilson  Journal  of  Ornithology 
cease  publishing  a  hard  copy  annual  index? 

The  Wilson  Journal  of  Ornithology  (and  previ¬ 
ously  The  Wilson  Bulletin )  publishes  the  annual 
index  in  the  4th  (final)  issue  of  every  volume.  With 
the  development  of  easily  assessable  on-line 
indexing  services  (i.e.,  jstor.com,  bioone.org), 
publishing  a  hard-copy  annual  index  is  becoming 
less  essential;  a  journal  can  be  fully  functional 
without  a  hard-copy  index.  Other  journals  that  have 
gone  exclusively  to  on-line  indices  report  no 
problems  or  substantive  complaints  from  users. 

The  decision  to  publish  the  annual  index 
exclusively  on-line  has  a  number  of  potential 
benefits  for  the  journal  and  the  society. 
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•  More  manuscripts  can  be  published  in  the 
WJO.  The  annual  index  fills  about  25  pages, 
which  is  2-3  features  or  5-6  short  communi¬ 
cations. 

•  Save  approximately  $2500  in  printing  page 
charges  (25  pages  @  $100  per  page). 

•  Generate  additional  page  charge  income  by 
publishing  more  manuscripts  per  volume  (25 
pages  @  $10  per  page  =  $250,  25  pages  @ 
$50  per  page  =  $1250,  25  pages  @  $100  per 
page  =  $2500). 

•  An  on-line  index  would  be  searchable.  It  is 
searchable  now  on-line  through  jstor.com  and 
bioone.org,  but  this  would  provide  additional 
access  and  visibility  to  WJO. 

•  Articles  with  a  time  critical  component,  such 
as  nomenclatural  papers,  would  not  be  delayed 
by  the  time  necessary  to  assemble  the  index. 
They  would  be  published  in  the  appropriate 
calendar  year. 

The  decision  to  publish  the  annual  index 

exclusively  on-line  raises  concerns  about  potential 

costs  or  consequences  for  the  journal  and  the 

society. 

•  No  hard  copy  index  is  available  in  situations 
where  there  is  no  on-line  access.  This  is  an 
increasingly  uncommon  problem. 

•  An  on-line  index  is  available  only  as  long  as 
the  host  organization’s  server  is  available. 
Servers  go  down  and  host  organizations  go  out 
of  business,  so  an  on-line  only  index  is 
potentially  less  permanent  than  a  hard  copy 
index.  WJO  should  have  a  mirror  server 
hosting  the  index  to  protect  against  this 
problem. 

•  Some  subscribers  prefer  hard  copy  indices  to 
on-line  indices.  However,  an  on-line  version  of 
the  index  could  always  be  printed  out  by  a 
user. 

•  The  age  of  the  subscriber  appears  to  be  an 
issue  regarding  which  sort  of  index  they  prefer; 
older  subscribers  seem  to  prefer  hard  copy 
indices  while  younger  subscribers  seem  to 
prefer  on-line  indices.  Responses  to  informal 
surveys  by  the  Publications  Committee  about 
hard  copy  versus  on-line  indices  are  almost 
always  “as  long  as  there  is  an  index  available 
somewhere,  I  don’t  care”. 

•  Without  an  annual  index  filling  25  pages,  the 
Editor  potentially  might  have  difficulties 
selecting  enough  manuscript  pages  to  fill  the 
final  issue.  However,  the  Editor  would  not 


have  the  time  pressure  to  construct  the  index 
after  authors  return  corrected  page  proofs.  The 
issue  could  be  published  and  the  index 
assembled  later. 

Recommendation'.  The  Publications  Committee 
recommends  that  the  Wilson  Ornithological 
Society  cease  publication  of  a  hard  copy  annual 
index  of  The  Wilson  Journal  of  Ornithology 
beginning  with  Volume  121  (2009)  and  begin 
publishing  the  annual  index  exclusively  on-line. 

Should  The  Wilson  Journal  of  Ornithology 
publish  Spanish  (or  other  language)  abstracts? 

The  Wilson  Journal  of  Ornithology  (and 
previously  The  Wilson  Bulletin)  publishes  the 
abstracts  of  major  articles  and  short  communica¬ 
tions  only  in  the  English  language.  Other  major 
ornithological  journals  (i.e.,  The  Auk,  The  Condor, 
and  The  Journal  of  Field  Ornithology )  publish 
article  abstracts  in  two  languages,  English  and 
Spanish.  The  impetus  for  this  is  to  increase  access 
to  the  journals  by  international,  particularly 
neotropical,  scientists.  By  publishing  Spanish 
language  abstracts,  the  journals  hope  to  make 
the  work  done  in  the  Neotropics  and  elsewhere 
more  available  to  readers.  While  this  is  an 
admirable  goal,  publishing  abstracts  in  another 
language  is  a  substantial  undertaking  for  the 
journal  and  the  society  that  needs  to  be  well 
thought  out. 

The  decision  to  publish  Spanish  language 
abstracts  in  The  Wilson  Journal  of  Ornithology 
needs  to  be  based  on  consideration  of  this  goal  in 
light  of  the  following  issues. 

•  Providing  Spanish  or  other  non-English  lan¬ 
guage  abstracts  in  WJO  would  entail  a 
substantial  cost  in  terms  of  time,  effort,  and 
funds  for  the  WOS  and,  more  significantly,  for 
the  Editor. 

•  Authors  from  the  Neotropics  may  not  be  able 
to  pay  page  charges  for  their  manuscripts, 
which  could  increase  the  cost  of  publishing  the 
WJO. 

•  Individuals  and  libraries  in  the  Neotropics  have 
very  tight  budgets  so  they  are  not  likely  to 
subscribe  to  the  WJO.  WJO  is  available  on¬ 
line,  which  may  also  reduce  the  number  of  new 
subscribers. 

•  Consideration  of  what  is  the  most  appropriate 
language  to  use  (i.e.,  Spanish,  French,  Portu¬ 
guese,  other).  After  the  appropriate  language  is 
chosen,  consideration  of  what  is  the  most 
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appropriate  “dialect”  or  “flavor”  of  the 
language  to  use. 

•  Consideration  of  whether  the  abstract  is  to  be  a 
direct  translation  of  the  English  abstract  or  an 
extended  abstract  that  includes  more  details. 

•  Resolving  the  issue  of  common  name  versus 
scientific  name  usage  for  both  North  American 
and  neotropical  authors.  In  the  Neotropics, 
there  is  enough  variation  in  common  name 
usage  that  it  may  be  more  correct  for  authors  to 
only  use  scientific  names. 

•  Consideration  of  who  will  provide  the  non- 
English  abstracts,  the  authors  or  the  WJO.  If  the 
WJO  provides  the  abstract,  a  translator  will  have 
to  be  found.  Professional  translators  may  be 
prohibitively  expensive  for  the  WJO;  also,  they 
may  not  be  able  to  handle  scientific  terminol¬ 
ogy.  Graduate  students  or  others  might  be 
willing  to  provide  the  translations  as  a  service 
to  their  profession.  If  the  authors  provide  the 
non-English  abstracts,  this  is  not  an  issue. 

•  If  the  WJO  provides  the  translations,  the 
translator  needs  time  to  produce  the  abstracts. 
The  Editor  will  need  to  accommodate  this  in 
the  publication  schedule.  If  the  authors  provide 
the  abstract,  this  is  not  an  issue. 

•  Copy  editing  and  correcting  the  page  proofs  for 
authors  (and  the  Editor)  who  do  not  write  in 
the  abstract’s  language  might  prove  difficult. 

•  Manuscripts  submitted  by  authors  from  the 
Neotropics  and  North  America  often  are 
different  in  style.  Manuscripts  by  North 
American  authors  are  more  likely  to  be 
hypothesis  driven  research.  Manuscripts  by 
neotropical  authors  are  more  likely  to  be 
descriptive  or  natural  history  research.  While 
both  are  valuable,  this  difference  in  style  may 
make  the  Editor’s  decisions  more  difficult. 

•  Authors  from  the  Neotropics  may  not  be  fluent 
in  compositional  English  and  WJO  submis¬ 
sions  may  be  first  publications  by  these 
authors.  This  can  make  the  Editor’s  decisions 
more  difficult,  i.e.,  is  the  manuscript  hard  to 
understand  because  it  is  conceptually  flawed  or 
because  it.  is  poorly  written?  This  issue  might 
be  ameliorated  by  using  a  service  like  the 
Association  of  Field  Ornithologists’  Editorial 
Assistance  Program,  where  neotropical  authors 
are .  paired  with  a  native  English  writing 
mentor. 

•  English  is  the  international  language  of  choice 
in  the  sciences.  Presumably,  most  scientists 
who  submit  manuscripts  to  the  WJO  realize 


this  and  are  prepared  to  work  with  the  Editor  to 
accommodate  any  language  difficulties. 

Recommendation'.  The  Publication  Committee 
recommends  that  the  Wilson  Ornithological 
Society  not  publish  Spanish  or  non-English 
language  abstracts  in  The  Wilson  Journal  of 
Ornithology. 

Mary  Bomberger  Brown,  Chair 

REPORT  OF  THE  UNDERGRADUATE 
OUTREACH  COMMITTEE 

The  Undergraduate  Outreach  Committee  has 
created  an  on-line  forum  to  solicit  suggestions  and 
discussion  from  undergraduate  and  graduate 
students.  The  site  is  hosted  by  Albion  College. 
Instructions  for  accessing  the  forum  site  will  be 
sent  by  e-mail  to  all  student  presenters  at  the 
Pittsburgh  meeting.  The  Committee  hopes  all 
WOS  student  members  can  also  be  invited  to 
participate.  Prospective  student  members  also 
would  be  welcome  as  forum  participants;  perhaps 
WOS  Council  members  can  pass  along  the  access 
information  to  students.  The  Committee  will 
summarize  the  forum’s  discussion  thread  for 
Council,  but  interested  Council  members  are 
encouraged  to  sign  on  to  the  forum  and  check  it 
out  for  themselves.  The  initial  discussion  question 
is:  “What  can  the  Wilson  Ornithological  Society 
do  to  better  reach  out  to  undergraduate  and 
graduate  students?” 

The  following  are  instructions  for  accessing  the 
WOS  student  outreach  online  forum. 

1.  Go  to  http://discuss.albion.edu  and  click  the 
“Wilson  Society  of  Ornithology”  discussion 
link  (bottom  of  the  list). 

2.  Accept  the  security  certificate  (Internet 
Explorer  7  users,  click  “Continue  to  this 
web  site”). 

3.  Create  and  confirm  a  new  account  by 
clicking  the  Create  New  Account  button  on 
the  right,  entering  the  required  information, 
then  clicking  the  “Create  New  Account” 
button. 

4.  An  e-mail  will  be  sent  to  the  address  used  to 
register  with  instructions  to  complete  regis¬ 
tration. 

After  an  account  registration  is  complete,  the 
user  needs  to  enter  a  one-time  enrollment  key 
(Wilson2008)  to  access  the  site  for  the  first  time. 

Douglas  W.  White,  Chair 
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REPORT  OF  THE  SCIENTIFIC 
PROGRAM  COMMITTEE 

The  Committee  on  the  Scientific  Program 
consisted  of  WOS  Second  Vice-President  Robert 
C.  Beason  (Chair),  Andrew  Farnsworth,  and  Todd 
Katzner.  Paper  sessions  were  moderated  by  Mark 
Deutschlander,  Margret  Hatch,  Gregory  Keller, 
Joseph  Nocera,  Kathryn  Purcell,  Scott  Stoleson, 
Rachel  Vallender,  and  Lindsey  Walters,  and  the 
symposium  on  remote  and  automated  technolo¬ 
gies  for  monitoring  birds  was  moderated  by 
Andrew  Famesworth. 

PAPER  SESSIONS 

Symposium:  Remote  and  Automated 
Technologies  for  Monitoring  Birds 

Robert  C.  Beason,  Accipiter  Radar  Technolo¬ 
gies,  “The  use  of  digital  avian  radars  in 
monitoring  bird  migration  and  movements.” 

Russell  A.  Charif,  Michael  Pitzrick,  Harold 
Figueroa,  and  Andrew  Farnsworth,  Cornell  Labo¬ 
ratory  of  Ornithology,  Cornell  University,  “Auto¬ 
mated  acoustic  monitoring  of  Whip-poor-wills.” 

W.  W.  Cochran,  A.  Raim,  and  D.  A.  Enstrom, 
Illinois  Natural  History  Survey,  University  of 
Illinois,  and  Larry  Pater,  U.S.  Army  Engineer 
Research  and  Development  Center,  “Calls  of 
individual  transient  Swainson’s  Thrushes  during 
flight  and  stopovers.” 

Deanna  Dawson,  USGS,  Patuxent  Wildlife 
Research  Center,  Emma  DeLeon  and  Lewis 
Grove,  Powdermill  Avian  Research  Center,  and 
Tim  Jones,  USFWS  Atlantic  Coast  Joint  Venture, 
“Patterns  of  nocturnal  bird  migration  in  the 
central  Appalachians,  documented  through  sound 
recording.” 

Emma  DeLeon,  Lewis  Grove,  Andrew  Vitz, 
and  Michael  Lanzone,  Carnegie  Museum  of 
Natural  History,  “Comparing  bioacoustics  and 
banding:  similarities  and  differences  in  seasonal 
data  patterns.” 

D.  A.  Enstrom,  M.  P.  Ward,  A.  Celis,  and  Jill 
Deppe,  Illinois  Natural  History  Survey,  University 
of  Illinois,  “Remote  acoustic  recording  and 
monitoring  of  birds  at  the  individual  and  commu¬ 
nity  levels.” 

William  R.  Evans,  Old  Bird  Inc.,  “An  evalu¬ 
ation  of  the  potential  for  using  acoustic  monitor¬ 
ing  to  remotely  assess  flying  animal  collisions  at 
industrial  wind  energy  facilities.” 

Andrew  Farnsworth,  Michael  Powers,  Anne 
Klingensmith,  Lewis  Grove,  and  Ken  Rosenberg, 


Conservation  Science  Program,  Cornell  Labora¬ 
tory  of  Ornithology,  Cornell  University,  “Noc¬ 
turnal  bird  migration  in  the  western  United  States: 
species  composition  and  calling  phenology  data 
gathered  using  autonomous  recording  systems.” 

Ted  Floyd,  American  Birding  Association, 
“Mid-summer  dispersal,  nocturnal  movements, 
and  molt-migration  of  Chipping  Sparrows  in 
Colorado:  implications  for  the  validity  of  Spizella 
passerina  boreophila  Oberholser,  1955.” 

Robert  MacCurdy,  Rich  Gabrielson,  and  David 
Winkler,  Cornell  Laboratory  of  Ornithology,  Cor¬ 
nell  University,  “Automated  avian  tracking  via 
radio-frequency  time  of  arrival  measurements.” 

David  Tcheng,  National  Center  for  Super¬ 
computing  Applications,  University  of  Illinois  at 
Urbana-Champaign,  David  Enstrom,  Illinois  Nat¬ 
ural  History  Survey,  University  of  Illinois  at 
Urbana-Champaign,  Stephen  Downie,  Graduate 
School  of  Library  and  Information  Science, 
University  of  Illinois  at  Urbana-Champaign,  and 
Michael  Ward,  Illinois  Natural  History  Survey, 
University  of  Illinois  at  Urbana-Champaign, 
“Applying  NESTER  (Networked  Environmental 
Sonic-Toolkits  for  Exploratory  Research)  to  the 
analysis  of  bird  recordings.” 

General  Sessions 

Ian  Ausprey  and  Amanda  Rodewald,  School  of 
Environment  and  Natural  Resources,  Ohio  State 
University,  “Post-fledging  survivorship  across  an 
urbanizing  landscape.” 

Douglas  Becker  and  Petra  Bohall  Wood,  West 
Virginia  Cooperative  Fish  and  Wildlife  Research 
Unit,  West  Virginia  University,  “Canada  Warbler 
habitat  suitability  in  an  active  industrial  forest  in 
West  Virginia.” 

Karl  S.  Berg,  Soraya  Delgado,  and  Rae  Okawa, 
Cornell  Laboratory  of  Ornithology  and  Depart¬ 
ment  of  Neurobiology  and  Behavior,  Cornell 
University,  Steven  R.  Beissinger,  Department  of 
Environmental  Science,  Policy  and  Management, 
U.C.  Berkeley,  and  Jack  W.  Bradbury,  Cornell 
Laboratory  of  Ornithology  and  Department  of 
Neurobiology  and  Behavior,  Cornell  University, 
“Darling,  is  that  you?  Vocal  mate  recognition  in 
wild  parrots.” 

David  N.  Bonter,  Cornell  Laboratory  of  Orni¬ 
thology,  Cornell  University,  and  Elizabeth  W. 
Brooks,  Braddock  Bay  Bird  Observatory,  “Long¬ 
term  avian  community  dynamics  in  successional, 
forested,  and  managed  plots  in  a  reforesting 
landscape.” 
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Crissa  Cooey  and  James  Anderson,  Wildlife 
and  Fisheries  Resources,  West  Virginia  Universi¬ 
ty,  Brian  Dorr  and  Katie  Hanson,  USDA,  National 
Wildlife  Research  Center  at  Starkville,  and  Hillar 
Klandorf,  Animal  and  Nutritional  Science,  West 
Virginia  University,  “Development  and  evalua¬ 
tion  of  an  in  vivo  pentosidine  aging  technique  for 
Double-crested  Cormorants  ( Phalacrocorax  aur- 
itus).” 

Kristen  M.  Covino,  School  of  Science  and 
Humanities,  Husson  University  and  Rebecca  L. 
Holberton,  School  of  Biology  and  Ecology, 
University  of  Maine,  and  Sara  R.  Morris, 
Department  of  Biology,  Canisius  College,  “The 
influence  of  energetic  condition  on  migratory 
decisions  of  Blackpoll  Warblers  during  spring 
migration.” 

Robert  L.  Curry,  Department  of  Biology, 
Villanova  University,  “Patterns  of  natal  dispersal 
in  a  hybrid  chickadee  population.” 

Katherina  Forgues,  Department  of  Biology, 
Trent  University,  “The  effect  of  off-road  vehicles 
on  migrating  shorebirds.” 

Sarah  E.  Goodwin  and  W.  Gregory  Shriver, 
Department  of  Entomology  and  Wildlife  Ecology, 
University  of  Delaware,  “The  application  of 
biological  condition  indices  to  avian  monitoring 
data.” 

Elizabeth  Gow  and  Bridget  Stutchbury,  De¬ 
partment  of  Biology,  York  University,  and  Kurt 
Kyser,  Department  of  Geological  Sciences  and 
Geological  Engineering,  Queen’s  University, 
“Evaluation  of  a  molt-migration  tactic  in  Wood 
Thrush.” 

Ralph  S.  Hames  and  James  D.  Lowe,  Labora¬ 
tory  of  Ornithology,  Cornell  University,  “Tracing 
mercury  and  calcium  through  food  webs  to 
terrestrial  forest  birds:  causes  and  consequences.” 

Margret  I.  Hatch,  Penn  State  Worthington 
Scranton,  and  Robert  J.  Smith,  Department  of 
Biology,  University  of  Scranton,  “Repeatability 
of  hematocrit  in  Gray  Catbirds.” 

Jason  Hill,  Ecology  Program,  Pennsylvania 
State  University,  and  Chris  Elphick,  Ecology 
and  Evolutionary  Biology  Department,  University 
of  Connecticut,  “Postfledging  movement  behav¬ 
ior  and  habitat  use  of  adult  female  Saltmarsh 
Sharp-tailed  Sparrows.” 

Bill  Hilton  Jr.  and  Ernesto  Carman  Jr.,  Hilton 
Pond  Center  for  Piedmont  Natural  History,  “An 
on-going  study  of  Ruby-throated  Hummingbirds, 
Archilochus  colubris,  on  non-breeding  grounds  in 
Guanacaste  Province,  Costa  Rica.” 


Ally  son  K.  Jackson  and  Daniel  A.  Cristol, 
Department  of  Biology,  College  of  William  and 
Mary,  “Survival  in  a  created  landscape:  radio¬ 
tracking  fledgling  bluebirds  on  golf  courses.” 

Jason  D.  Jacobs,  Department  of  Biology, 
Canisius  College,  Kristen  M.  Covino,  School  of 
Science  and  Humanities,  Husson  University,  and 
Sara  R.  Morris,  Department  of  Biology,  Canisius 
College,  “Seasonal  differences  in  energetic  con¬ 
dition  of  Blackpoll  Warblers.” 

L.  Scott  Johnson,  Jessica  L.  Brubaker,  Bonnie 
G.  P.  Johnson,  and  Brian  S.  Masters,  Department 
of  Biology,  Towson  University,  “Evidence  for  a 
maternal  effect  benefiting  extra-pair  offspring  in 
the  House  Wren.” 

Yula  Kapetanakos,  Ecology  and  Evolutionary 
Biology,  Cornell  University,  “DNA  barcoding  is 
for  the  birds:  using  an  old  technique  in  new 
situations:  a  case  study  for  Asian  vultures.” 

Laura  J.  Kearns  and  Amanda  D.  Rodewald, 
School  of  Environment  and  Natural  Resources, 
Ohio  State  University,  “Associations  between 
activity  levels  of  nest  predators  and  songbird  nest 
placement  in  urban  forests.” 

Gregory  S.  Keller,  Department  of  Biology, 
Gordon  College,  and  Julian  D.  Avery,  Department 
of  Ecology  and  Evolution,  Rutgers  University, 
“Forest  migrants  in  short-grass  prairie  of  New 
Mexico:  habitat  use  when  habitat  is  (nearly) 
absent.” 

E.  Dale  Kennedy  and  Douglas  White,  Depart¬ 
ment  of  Biology,  Albion  College,  “Use  of 
spycams  in  nest  boxes  reveals  that  female  House 
Wrens  give  feeding  call  to  just-hatched  and  young 
nestlings.” 

Sarah  E.  Kingston,  BEES  Program,  University 
of  Maryland,  William  Fagan,  BEES  Program, 
University  of  Maryland  and  National  Museum  of 
Natural  History,  and  Michael  J.  Braun,  BEES 
Program,  University  of  Maryland,  “Genome- wide 
levels  of  introgression  and  divergence  across 
Mexican  Towhee  hybrid  zones.” 

Katie  LaBarbera,  Paulo  Llambias,  and  Irby  J. 
Lovette,  Fuller  Evolutionary  Biology  Laboratory, 
Cornell  University,  “Context-dependence  of  the 
relationship  between  extra-pair  paternity  and 
breeding .  synchrony  in  the  House  Wren  Troglo¬ 
dytes  aedon.” 

Michael  Lanzone,  Carnegie  Museum  Of  Natu¬ 
ral  History,  Casey  Halverson,  Cellular  Tracking 
Technologies,  and  Todd  Katzner,  The  National 
Aviary,  “A  high  frequency  GSM  telemetry  device 
for  tracking  wildlife.” 
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Joshua  B.  LaPergola  and  Robert  L.  Curry, 
Department  of  Biology,  Villanova  University, 
Blanca  Roldan  Clara,  El  Colegio  de  la  Frontera 
Sur,  Chetumal,  Quintana  Roo,  Mexico,  and  Juan 
Esteban  Martinez  Gomez,  Instituto  de  Ecologfa, 
Xalapa,  Veracruz,  Mexico,  “Natural  history  of 
the  Black  Catbird  (Melanoptila  glabrirostris)  in 
Quintana  Roo,  Mexico.” 

Rebecca  G.  Lohnes  and  Janis  L.  Dickinson, 
Department  of  Natural  Resources,  Cornell  Uni¬ 
versity,  and  Brett  K.  Sandercock,  Division  of 
Biology,  Kansas  State  University,  “Nest  site 
selection  and  nest  thermal  properties  of  Common 
Nighthawks  on  the  tallgrass  prairie  of  Kansas.” 

Jay  Mager,  Department  of  Biological  and 
Allied  Health  Sciences,  Ohio  Northern  University, 
and  Charles  Walcott,  Department  of  Neurobiolo¬ 
gy  and  Behavior,  Cornell  University,  “Do  male 
Common  Loons  signal  an  elevated  willingness  to 
attack  with  longer  yodels?” 

Holly  M.  McChesney  and  James  T.  Anderson, 
Division  of  Forestry  and  Natural  Resources,  West 
Virginia  University,  and  Constance  A.  Ranson, 
National  Park  Service,  Fort  Necessity  National 
Battlefield,  “Impact  of  invasive  Morrow’s  hon¬ 
eysuckle  removal  on  the  nesting  success  of  Field 
Sparrows  in  a  western  Pennsylvania  shrubland.” 

M.  Victoria  McDonald,  Department  of  Biology, 
University  of  Central  Arkansas,  “Incidence  and 
prevalence  of  scaly  leg  mite  in  passerines  at  a 
central  Arkansas  (USA)  site.” 

Patrick  McElhone  and  Petra  Bohall  Wood, 
West  Virginia  Cooperative  Fish  and  Wildlife 
Research  Unit,  West  Virginia  University,  and 
Deanna  Dawson,  USGS,  Patuxent  Wildlife  Re¬ 
search  Center,  “Effects  of  habitat  change  and 
restricting  breeding  bird  survey  routes  to  roads  on 
Cerulean  Warbler  populations  in  the  central 
Appalachians.” 

Tricia  Miller,  Pennsylvania  State  University 
and  Carnegie  Museum  of  Natural  History,  Mi¬ 
chael  Lanzone,  Carnegie  Museum  of  Natural 
History,  Robert  Brooks,  Pennsylvania  State  Uni¬ 
versity,  and  Todd  Katzner,  The  National  Aviary, 
“Flight  characteristics  of  Golden  Eagles  ( Aquila 
chrysaetos)  migrating  through  eastern  North 
America  as  determined  by  GPS  telemetry.” 

Alex  Mills,  Atlantic  Cooperative  Wildlife 
Ecology  Research  Network  (ACWERN),  Acadia 
University,  Beth  Thurber  and  Stuart  Mackenzie, 
Department  of  Biology,  University  of  Western 
Ontario,  and  Philip  Taylor,  ACWERN  and  Bird 
Studies  Canada,  “Using  automated  multiple- 


tower  telemetry  to  monitor  nocturnal  activity  of 
passerines  during  migration  stopovers.” 

Sara  R.  Morris,  Department  of  Biology,  Cani- 
sius  College,  ‘  ‘Banding  together:  an  update  on  the 
activities  of  the  North  American  Banding  Coun¬ 
cil.” 

Felicity  L.  Newell  and  Amanda  D.  Rodewald, 
Terrestrial  Wildlife  Ecology  Laboratory,  Ohio 
State  University,  “A  bird’s  eye  view  of  forest 
canopy  structure:  how  does  canopy  openness 
affect  canopy-nesting  species?” 

Joseph  J.  Nocera,  OMNR,  Trent  University, 
and  Laurene  M.  Ratcliffe,  Biology  Department, 
Queen’s  University,  “Birds  can  adjust  their  anti¬ 
predator  behavior  in  response  to  social  informa¬ 
tion  accuracy.” 

Karan  J.  Odom  and  Daniel  J.  Mennill,  Biology 
Department,  University  of  Windsor,  “Geographic 
variation  in  the  calls  and  duets  of  a  nonpasserine, 
the  Barred  Owl  ( Strix  varia).” 

Sarah  E.  Pabian  and  Margaret  C.  Brittingham, 
School  of  Forest  Resources,  Pennsylvania  State 
University,  “Calcium  and  forest  bird  habitat 
quality.” 

Kathryn  Purcell,  Craig  Thompson,  and  Douglas 
Drynan,  USFS,  Pacific  Southwest  Research  Sta¬ 
tion,  Sierra  Nevada  Research  Center,  “Influence 
of  landscape  and  habitat  features  on  the  abun¬ 
dance  and  nesting  success  of  Brown  Creepers  in 
the  southern  Sierra  Nevada.” 

Alejandro  Rico-G.,  Department  of  Ecology  and 
Evolutionary  Biology,  University  of  Connecticut, 
“Evolutionary  insights  about  nectarivores’  bills 
structures.” 

Christina  Riehl,  Department  of  Ecology  and 
Evolutionary  Biology,  Princeton  University, 
“Egg  ejection  and  hatching  asynchrony  influence 
egg  size  in  the  Greater  Ani  ( Crotophaga  major),  a 
communally  breeding  cuckoo.” 

Malcolm  F.  Rosenthal,  Department  of  Biology, 
Oberlin  College,  Troy  G.  Murphy,  Department  of 
Biology,  Queen’s  University,  Nancy  Darling, 
Department  of  Psychology,  Oberlin  College,  and 
Keith  A.  Tarvin,  Department  of  Biology,  Oberlin 
College,  “Loss  of  brightness  in  American  Gold¬ 
finch  bills  in  response  to  acute  immune  re¬ 
sponse.” 

Jim  Sheehan,  Gregory  A.  George,  and  Petra 
Bohall  Wood,  West  Virginia  Cooperative  Fish 
and  Wildlife  Research  Unit,  West  Virginia 
University,  “Avian  response  to  gas  well  devel¬ 
opment  in  the  central  Appalachians:  first  year 
results.” 
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Bethany  K.  Stephan  and  Anna  Marie  Parise, 
Canisius  College,  Michael  Hamilton  and  Robert 
L.  DeLeon,  Buffalo  Ornithological  Society,  and 
H.  David  Sheets  and  Sara  R.  Morris,  Canisius 
College,  “How  does  anthropogenic  disturbance 
affect  avian  communities?” 

Grant  T.  Stokke  and  Margaret  C.  Brittingham, 
School  of  Forest  Resources,  Pennsylvania  State 
University,  “Characteristics  of  urban  crow  roosts 
in  the  northeastern  United  States.” 

Scott  Stoleson,  USFS,  Northern  Research 
Station,  “Effects  of  partial  harvest  on  Cerulean 
Warblers  and  other  Partners  in  Flight  priority 
species.” 

Amy  Tegeler-Amones  and  Joseph  M.  Szewc- 
zak,  Department  of  Biology,  Humboldt  State 
University,  “Assessing  monitoring  techniques 
for  avian  species  richness.” 

Nathan  E.  Thomas,  Department  of  Biology, 
Shippensburg  University,  and  David  L.  Swanson, 
Department  of  Biology,  University  of  South 
Dakota,  “Mid-continental  habitat  availability 
and  shorebird  use  of  natural  and  anthropogenic 
wetlands.” 

Rachel  Vallender,  Evolutionary  Biology,  Cor¬ 
nell  Laboratory  of  Ornithology,  Steve  VanWil- 
genburg.  Environment  Canada,  Lesley  Bulluck, 
Department  of  Biology,  Virginia  Commonwealth 
University,  Amber  Roth,  School  of  Forest  Re¬ 
sources  and  Environmental  Science,  Michigan 
Technological  University,  Ronald  Canterbury, 
Department  of  Biological ,  Sciences,  University 
of  Cincinnati,  Jeffery  Larkin,  Department  of 
Biology,  Indiana  University  of  Pennsylvania, 
and  Irby  Lovette,  Evolutionary  Biology,  Cornell 
Laboratory  of  Ornithology,  “Extensive  rangewide 
mitochondrial  introgression  indicates  substantial 
cryptic  hybridization  in  the  Golden- winged  War¬ 
bler.” 

Lindsey  A.  Walters,  Department  of  Biology, 
Canisius  College,  and  Thomas  Getty,  Department 
of  Zoology  and  Kellogg  Biological  Station, 
Michigan  State  University,  “Brighter  eggs  are 
better  in  the  House  Wren.” 

Douglas  White  and  E.  Dale  Kennedy,  Depart¬ 
ment  of  Biology,  Albion  College,  “Variation  in 
onset  of  incubation  in  House  Wrens.” 

Robert  C.  Whitmore,  Program  in  Wildlife  and 
Fisheries,  West  Virginia  University,  and  Michael  M. 
Whitmore,  Moss  Adams  Corporation  LLP,  “Song 
divergence  in  Mangrove  Warblers  ( Dendroica 
petechia  castaneiceps ):  response  to  habitat  structure 
and  cultural  erosion  due  to  fragmentation.” 


Andrew  Wilson,  School  of  Forest  Resources, 
Pennsylvania  State  University,  “Bird  population 
responses  to  conservation  program  grasslands  in 
Pennsylvania.” 

Stephanie  G.  Wright  and  Robert  L.  Curry, 
Department  of  Biology,  Villanova  University, 
“Hybrid  chickadees  show  higher  survivorship 
than  Carolina  Chickadees  in  southeastern  Penn¬ 
sylvania.” 

David  Yeany  II,  and  Frank  Ammer,  Department 
of  Biology,  Frostburg  State  University,  “Avian 
diversity  in  a  high  elevation  peatland  of  western 
Maryland.” 

POSTERS 

Virginia  Abernathy  and  John  Mager  III, 
Department  of  Biology,  Ohio  Northern  Universi¬ 
ty,  Charles  Walcott,  Department  of  Neurobiology 
and  Behavior,  Cornell  University,  and  Walter 
Piper,  Department  of  Biology,  Chapman  Univer¬ 
sity,  “Male  Common  Loons  vary  their  yodeling 
rate  with  time  of  year  and  stage  of  breeding 
season.” 

Alyssa  K  Ackerman  and  Daniel  Ardia,  Depart¬ 
ment  of  Biology,  Franklin  and  Marshall  College, 
“Suboptimal  incubation  temperature  shows  no 
effect  on  immunity  in  Bobwhite  Quail  ( Colinus 
virginianus).” 

Andrew  L.  Almeter  and  James  A.  Rotenberg, 
Department  of  Environmental  Studies,  University 
of  North  Carolina  Wilmington,  ‘  ‘An  online  survey 
assessment  of  the  Painted  Bunting  Observer  Team 
Citizen  Science  Project  in  the  Carolinas.” 

Frank  K.  Ammer  and  David  Yeany  II,  Depart¬ 
ment  of  Biology,  Frostburg  State  University, 
“Avian  community  comparisons  and  habitat 
relationships  at  Finzel  Swamp,  Maryland.” 

Hubert  Askanas  and  Antony  Diamond,  Depart¬ 
ment  of  Biology,  University  of  New  Brunswick, 
“The  effects  of  mating  systems  on  the  physio¬ 
logical  stress  of  two  closely-related  songbirds:  the 
polygynandrous  Bicknell’s  Thrush  ( Catharus 
bicknelli)  and  monogamous  Swainson’s  Thrush 
{Catharus  ustulatus).” 

Bethany  Bashaw,  Rebecca  Jones,  and  Mark  E. 
Deutschlander,  Department  of  Biology,  Hobart  and 
William  Smith  Colleges,  ‘  ‘Do  sex  and  age  explain 
variation  in  the  fat  stores  of  spring  migrating 
warblers  at  a  Great  Lakes  stopover  site?” 

Robert  C.  Beason,  Wilson  Ornithological 
Society,  and  Sandra  E.  Wright  and  Michael  J. 
Begier,  USDA/APHIS/Wildlife  Services,  “Some 
altitudinal  records  for  birds.” 
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Matt  Beckett,  Gary  Ritchison,  and  Brad 
McLeod,  Department  of  Biological  Sciences, 
Eastern  Kentucky  University,  ‘  ‘Effects  of  breed¬ 
ing  stage,  age,  and  behavioral  context  on  the 
singing  behavior  of  Indigo  Buntings.” 

Michael  Bennett,  Gary  Ritchison,  and  Louise 
Peppe,  Department  of  Biological  Sciences,  East¬ 
ern  Kentucky  University,  “Variation  in  the 
characteristics  of  Chimney  Swift  nests.” 

Glennon  A.  Beresin,  Department  of  Biology, 
Oberlin  College,  Troy  G.  Murphy,  Department  of 
Biology,  Queen’s  University,  and  Keith  A. 
Tarvin,  Department  of  Biology,  Oberlin  College, 
“Onset  of  incubation  is  not  the  only  mechanism 
controlling  hatching  synchronicity  in  American 
Goldfinches.” 

David  F.  Brinker,  Natural  Heritage  Program, 
Maryland  Department  of  Natural  Resources, 
“Winter  movements  and  home  ranges  of  adult 
Northern  Goshawks  in  the  central  Appalachians.” 

Ross  Brittain  and  Christopher  Craft,  Indiana 
University  School  of  Public  and  Environmental 
Affairs,  and  Arndt  Schimmelman,  Indiana  Uni¬ 
versity  Department  of  Geological  Sciences, 
“Characterizing  avian  trophic  webs  in  coastal 
Georgia  using  stable  isotopes  of  carbon  and 
nitrogen.” 

Deanna  Broughton  and  Daniel  Ardia,  Depart¬ 
ment  of  Biology,  Franklin  and  Marshall  College, 
“The  synergistic  effects  of  carotenoids  and 
immune  activation  on  stress  responses  in  the 
Zebra  Finch  ( Taeniopygia  guttata).” 

Lily  Calderwood  and  John  Kricher,  Biology 
Department,  Wheaton  College,  “Foraging  behav¬ 
ior  of  the  Black-capped  Chickadee  in  relation  to 
seasonal  change.” 

Michelle  L.  Carder  and  Gary  Ritchison,  De¬ 
partment  of  Biological  Sciences,  Eastern  Ken¬ 
tucky  University,  “Tail  pumping  by  Eastern 
Phoebes:  an  honest,  persistent  predator-deterrent 
signal?” 

Jameson  F.  Chace,  Department  of  Biology  and 
Biomedical  Sciences,  Salve  Regina  University, 
Leslie  A.  Moffat,  Middlebury  College,  and 
Thomas  LaPointe,  U.S.  Fish  and  Wildlife  Service, 
Silvio  O.  Conte  National  Fish  and  Wildlife 
Refuge,  “Breeding  bird  responses  to  Woodcock 
management  in  the  Nulhegan  Basin  Division  of 
the  Silvio  O.  Conte  National  Fish  and  Wildlife 
Refuge.” 

Jason  Courter  and  Gary  Ritchison,  Department 
of  Biological  Sciences,  Eastern  Kentucky  Univer¬ 
sity,  ‘  ‘Comparison  of  the  provisioning  behavior  of 


size-dimorphic  male  and  female  Eastern  Screech- 
Owls.” 

Brian  S.  Davidson  and  Michael  J.  Braun, 
Program  in  Behavior,  Ecology,  Evolution,  and 
Systematics,  University  of  Maryland,  and  Nation¬ 
al  Museum  of  Natural  History,  Smithsonian 
Institution,  “Genome- wide  survey  of  differentia¬ 
tion  between  hybridizing  Appalachian  chicka¬ 
dees.” 

Carla  J.  Dove  and  Faridah  Dahlan,  Division  of 
Birds,  Smithsonian  Institution,  and  Daniel  Re- 
hner,  Department  of  Community  and  Public 
Health,  University  of  Maryland,  “Using  What¬ 
man®  FT  A  cards  to  preserve  avian  tissue 
samples.” 

Amanda  Engelhard,  E.  Dale  Kennedy,  and 
Douglas  White,  Department  of  Biology,  Albion 
College,  “Spying  on  incubating  House  Wrens: 
using  minicameras  to  observe  behaviors  in  nest 
boxes.” 

Dorothy  I.  Fatunmbi  and  Catherine  Alsford, 
Biology  Department,  Canisius  College,  Brenda  S. 
Keith  and  Richard  S.  Keith,  Kalamazoo  Nature 
Canter,  and  Sara  R.  Morris,  Canisius  College, 
“The  stopover  ecology  of  migrant  warblers  in 
Michigan.” 

Leah  Finity  and  Joseph  J.  Nocera,  Environ¬ 
mental  and  Life  Sciences  Graduate  Program, 
Trent  University,  “The  potential  roles  of  food 
and  habitat  as  limiting  factors  for  Chimney  Swift 
populations.” 

Latice  Fuentes  and  William  Bowerman,  De¬ 
partment  of  Forestry  and  Natural  Resources, 
Clemson  University,  David  Best,  U.S.  Fish  and 
Wildlife  Service,  and  James  Sikarskie,  College  of 
Veterinary  Medicine,  Michigan  State  University, 
“Utilizing  Bald  Eagles  for  ecological  and  envi¬ 
ronmental  monitoring  in  Michigan.” 

Mildred  Funk,  Department  of  Biology,  Roose¬ 
velt  University,  “Consistent  footedness  in  Yel¬ 
low-Crowned  Parakeets  ( Cyanoramphus  auri- 
ceps).” 

Lewis  Grove,  Emma  DeLeon,  Andrew  Vitz, 
and  Michael  Lanzone,  Carnegie  Museum  of 
Natural  History,  “Bioacoustics  and  banding: 
similarities  and  differences  in  nightly  migration 
patterns.” 

Stephen  B.  Hager,  Department  of  Biology, 
Augustana  College,  “Collisions  as  important 
sources  of  mortality  to  raptors  of  the  United 
States  and  Canada.” 

Marcy  Heacker  and  James  F.  Whatton,  Division 
of  Birds,  Smithsonian  Institution,  and  Neal 
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Woodman,  Division  of  Mammals,  USGS,  Patux¬ 
ent  Wildlife  Research  Station,  “Owl  diet  analysis: 
is  something  missing  from  the  menu?” 

Leslie  Hopke,  Chi  Kong  Poon,  Emily  Runnells, 
and  Mark  E.  Deutschlander.  Department  of 
Biology,  Hobart  and  William  Smith  Colleges, 
“Potential  remaining  flight  ranges  of  migrants  at 
a  Great  Lake  stopover  site:  how  much  fat  is  excess 
fat?” 

Kyle  G.  Horton  and  Sara  R.  Morris,  Depart¬ 
ment  of  Biology,  Canisius  College,  “Seasonal 
differences  in  short-term  mass  changes  of  Nearc- 
tic-neotropical  migrants  on  Appledore  Island.” 

Joanna  Jack  and  Jim  Rising,  Department  of 
Ecology  and  Evolutionary  Biology,  University  of 
Toronto,  “Investigating  the  association  of  migra¬ 
tory  scrub-breeding  landbirds  with  shrubby  hab¬ 
itat  in  Tommy  Thompson  Park,  Toronto.” 

L.  Scott  Johnson,  Brian  S.  Masters,  and  Bonnie 
Johnson,  Department  of  Biology,  Towson  Uni¬ 
versity,  Charles  F.  Thompson,  Scott  K.  Sakaluk, 
Sheryl  S.  Soukup,  and  Shannon  J.  Forsythe, 
Department  of  Biological  Sciences,  Illinois  State 
University,  and  Marcus  Neuhauser,  Department  of 
Mathematics  and  Techniques,  Koblenz  University 
of  Applied  Sciences,  Germany,  “Extra-pair  young 
in  House  Wren  broods  are  more  likely  to  be  male 
than  female.” 

Rebecca  Kern  and  W.  Gregory  Shriver,  De¬ 
partment  of  Entomology  and  Wildlife  Ecology, 
University  of  Delaware,  Dixie  L.  Birch,  Chesa¬ 
peake  Marshlands  NWR  Complex,  U.S.  Fish  and 
Wildlife  Service,  and  Laura  R.  Mitchell,  Wallkill 
National  Wildlife  Refuge,  U.S.  Fish  and  Wildlife 
Service,  “Seaside  Sparrow  nest  success  in 
relation  to  prescribed  fire  frequencies  at  Black- 
water  NWR  and  Fishing  Bay  WMA.” 

Kristen  M.  Lear,  Department  of  Zoology,  Ohio 
Wesleyan  University,  Ananda  B.  Ellis,  Depart¬ 
ment  of  Biology,  Lewis  and  Clark  College,  and 
Charles  R.  Brown,  Department  of  Biological 
Sciences,  University  of  Tulsa,  “Netting  methods 
influence  age  distribution  in  samples  of  Cliff 
Swallows.” 

Katherine  F.  Leith  and  William  Bowerman, 
Department  of  Forestry  and  Natural  Resources, 
Clemson  University,  “Using  long  term  historical 
data  to  develop  a  spatially  explicit  population 
model  .for  Bald  Eagles  in  Michigan.” 

Michael  P.  Lombardo,  Patrick  A.  Thorpe,  and 
Sheila  Colpetzer,  Department  of  Biology,  Grand 
Valley  State  University,  “Social  environment  in 
captivity  affects  beak  color  in  House  Sparrows.” 


Kara  Moody,  Department  of  Environmental 
Studies,  Antioch  University  New  England,  and 
Franz  Ingelfinger,  The  Trustees  of  Reservations, 
“Human  disturbance  impacts  on  migratory  shore- 
birds  at  Crane  Beach,  Ipswich,  Massachusetts: 
Semipalmated  Plovers  (Charadrius  semipalma- 
tus),  Semipalmated  Sandpipers  ( Calidris  pusilla), 
and  Sanderlings  (Calidris  alba).” 

David  G.  Nally,  Canisius  College,  Brenda  S. 
Keith  and  Richard  S.  Keith,  Kalamazoo  Nature 
Center,  and  Sara  R.  Morris,  Canisius  College, 
“Fall  migration  and  stopover  ecology  of  thrushes 
in  Kalamazoo,  Michigan.” 

Brandon  W.  Newcomb  and  Michael  D.  Collins, 
Department  of  Biology,  Hampden-Sydney  Col¬ 
lege,  and  Erica  M.  Rutherford,  Mark  L.  Fink,  and 
Alix  D.  Fink,  Department  of  Biological  and 
Environmental  Sciences,  Longwood  University, 
“Pervasive  and  productive?  Reproductive  success 
of  early  successional  birds  in  managed  pine 
habitats  in  the  Southeast.” 

Jennifer  C.  Owen,  Department  of  Biological 
Sciences,  University  of  Southern  Mississippi, 
Mary  Garvin,  Department  of  Biology,  Oberlin 
College,  Amanda  Jo  Williams,  Department  of 
Biological  Sciences,  University  of  Southern  Mis¬ 
sissippi,  Elizabeth  A.  Miller,  Valerie  J.  Morley, 
and  Alexander  R.  Krohn,  Department  of  Biology, 
Oberlin  College,  and  Frank  R.  Moore,  Department 
of  Biological  Sciences,  University  of  Southern 
Mississippi,  “Role  of  Gray  Catbirds  ( Dumetella 
carolinensis)  in  the  overwintering  of  eastern 
equine  encephalitis  virus.” 

Meredith  Palmer  and  Rebecca  Deatsman, 
Department  of  Zoology,  Ohio  Wesleyan  Univer¬ 
sity,  “Inter-  and  intraspecific  interactions  among 
neotropical,  montane  hummingbirds  at  feeders.” 

Anna  Marie  Parise  and  Bethany  K.  Stephan, 
Canisius  College,  Michael  Hamilton  and  Robert  L. 
DeLeon,  Buffalo  Ornithological  Society,  and  H. 
David  Sheets  and  Sara  R.  Morris,  Canisius  College, 
“Using  the  presence  of  bird  species  to  assess  the 
quality  of  riparian  habitats  around  Buffalo,  NY.” 

Joel  Ralston  and  Jeremy  Kirchman;  Department 
of  Biological  Sciences,  University  of  Albany,  and 
the  New  York  State  Museum,  “Phylogeography 
of  a  neotropical  migrant  isolated  on  mountain 
‘islands’.” 

Matthew  Reudink,  Christopher  Kyle,  and 
Joseph  Nocera,  Department  of  Forensic  Science, 
Trent  University,  and  Ministry  of  Natural  Re¬ 
sources,  Christopher  Somers,  Department  of 
Biology,  University  of  Regina,  and  Kurt  Kyser, 
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Department  of  Geological  Sciences  and  Engineer¬ 
ing,  Queen’s  University,  “Investigating  novel 
colonization  behaviour  and  long-range  dispersal 
in  American  White  Pelicans.” 

Mia  R.  Revels,  Department  of  Natural  Scienc¬ 
es,  Northeastern  State  University,  and  Robert 
Jadin,  Amphibian  and  Reptile  Diversity  Research 
Center,  University  of  Texas  at  Arlington,  “Black 
rat  snake  predation  of  Swainson’s  Warbler 
( Limnothlypis  swainsonii )  nestlings:  predator  be¬ 
havior  and  parental  responses.” 

Lauren  A.  Smith  and  Edward  H.  Burtt  Jr., 
Department  of  Zoology,  Ohio  Wesleyan  Univer¬ 
sity,  “The  geography  of  color  in  parrots.” 

Jaclyn  Smolinsky  and  Robb  Diehl,  Department 
of  Biological  Sciences,  University  of  Southern 
Mississippi,  and  David  Delaney,  U.  S.  Army 
Construction  Engineering  Research  Laboratory, 
“Factors  influencing  the  migratory  path  of 
songbirds  confronted  with  a  large  water  body.” 

Jackie  Speicher,  Pocono  Avian  Research  Cen¬ 
ter,  Lisa  Schreffler,  Northampton  Community 
College,  and  Dawn  Konkoly  and  Darryl  Speicher, 
Pocono  Avian  Research  Center,  ‘  ‘Lunar  effects  on 
the  fall  migration  of  the  Northern  Saw-whet  Owl 
( Aegolius  acadicus).” 

Michael  Steiner,  Richard  Riggi,  and  Mark  E. 
Deutschlander,  Department  of  Biology,  Hobart 
and  William  Smith  Colleges,  “Do  arrival  date  and 
distance  of  migration  influence  fat  stores  in  spring 
migrating  warblers?” 

Brynne  A.  Stumpe  and  Sara  R.  Morris,  Canisius 
College,  “Does  the  Peace  Bridge  affect  bird 
behavior?” 

Rebecca  Suomala,  New  Hampshire  Audubon. 
Timothy  Hoppe,  Pennsylvania  Game  Commis¬ 
sion,  Brett  Amy  Thelen,  Ashuelot  Valley  Envi¬ 
ronmental  Observatory,  and  Ken  Klapper,  Anti¬ 
och  University  New  England,  “Gravel  nest 
patches  on  rooftops  as  nesting  substrate  for 
Common  Nighthawks  ( Chordeiles  minor).” 

Heather  A.  Szalkowski  and  Brian  J.  Olsen, 
School  of  Biology  and  Ecology,  University  of 
Maine  at  Orono,  and  Sarah  Warner,  Department 
of  Entomology  and  Wildlife  Ecology,  University 
of  Delaware,  “The  influence  of  relative  nest 
predation  risk  on  interspecific  variation  in  paren¬ 
tal  nest  defense  behaviors.” 

Jessica  Trout-Haney  and  Robert  L.  Curry, 
Department  of  Biology,  Villanova  University, 
“Descriptive  phenology  and  breeding  biology  of 
Boreal  Chickadees  ( Poecile  hudsonica)  in  south¬ 
eastern  Nova  Scotia.” 
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Maria  Virgilio,  Quinn  Schara,  Emily  Runnells, 
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variation  of  fat  stores  of  spring  migrants  at  a 
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Andrew  Vitz,  Robert  Mulvihill,  and  Robert 
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ing  songbird  population  declines  and  breeding 
productivity  with  fall  migration  banding  data.” 

Carl-Adam  Wegenschimmel  and  Jay  Malcolm, 
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1  ‘Logging  and  mammalian  depredation  and  its 
potential  impacts  on  BicknelPs  and  Swainson’s 
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Rebecca  J.  Whelan,  Department  of  Chemistry 
and  Biochemistry,  Oberlin  College,  Tera  C. 
Levin,  Department  of  Chemistry  and  Biochemis¬ 
try  and  Department  of  Biology,  Oberlin  College, 
Jennifer  C.  Owen,  Department  of  Fisheries  and 
Wildlife  and  Department  of  Large  Animal 
Clinical  Sciences,  Michigan  State  University, 
and  Mary  C.  Garvin,  Department  of  Biology, 
Oberlin  College,  “Identification  of  carboxylic 
acids  as  volatile  components  of  uropygial  secre¬ 
tions  in  the  Gray  Catbird  ( Dumetella  carolinen- 
sis).” 
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versity,  “Temporal  and  spatial  trends  of  Hg  in 
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Sean  Williams  and  Edward  H.  Burtt  Jr., 
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Meredith  P.  Wilson  and  Edward  H.  Burtt  Jr., 
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sity,  “Dynamics  of  Staphylococcus  aureus  and 
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Whitney  Wiest  and  W.  Gregory  Shriver, 
Department  of  Entomology  and  Wildlife  Ecology, 
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University  of  Delaware,  “Development  of  a  bird 
community  integrity  index  to  monitor  salt  marsh 
integrity  at  national  wildlife  refuges.” 

Harden  Wisebram,  Department  of  Biology, 
Oberlin  College,  Troy  G.  Murphy,  Department 
of  Biology,  Queen’s  University,  and  Keith  A. 
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“Effect  of  female  bill  color  on  male  parental 
contribution  in  the  American  Goldfinch.” 
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Abernathy;  Bowling  Green,  Jeremy  D.  Ross; 
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Irvine,  Scott  H.  Stoleson;  La  Plume,  Andrew 
Everett,  Marie  Rhodes,  Jerry  Skinner;  Lancaster, 
Daniel  Ardia,  Deanna  R.  Broughton;  Latrobe, 
James  Kellam,  Virginia  Rothhaar;  Malvern,  Jacob 
Armiger;  Mertztown,  Jessica  L.  Fegely;  Natrona 
Heights,  Paul  Hess;  Pittsburgh,  Anthony  Bledsoe, 
Jean  Deo,  Bobbi  Diller,  Stephanie  Dowell, 
Victoria  M.  Dziadosz,  Erin  Estell,  Cathy  House, 
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Laura  A.  Howell,  Todd  E.  Katzner,  Mike 
Kuzemchak,  Phoebe  Lanzone,  Steven  C.  Latta, 
Tim  Manka,  Eric  Marchbein,  Carol  McCullough, 
Frederick  McCullough,  Danilo  Mejia,  Ellen 
Parkes,  Marisabel  Paulino,  Brady  Porter,  Yuleidy 
Rodriguex,  Poly  Singh,  Jack  E.  Solomon,  Susan 
S.  Solomon,  Kate  St.  John,  Claire  Staples,  Heather 
Szalkowski,  James  Valimont,  Maria  Wheeler; 
Rector,  Emma  DeLeon,  Lewis  Grove,  Michael 
Lanzone,  Andy  Mack,  Trish  Miller,  Andrew  Vitz; 
Sarver,  Kevin  Mault,  Frances  Ritchie;  Shippens- 
burg,  Nathan  E.  Thomas;  State  College,  Grant  T. 
Stokke;  University  Park,  Margaret  C.  Brittingham, 
Sarah  E.  Pabian;  Villanova,  Robert  L.  Curry, 
Joshua  LaPergola,  Stephanie  G.  Wright;  Washing¬ 
ton,  Thomas  A.  Contreras;  Wexford,  Patrick  M. 
Lynch,  Sherron  L.  Lynch;  York,  Bill  Hilton  Jr. 

Rhode  Island:  Cranston,  Jessica  Trout-Haney; 
Newport,  Jameson  F.  Chace. 

South  Carolina:  Central,  Latice  Fuentes; 
Clemson,  Katherine  R.  Leith,  Michael  R.  Wierda; 
Edisto  Island,  Sid  A.  Gauthreaux. 


Utah:  Ogden,  John  F.  Cavitt. 

Vermont:  Hart  land,  Dan  Lambert. 

Virginia:  Alexandria,  Richard  C.  Banks,  An¬ 
drew  J.  Bernick;  Arlington,  Bruce  Beehler; 
Hampden-Sydney,  Michael  D.  Collins,  Brandon 
W.  Newcomb;  Shipman,  Allen  M.  Hale;  Williams¬ 
burg,  Allyson  K.  Jackson,  Diana  L.  Soteropoulos, 
Leah  Wilson. 

Washington,  D.C.:  Faridah  Dahlan,  Carla  J. 
Dove,  Marcy  Heacker,  James  F.  Whatton. 

West  Virginia:  Montgomery,  Deborah  K. 
Beutler;  Morgantown,  Douglas  A.  Becker,  Crissa 
K.  Cooey,  Gregory  A.  George,  Holly  McChesney, 
Patrick  M.  McElhone,  Jim  Sheehan,  Robert 
Whitmore,  Petra  Bohall  Wood. 

Canada,  New  Brunswick:  Fredericton,  Hu¬ 
bert  Askanas;  Ontario:  Barrie,  Alex  M.  Mills, 
Cay  A.  Mills;  Kingston,  Elizabeth  Gow;  Mis¬ 
sissauga,  Carl-Adam  Wegenschimmel;  Peterbor¬ 
ough,  Leah  Finity,  Katherina  Forgues,  Joseph 
Nocera,  Matthew  W.  Reudink;  Toronto,  Joanna  J. 
Jack,  James  D.  Rising;  Windsor,  Karan  J.  Odom. 
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Editor’s  Comments 


I  have  completed  3  years  serving  as  Editor  for 
The  Wilson  Journal  of  Ornithology  and  have 
enjoyed  working  with  authors  and  reviewers,  the 
Editorial  board,  as  well  as  with  the  staff  of  Allen 
Press.  I  have  learned  from  all  of  you  and  continue 
to  enjoy  working  with  everyone  involved  to 
produce  a  quality  journal.  We  have  sufficient 
material  for  the  March  2010  Issue  on  hand  with 
material  for  the  June  2010  being  processed  daily. 
The  importance  of  having  signed  copyright  forms 
from  every  author  has  been  demonstrated,  and  it 
will  be  important  to  continue  to  stress  the  need  for 
these  signed  forms  from  all  authors. 

The  Publications  Committee  and  WOS  Council 
have  been  very  supportive  and  have  considered 
changes.  This  Issue  contains  the  Index  (following 
pages)  for  Volume  121  as  a  result  of  an  Editor’s 
decision  after  communication  with  the  Chair  of 


the  Publications  Committee.  I  believe  we  have  an 
excellent  Index  to  the  contents  of  Volume  121 
but,  the  question  remains,  does  anyone  use  it? 

This  is  a  test  to  see  how  many  readers  get  to 
this  point  in  this  Issue  to  read  these  brief 
comments,  and  to  learn  if  you  use  the  Index.  We 
will  know  that  you  made  it  this  far  in  the  Issue  if 
you  respond  to  the  questions  below.  Please 
respond  to  me  at  the  e-mail  address  (sg-wtp@ 
juno.com). 

I  use  the  Index. 

I  prefer  the  Index  be  placed  on  the  WOS  web 
site  (www.wilsonsociety.org)  as  a  pdf  and  not  in 
the  Journal. 

We  should  no  longer  prepare  any  Index. 

Clait  E.  Braun 
Editor,  2009 
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Akialoa  stejnegeri,  622 
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depredation  rates  of  natural  and  artificial  Seaside 
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Munoz,  - ,  Jeff  K.  Jacobsen,  Bradford  S. 

Keitt,  and  John  McCann 
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Anianiau,  see  Loxops  parvus 
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Scaled,  see  Grallaria  guadmalensis 
Thrush-like,  see  Myrmothera  campanisona 
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Plain-winged,  see  Thamnophilus  schistaceus 
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Undulated,  see  Frederickena  unduligera 
Western  Slaty,  see  Thamnophilus  atrinucha 
White-shouldered,  see  Thamnophilus  aethiops 
Antthrush,  Black-faced,  see  Formicarius  analis 
Rufous-capped,  see  Formicarius  colma 
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Striated,  see  Chamaeza  nobilis 
Antvireo,  Plain,  see  Dysithamnus  mentalis 
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Rufous-tailed,  see  Myrmotherula  erythrura 
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Stipple-throated,  see  Myrmotherula  haematonota 
Stripe-chested,  see  Myrmotherula  longicauda 
White-flanked,  see  Myrmotherula  axillaris 
Anumbius  annumbi,  805 
Anurolimnas  castaneiceps,  54-74 
Apapane,  see  Himadone  sanguinea 
Aphelocoma  calif  or  nica,  175 
coerulescens,  175,  846 
insular  is,  175 

Aphrastura  spinicauda,  590,  805 
Aphriza  virgata,  528-547 

Applegate,  R.  D.,  see  Johnson,  T.  N., - ,  D.  E.  Hoover, 

P.  S.  Gipson,  and  B.  K.  Sandercock 
Aquila  chrysaetos,  528-547 
Ara  ambiguous,  81 
macao,  81,  384,  387 
militaris,  384-391 
severus,  54—74 

Aracari,  Chestnut-eared,  see  Pteroglossus  castanods 
Ivory-billed,  see  Pteroglossus  azara 
Lettered,  see  Pteroglossus  inscriptus 
Many-banded,  see  Pteroglossus  pluricinctus 
Aramides  cajanea,  54—74 
calopterus,  54-74 
spp.,  654 

Aramus  guarauna,  54-74 
Aradnga  canicularis,  79,  81 
finschi,  81 

leucophthalma,  54—74 
weddellii,  54-74 
Archilochus  alexandri,  809-812 
colubris,  29,  33,  39,  549,  649 
Ardea  alba,  493,  646,  844 
goliath,  844 

herodias ,  32,  39,  654,  745-751,  844 
Ardeola  ralloides,  844 
Arenaria  interpres,  745-751 

Arizmendi,  M.  C.,  see  Contreras-Gonzalez,  A.  M.,  F.  A. 
Rivera-Ortfz,  C.  Soberanes-Gonzalez,  A.  Valiente- 

Banuet,  and - 

Arremon  aurandirostris,  54-74 
Arremonops  conirostris,  556-567 
Asio  flammeus,  356,  528-547,  745-751 
otus,  439-441,  650 
Atalotriccus  spp.,  654 
Athene  cunicularis  rostrata,  745-751 
Atlapetes  albinucha,  159,  161,  162 
citrinellus,  161,  162 
ladnuchus,  162 
leucopis,  159,  161,  162 
melanocephalus,  159,  161,  162 
pallidiceps,  161,  162 
pallidinucha  pallidinucha,  159-163 
tricolor,  161 
Atdcora  fasciata,  54—74 
Attila,  Bright-rumped,  see  Atdla  spadiceus 
Atdla  spadiceus,  54-74 
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Auklet,  Cassin’s,  see  Ptychoramphus  aleuticus 
Crested,  see  Aethia  cristatella 
Least,  see  Aethia  pusilla 
Parakeet,  see  Aethia  psittacula 
Rhinoceros,  see  Cerorhinca  monocerata 
Whiskered,  see  Aethia  pygmaea 
Aulacorhynchus  derbianus,  54—74 
prasinus ,  81 

Automolus  infuscatus,  54-74 
,  melanopezus ,  54-74 
ochrolaemus,  54-74 
rubiginosus ,  54-74 
rufipileatus ,  54—74 
Aythya  affinis,  424,  528-547 
collaris,  528-547 
marila,  424,  528-547 
spp.,  392 

valisineria,  97,  745-751 
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Thompson,  and - 
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Barbthroat,  Band-tailed,  see  Threnetes  ruckeri 
Pale-tailed,  see  Threnetes  niger 
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north  slope  of  Alaska,  430-434 
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Blackbird,  Red-winged,  see  Agelaius  phoeniceus 
Rusty,  see  Euphagus  carolinus 
Scarlet-headed,  see  Amblyramphus  holosericeus 
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Cacicus  cela,  54-74 
sclateri,  54-74 
solitaries,  54-74 

Cacique,  Ecuadorian,  see  Cacicus  sclateri 
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bairdii,  516,  528-547 
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melanoleucus,  54-74 
rubricollis,  54-74 
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Red-throated,  see  Ibycter  americanus 
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W.  Stodola,  Mark  S.  Woodrey,  and - 

Coot,  American,  see  Fulica  americana 
Coppedge,  Bryan  R.,  Repeated  Brown-headed  Cowbird 
parasitism  of  an  artificial  nest,  177-1  SO 
Coquette,  Spangled,  see  Lophornis  stictolophus 
Cormorant,  Double-crested,  see  Phalacrocorax  auritus 
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Cowbird,  Bronzed,  see  Molothrus  aeneus 
Brown-headed,  see  Molothrus  ater 
Giant,  see  Molothrus  oryzivorus 
Screaming;  see  Molothrus  rufoaxillaris 
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of  the  Three-striped  Warbler  in  Venezuela:  a 
contrast  between  tropical  and  temperate  parulids, 
667-679 

Crake,  Chestnut-headed,  see  Anurolimnas  castaneiceps 
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Uniform,  see  Amaurolimnas  concolor 
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Cranioleuca  curtata,  54—74 
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Creeper,  Hawaii,  see  Loxops  mana 
Kauai,  see  Oreomystis  bairdi 
Maui,  see  Paroreomyza  montana 
Oahu,  see  Paroreomyza  maculata 
Crossbill,  White-winged,  see  Loxia  leucoptera 
Crotophaga  ani,  43,  49,  51,  54-74,  679 
major,  54—74,  679-687 
sulcirostris,  679,  686 
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Fish,  see  Corvus  ossifragus 
Cyanocitta  cristata,  549,  55 1 
Crypturellus  bartletti,  54—74,  506 
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cinereus,  54—74 
soui,  54—74 
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Salvin’ s,  see  Mitu  salvini 
Curlew,  Long-billed,  see  Numenius  americanus 
Cyanerpes  caeruleus,  54—74 
nitidus,  54—74 

Cyanistes  caeruleus,  97,  516,  826,  830 
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Dell’omo,  Giacomo,  see  Zavalaga,  Carlos  B.,  Scott  A. 

Taylor, - .  David  J.  Anderson,  and  Vicki  L. 

Friesen 

Dendragapus  spp.,  510 
Dendrocincla  anabatina,  81,  793 
fuliginosa,  54-74,  81,  793 
homochroa,  81 
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Dohms,  Kimberly  M.  and  Stephen  K.  Davis,  Polygyny  and 
male  parental  care  by  Sprague’s  Pipit,  826-830 
Dolan,  Amy  C.,  see  Redmond,  Lucas  J.,  Michael  T. 
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Euthlypis  lachrymose ,  646 
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Falcipennis  canadensis,  528—547 
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778-782,  813 
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Large  Ground,  see  Geospiza  magnirostris 
Large  Tree,  see  Camarhynchus  psittacula 
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Thick-billed  Seed,  see  Oryzoborus  funereus 
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Ochre-lored,  see  Tolmomyias  flaviventris 
Olivaceous,  see  Rhynchocyclus  olivaceus 
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O’Neill, - ,  Todd  Mark,  Nico  Dauphine,  and 

Irma  J.  Franke 

Francisco,  Mercival  R.,  First  description  of  nests  and  eggs 
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Moorhen,  African,  see  Gallinula  chloropus  meridionalis 
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additional  data  on  the  occurrence  of  the  plantaris  muscle 
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ignota,  54-74 
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cardinalis,  424—426 

nest-site  selection  and  nest  survival  of  early  successional 
birds  in  central  Pennsylvania,  476-484 
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Nomonyx  dominicus,  54—74 
Nonnula  brunnea,  54-74 
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bracteatus,  54—74 
grandis,  54-74 
griseus,  54—74 

Nycticorax  nycticorax,  493,  844-845 
spp.,  654 

Nyctidromus  albicollis,  54—74 
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Oryzoborus  angolensis,  54—74 
funereus,  556-567 
Osprey,  see  Pandion  haliaetus 
Ostrich,  Common,  see  Struthio  camelus 
Oswalt,  Sonja  N.,  see  Steadman,  David  W„  Jensen  R. 
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Martinez,  and  Jordan  Smith 
Otus  asio,  653 
kennecottii,  653 
‘O’u,  see  Psittirostra  psittacea 
Ovenbird,  see  Seiurus  aurocapilla  [auricapillus] 
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Parakeet,  Cobalt-winged,  see  Brotogeris  cyanoptera 
Dusky-headed,  see  Aratinga  weddellii 
Maroon-tailed,  see  Pyrrhura  melanura 
Monk,  see  Myiopsitta  monachus 
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low  prevalence  of  Trichomonas  gallinae  in  urban  and 
migratory  Accipiter  cooperii  in  northcentral 
North  America,  641-644 
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Alaska,  430-434 
Philohydor  lector,  54—74 
Philomachus  pugnax,  745-751 
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Shriver,  Misdirected  parental  care  by  a  male 
Eastern  Towhee  at  a  Wood  Thrush  nest,  427-429 
Schelsky,  Wendy  M.,  see  Steadman,  David  W.,  Jensen  R. 
Montambault,  Scott  K.  Robinson,  Sonja  N.  Oswalt, 
Thomas  J.  Brandeis,  Agustavo  Londono,  Matthew 

J.  Reetz,  - ,  Natalie  A.  Wright,  Jeffrey  P. 

Hoover,  Jill  Jankowski,  Andrew  W.  Kratter,  Arie 
Martinez,  and  Jordan  Smith 

Schiavini,  Adrian,  see  Liljesthrom,  Marcela, - ,  and 

Juan  C.  Reboreda 

Scbiffomis,  Thrush-like,  see  Schiffornis  turdina 
Schiffornis  turdina,  54—74 

Schill,  Katie  L.  and  Richard  H.  Yahner,  Nest-site  selection 
and  nest  survival  of  early  successional  birds  in 
central  Pennsylvania,  476-484 
Schistocichla  leucostigma,  54-74 

Schrott,  Gregory  R.,  review,  Corridor  ecology:  the  science 
and  practice  of  linking  landscapes  for  biodiversity 
conservation,  by  Jodi  A,  Hilty,  William  Z.  Lidicker 
Jr.,  and  Adina  M.  Merenlender,  223-225 
Sclateria  naevia,  54-74 
Sclerurus  caudacutus,  54—74 
rufigularis,  54—74 
Scolopax  minor,  133 

Scoter,  Black,  see  Melanitta  nigra  americana 
Black,  see  Melanitta  nigra  nigra 
White-winged,  see  Melanitta  fusca 
Scrub-Jay,  Florida,  see  Aphelocoma  coerulescens 
Island,  see  Aphelocoma  insularis 
Western,  see  Aphelocoma  calif ornica 
Scythebill,  Red-billed,  see  Campyloramphus  trochilirostris 
Sealy,  Spencer  G.,  Brian  D.  Peer,  and  Dan  Strickland,  Gray 
Jays  accept  Brown-headed  Cowbird  eggs,  173-177 
Seedeater,  Black-and-white,  see  Sporophila  luctuosa 
Chestnut-bellied,  see  Sporophila  castaneiventris 
Dark-throated,  see  Sporophila  ruficollis 
Double-collared,  see  Sporophila  coerulescens 
Lined,  see  Sporophila  lineola 
Rusty-collared,  see  Sporophila  collaris 
Variable,  see  Sporophila  corvina 
White-bellied,  see  Sporophila  leucoptera 
Wing-barred,  see  Sporophila  americana 
Yellow-bellied,  see  Sporophila  nigricollis 
Seiurus  aurocapilla  [auricapillus,  4191,  43,  45-50,  119- 
125,  129,  273,  277,  299,  652,  671,  675 
motacilla,  671 
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noveboracensis,  43,  45,  48,  49,  129,  299,  528-547,  671 
Selenidera  maculirostris ,  807-809 
reinwardtii,  54—74 
spectabilis ,  81 
Semnornis  frantzii ,  8 1 

Seneviratne,  Sampath  S.,  Ian  L.  Jones,  and  Edward  H. 
Miller,  Vocal  repertoires  of  auklets  (Alcidae: 
Aethiini):  structural  organization  and  categoriza¬ 
tion,  568-584 
Serinus  spp.,  621 
Serpophaga  spp.,  585 

Setophaga  ruticilla,  41-53,  193,  273,  277 ,  287,  288,  290- 
297,  466,  671 

Sexton,  Karen,  see  Redmond,  Lucas  J.,  Michael  T.  Murphy, 
Amy  C.  Dolan,  and - 

Shaffer,  Francois,  see  Robert,  Michel,  Benoit  Jobin, 

Claudie  Latendresse,  Sylvain  Giguere,  and - 

Shearwater,  Black-vented,  see  Puffinus  opisthomelas 
Townsend’s,  see  Puffinus  auricularis 
Wedge-tailed,  see  Puffinus  pacificus 
Sheldon,  Frederick  H.,  review,  The  birds  of  Borneo,  an 
annotated  checklist,  by  Clive  F.  Mann,  856-857 
Shoveler,  Northern,  see  Anas  clypeala 
Shrike,  Brown,  see  Lanius  cristatus 

Island  Loggerhead,  see  Lanius  ludovicianus  anthonyi 
Loggerhead,  see  Lanius  ludovicianus 
Northern,  see  Lanius  excubitor 
Shrike-Tanager,  Fulvous,  see  Lanio  fulvus 
Slaty-capped,  see  Vireolanius  leucotis 
Shriver,  W.  Gregory,  see  Schaeffer,  Kelly  M„  William  P. 

Brown,  and - 

Sialia  mexicana,  512—520 

sialis,  33,  40,  101,  553,  719,  830,  846 
Sicklebill,  Buff-tailed,  see  Eutoxeres  condamini 
White-tipped,  see  Eutoxeres  aquila 
Sigmodon  hispidus ,  839-841 

Silbemagle,  Michael  D.,  see  DesRochers,  David  W.,  Luke 

K.  Butler, - ,  and  J.  Michael  Reed 

Simon,  Melinda  M.,  see  Dykstra,  Cheryl  R.,  Jeffrey  L. 

Hays,  and - 

Siskin,  Pine,  see  Carduelis  pinus 
Sitta  canadensis,  424,  649 
carolinensis,  33,  40,  319 
Sittasomus  griseicapillus,  54-74,  81 

Siverio,  Felipe,  see  Rodriguez,  Airam,  - ,  Ruben 

Barone,  Beneharo  Rodriguez,  and  Juan  J.  Negro 
Small,  Daniel  M.,  Maren  E.  Gimpel,  Jared  Parks,  Jason  B. 
Guerard,  and  Douglas  E.  Gill,  First  documented 
cases  of  polygyny  in  the  Grasshopper  Sparrow, 
822-825 

Smith,  David  G.,  see  Young,  Lindsay  C.,  Eric  A. 

VanderWerf,  - ,  John  Polhemus,  Naomi 

Swenson,  Chris  Swenson,  Brent  R.  Liesemeyer, 
Betsy  H.  Gagne,  and  Sheila  Conant 
Smith,  Jordan,  see  Steadman,  David  W„  Jensen  R. 
Montambault,  Scott  K.  Robinson,  Sonja  N.  Oswalt, 
Thomas  J.  Brandeis,  Agustavo  Londono,  Matthew 
J.  Reetz,  Wendy  M.  Schelsky,  Natalie  A.  Wright, 
Jeffrey  P.  Hoover,  Jill  Jankowski,  Andrew  W. 

Kratter,  Arie  Martinez,  and - 

Smith,  Kimberly  G.,  see  Wittenberg,  Sara  Ress  and - 


Smith,  Robert  J.,  Sarah  E.  Mabey,  and  Frank  R.  Moore, 
Spring  passage  and  arrival  patterns  of  American 
Redstarts  in  Michigan’s  eastern  Upper  Peninsula, 
290-297 

snake,  Great  Plains  rat,  see  Elaphe  guttata  emoryi 
Texas  rat,  see  Elaphe  obsoleta  lindheimeri 
Snipe,  Wilson’s,  see  Gallinago  delicata 
Snowornis  subalaris,  54-74 

Soberanes-Gonzalez,  C.,  see  Contreras-Gonzalez,  A.  M.,  F. 

A.  Rivera-Ortiz, - ,  A.  Valiente-Banuet,  and 

M.  C.  Arizmendi 

Soehren,  Eric  C.,  see  Rush,  Scott  A.,  - ,  Kirk  W. 

Stodola,  Mark  S.  Woodrey,  and  Robert  J.  Cooper 
Solenopsis  invicta,  846-847 
Solitaire,  Andean,  see  Myadestes  ralloides 
Townsend’s,  see  Myadestes  townsendi 

Solomon,  Jennifer  N.,  see  Gavin,  Michael  C.  and - 

Somateria  fischeri,  432 
mollissima,  432,  639 
mollissima  dresseri ,  493—497 
spectabilis,  430-434 

Somershoe,  Scott  G.,  Christine  R.  D.  Brown,  and  Richard 
T.  Poole,  Winter  site  fidelity  and  over-winter  site 
persistence  of  passerines  in  Florida,  1 19-125 
Spadebill,  Golden-crowned,  see  Platyrinchus  coronatus 
White-throated,  see  Platyrinchus  mystaceus 
Sparrow,  American  Tree,  see  Spizella  arborea 
Bachman’s,  see  Aimophila  aestivalis 
Baird’s,  see  Ammodramus  bairdii 
Black-striped,  see  Arremonops  conirostris 
Chipping,  see  Spizella  passerina 

Coastal  Plain  Swamp,  see  Melospiza  georgiana  nigres- 
cens 

Field,  see  Spizella  pusilla 

Florida  Grasshopper,  see  Ammodramus  savannarum 
floridanus 

Fox,  see  Passerella  iliaca 
Grasshopper,  see  Ammodramus  savannarum 
Henslow’s,  see  Ammodramus  henslowii 
House,  see  Passer  domesticus 
Ipswich,  see  Passerculus  princeps 
Java,  see  Lonchura  oryzivora 
Lark,  see  Chondestes  grammacus 
Lincoln’s,  see  Melospiza  lincolnii 
Orange-billed,  see  Arremon  aurantiirostris 
Sage,  see  Amphispiza  belli 

Saltmarsh  Sharp-tailed,  see  Ammodramus  caudacutus 
Savannah,  see  Passerculus  sandwichensis 
Seaside,  see  Ammodramus  maritimus 
Song,  see  Melospiza  melodia 
Swamp,  see  Melospiza  georgiana 
Vesper,  see  Pooecetes  gramineus 
White-crowned,  see  Zonotrichia  leucophrys 
White-throated,  see  Zonotrichia  albicollis 
Yellow-browed,  see  Myospiza  aurifrons 
Sparrowhawk,  Eurasian,  see  Accipiter  nisus 
Sparrow-Weaver,  White-browed,  see  Plocepasser  mahali 
Spartonoica  maluroides,  803-807 

Speights,  Jason  R.  and  Warren  C.  Conway,  Wintering 
Yellow-bellied  Sapsucker  time  activity  budgets  in 
east  Texas  bottomland  hardwood  forests,  593-599 
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Sphyrapicus  varius ,  43,  81,  133,  593-599 
Spilotes  pullatus,  684 

Spinetail,  Ash-browed,  see  Cranioleuca  curtata 
Dark-breasted,  see  Synallaxis  albigularis 
Dusky,  see  Synallaxis  moesta 
Ruddy,  see  Synallaxis  rutilans 
Speckled,  see  Cranioleuca  gutturata 
Spiza  americana,  29,  32,  38,  178,  200,  201,  548-555 
Spizaetus  ornatus ,  54—74 
tyrannus,  54—74 

Spizella  arborea ,  318,  319,  516,  528-547 
passerina ,  29,  32,  38,  528-547 
pusilla ,  32,  38,  178,  427,  476^484 
Spiziapteryx  circumcincta,  812,  813 
Sporophila  americana,  630 
caerulescens,  629,  630 
castaneiventris,  54—74 
collaris,  629,  630 
corvina,  556-567 
leucoptera,  628-630 
lineola,  629,  630 
luctuosa,  54-74 
nigricollis,  54—74,  629,  630 
ruficollis,  629 

Sripathi,  K.,  see  Doss,  D.  Paramanantha  Swami,  N. 
Gopukumar,  and - 

Staggemeier,  Vanessa  Graziele,  see  de  Camargo  Guaraldo, 
Andre  and - 

Stake,  Mike  M.,  see  Reidy,  Jennifer  L., - ,  and  Frank 

R.  Thompson  III 

Starling,  European,  see  Sturnus  vulgaris 
Steadman,  David  W.,  Jensen  R.  Montambault,  Scott  K. 
Robinson,  Sonja  N.  Oswalt,  Thomas  J.  Brandeis, 
Agustavo  Londono,  Matthew  J.  Reetz,  Wendy  M. 
Schelsky,  Natalie  A.  Wright,  Jeffrey  P.  Hoover,  Jill 
Jankowski,  Andrew  W.  Kratter,  Arie  Martinez,  and 
Jordan  Smith,  Relative  abundance,  habitat  use,  and 
long-term  population  changes  of  wintering  and 
resident  landbirds  on  St.  John,  U.S.  Virgin  Islands, 
41-53 

Stealornis  caripensis,  54—74 

Steenhof,  Karen  and  Brite  Peterson,  Site  fidelity,  mate 
fidelity,  and  breeding  dispersal  in  American 
Kestrels,  12-21 

Stelgidopteryx  ruficollis,  54-74,  654 
serripennis,  654,  745-751 
Stercorarius  longicaudus,  528—547 
parasiticus,  432 
Sterna  albostriata,  172 
antillarum,  846 
spp.,  493 

Stilt,  Black,  see  Himantopus  novaezelandiae 

stingray,  southern,  see  Dasyatis  americana 

Stodola,  Kirk  W.,  see  Rush,  Scott  A.,  Eric  C.  Soehren, 

- ,  Mark  S.  Woodrey,  and  Robert  J.  Cooper 

Stone,  Roger,  see  Humphries,  Elizabeth  M.,  Jeffery  L. 

Peters,  Jon  E.  Jonsson, - ,  Alan  D.  Afton,  and 

Kevin  E.  Omland 

Storm-Petrel,  Guadalupe,  see  Oceanodroma  macrodactyla 
Stout,  William  E.,  see  Rosenfield,  Robert  N.,  Stephen  J. 


Taft, - ,  Timothy  G.  Driscoll,  David  L.  Evans, 

and  Michael  A.  Bozek 

Stout,  William  E.,  Vanessa  L.  Greene,  and  Sergej 
Postupalsky,  Migration  routes,  reproduction,  and 
lifespan  of  a  translocated  Osprey,  203-206 
Streptopelia  decaocto,  643 
risoria,  841 
spp.,  380,  650 

Strickland,  Dan,  see  Sealy,  Spencer  G.,  Brian  D.  Peer,  and 


Strix  huhula,  54—74 
nebulosa,  528—547 
varia,  33,  40 
virgata,  54—74,  81 

Strode,  Paul  K.,  Spring  tree  species  use  by  migrating 
Yellow-rumped  Warblers  in  relation  to  phenology 
and  food  availability,  457-468 

Strong,  Allan  M.,  see  Little,  Lynn  P., - ,  and  Noah  G. 

Perlut 

Struthio  camelus,  509 
Sturnella  magna,  180,  200,  549 
spp.,  182 

Sturnus  vulgaris,  13,  33,  40,  89,  209 
Sula  dactylatra,  739,  743,  745-751 
grand,  739,  743,  745-751 
leucogaster,  739,  743 
nebouxii,  739,  743 
sula,  745-751 
variegata,  139—744 

Summerville,  Keith  S.,  see  Govoni,  Paul  W., - ,  and 

Muir  D.  Eaton 

Sunbittern,  see  Eurypyga  helias 
Sungrebe,  see  Heliornis  fulica 
Surfbird,  see  Aphriza  virgata 
Surnia  ulula,  528-547,  654 
survey 

influence  of  tidal  height  on  detection  of  breeding  marsh 
birds,  399^405 

survival 

effects  of  supplemental  food  and  experience  on  winter 
survival  of  transplanted  Meleagris  gallopavo, 
366-377 

nest-site  selection  and  nest  survival  of  early  successional 
birds  in  central  Pennsylvania,  476^484 
nocturnal  predation  of  female  Dendroica  chrysoparia  on 
nests,  4 1 6—42 1 

rates  and  lifetime  reproduction  of  breeding  male 
Accipiter  cooperi  in  Wisconsin,  1980-2005, 
610-617 

Swallow,  Bank,  see  Riparia  riparia  • 

Barn,  see  Hirundo  rustica 
Cliff,  see  Petrochelidon  pyrrhonota 
Northern  Rough-winged,  see  Stelgidopteryx  serripennis 
Southern  Rough-winged,  see  Stelgidopteryx  ruficollis 
Tree,  see  Tachycineta  bicolor 
Violet-green,  see  Tachycineta  thalassina 
White-banded,  see  Atticora  fasciata 
White-thighed,  see  Neochelidon  tibialis 
Swamphen,  Purple,  see  Porphyrio  porphyrio  poliocephalus 
Swan,  Trumpeter,  see  Cygnus  buccinator 
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Swanson,  Shelli  A,,  see  Handel,  Colleen  M.,  - , 

Debora  A.  Nigro,  and  Steven  M.  Matsuoka 
Swenson,  Chris,  see  Young,  Lindsay  C.,  Eric  A.  Vander- 
Werf,  David  G.  Smith,  John  Polhemus,  Naomi 

Swenson, - ,  Brent  R.  Liesemeyer,  Betsy  H. 

Gagne,  and  Sheila  Conant 

Swenson,  Naomi,  see  Young,  Lindsay  C.,  Eric  A. 
VanderWerf,  David  G.  Smith,  John  Polhemus, 

- ,  Chris  Swenson,  Brent  R.  Liesemeyer, 

Betsy  H.  Gagne,  and  Sheila  Conant 
Swift,  Chimney,  see  Chaetura  pelagica 
Grey-rumped,  see  Chaetura  cinereiventris 
Sylvia  atricapilla ,  145 
spp.,  380 

Synallaxis  albigularis ,  54—74 
moesta,  54-74 
rutilans ,  54—74 

Synthliboramphus  antiquus,  581 
hypoleucus,  581,  649,  650 

T 

Tachornis  furcata  spp.,  654 
spp.,  654 

Tachybaptus  dominicus,  54—74,  164—166 
Tachycineta  albilinea,  81,  787 

bicolor,  209,  528-547,  649,  650,  778,  783,  787,  788 
cyaneoviridis,  787 
euchrysea ,  787 
leucorrhoa,  787 
thalassina,  528-547,  787 
Tachyphonus  cristatus,  54—74 
luctuosus,  54—74 
surinamus,  54—74 

Taft,  Stephen  J.,  see  Rosenfield,  Robert  N.,  - , 

William  E.  Stout,  Timothy  G.  Driscoll,  David  L. 
Evans,  and  Michael  A.  Bozek 
Tanager,  Bay-headed,  see  Tangara  gyrola 

Black-and-white,  see  Conothraupis  speculigera 

Black-cheeked  Ant,  see  Habia  atrimaxillaris 

Blue-grey,  see  Thraupis  episcopus 

Cherrie’s,  see  Ramphocelus  costarricensis 

Flame-crested,  see  Tachyphonus  cristatus 

Fulvous-crested,  see  Tachyphonus  surinamus 

Golden,  see  Tangara  arthus 

Green-and-gold,  see  Tangara  schrankii 

Magpie,  see  Cissopis  leverianus 

Masked  Crimson,  see  Ramphocelus  nigrogularis 

Masked,  see  Tangara  nigrocincta 

Opal-crowned,  see  Tangara  callophrys 

Opal-rumped,  see  Tangara  velia 

Orange-throated,  see  Wetmorethraupis  sterrhopteron 

Palm,  see  Thraupis  palmarum 

Paradise,  see  Tangara  chilensis 

Passerini’ s,  see  Ramphocelus  passerinii 

Red-crowned  Ant,  see  Habia  rubica 

Red-necked,  see  Tangara  cyanocephala 

Red-throated  Ant,  see  Habia  fuscicauda 

Scarlet,  see  Piranga  olivacea 

Silver-beaked,  see  Ramphocelus  carbo 

Sooty  Ant,  see  Habia  gutturalis 

Spotted,  see  Tangara  punctata 


Summer,  see  Piranga  rubra 
Turquoise,  see  Tangara  mexicana 
White-shouldered,  see  Tachyphonus  luctuosus 
Yellow-backed,  see  Hemithraupis  flavicollis 
Yellow-bellied,  see  Tangara  xanthogastra 
Yellow-throated  Bush,  see  Chlorospingus  flavigularis 
Tangara  arthus,  54—74 
callophrys ,  54-74 
chilensis,  54—74 
cyanocephala,  807 
gyrola,  54—74 
mexicana,  54—74 
nigrocincta,  54—74 
punctata,  54—74 
schrankii,  54—74 
velia,  54—74 
xanthogastra,  54—74 

Tapaculo,  Rusty-belted,  see  Liosceles  thoracicus 
Taraba  major,  54—74 

Tattler,  Wandering,  see  Heteroscelus  incanus  [Tringa 
incana ] 
taxonomy 

acoustic  differences  between  the  scoters  Melanitta  nigra 
nigra  and  M.  n.  americana,  696-702 
nomenclatural  history  and  a  new  name  for  Vermivora 
pinus,  618-620 

of  Tyrannus  caudifasciatus  complex  (Aves:  Tyrannidae), 
703-713 

on  hyphens  and  phylogeny,  652-655 
Taylor,  Amber  L.,  see  Green,  David  J.,  Ivy  B.  J.  White- 

home,  - ,  and  Ellisa  L.  Drake 

Taylor,  Scott  A.,  see  Zavalaga,  Carlos  B„ - ,  Giacomo 

Dell’omo,  David  J.  Anderson,  and  Vicki  L.  Friesen 
Teal,  Blue-winged,  see  Anas  discors 
Cinnamon,  see  Anas  cyanoptera 
Green-winged,  see  Anas  crecca 
Speckled,  see  Anas  flavirostris 
Telespiza  cantans,  622 
ultima,  622 

Terenotriccus  erythrurus,  54—74 
Tern,  Black-fronted,  see  Sterna  albostriata 
Bridled,  see  Onychoprion  anaethetus 
Least,  see  Sterna  antillarum 
Sooty,  see  Onychoprion  fuscatus 
Thalurania  colombica,  556-567 
furcata,  54—74 

Thamnistes  anabatinus,  54—74 
Thamnomanes  ardesiacus,  54—74 
caesius,  54-74 

Thamnophilus  aethiops,  54-74 
atrinucha,  556-567,  636 
bridgesi,  636 
cryptoleucus,  54—74 
doliatus,  556-567 
murinus,  54-74 
schistaceus,  54—74 

Thompson  III,  Frank  R.,  see  Reidy,  Jennifer  L.,  Mike  M. 
Stake,  and - 

Thompson,  Jonathan  E.,  see  McCloskey,  Jon  T.,  - , 

and  Bart  M.  Ballard 

Thornbird,  Rufous-fronted,  see  Phacellodomus  rufifrons 
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Thomtail,  Black-bellied,  see  Popelairia  langsdorffi 
Thrasher,  Brown,  see  Toxostoma  rufum 
Pearly-eyed,  see  Margarops  fuscatus 
Thraupis  episcopus,  54-74,  556-567 
palmarum,  54—74 
Threnetes  niger,  54-74 
ruckeri,  556-567 

Thrush,  Black-billed,  see  Turdus  ignobilis 
Gray-cheeked,  see  Catharus  minimus 
Hermit,  see  Catharus  guttatus 
Pale-eyed,  see  Platycichla  leucops 
Swainson’s,  see  Catharus  ustulatus 
Varied,  see  Ixoreus  naevius 
White-necked,  see  Turdus  albicollis 
Wood,  see  Hylocichla  mustelina 
Thryothorus  coraya,  54—74 
genibarbis ,  623-627 
leucotis,  54-74 
ludovicianus ,  33,  40,  549,  551 
nigricapillus,  556-567 
pleurostictus,  627 
rufalbus,  627 
sinaloa ,  627 

Tiaris  bicolor ,  43,  47,  49 
Tigrisoma  lineatum,  54-74 
Tinamou,  Bartlett’s,  see  Crypturellus  bartletti 
Brushland,  see  Nothoprocta  cinerascens 
Cinereous,  see  Crypturellus  cinereus 
Great,  see  Tinamus  major 
Grey,  see  Tinamus  tao 
Little,  see  Crypturellus  soui 
Ornate,  see  Nothoprocta  ornata 
Slaty-breasted,  see  Crypturellus  boucardi 
Variegated,  see  Crypturellus  variegatus 
White- throated,  see  Tinamus  guttatus 
Tinamus  guttatus ,  54—74 
major,  54-74,  506-511 
tao,  54-74 

Tit,  Blue,  see  Cyanistes  caeruleus 
Coal,  see  Periparus  ater 
Eurasian  Blue,  see  Cyanistes  caeruleus 
Eurasian  Penduline,  see  Remiz  pendulinus 
Great,  see  Parus  major 
Marsh,  see  Poecile  palustris 
Willow,  see  Poecile  montana 
Titmouse,  Tufted,  see  Baelophus  bicolor 
Tit-Spinetail,  Plain-mantled,  see  Leptasthenura  aegitha- 
loides 

Tit-Tyrants,  Tufted,  see  Anairetes  parulus 
Tityra,  Black-crowned,  see  Tityra  inquisitor 
Masked,  see  Tityra  semifasciata 
Tityra  inquisitor,  54—74,  81 
semifasciata,  54—74,  79,  81 
Todirostrum  chrysocrotaphum,  54-74 
cinereum,  54—74 
spp.,  633 

Tody-Flycatcher,  Common,  see  Todirostrum  cinereum 
Golden-winged,  see  Poecilotriccus  calopterum 
Rusty-fronted,  see  Poecilotriccus  latirostris 
Yellow-browed,  see  Todirostrum  chrysocrotaphum 
Tody-Tyrant,  White-eyed,  see  Hemitriccus  zosterops 


Tolmomyias  assimilis,  54—74 
flaviventris,  54—74 
poliocephalus,  54—74 
sulphurescens,  54-74 
traylori,  54—74 

Tolson,  Kim  Marie,  see  Quinn,  John  and - 

Topaz,  Fiery,  see  Topaza  pyra 
Topaza  pyra,  54—74 

Toucan,  Black-mandibled,  see  Ramphastos  ambiguous 
Channel-billed,  see  Ramphastos  vitellinus 
White-throated,  see  Ramphastos  tucanus 
Toucanet,  Chestnut-tipped,  see  Aulacorhynchus  derbianus 
Golden-collared,  see  Selenidera  reinwardtii 
Spot-billed,  see  Selenidera  maculirostris 
Touit  huetii,  54—74 
stictopterus,  54—74 

Towhee,  Eastern,  see  Pipilo  erythrophthalmus 
Toxostoma  rufum,  32,  38,  180,  182,  549 
Trevino,  Hector  V.  Zamora,  see  Johnson,  Yara  Sanchez, 
Fidel  Hernandez,  David  G.  Hewitt,  Eric  J.  Redeker, 
Gary  L.  Waggerman,  Heriberto  Ortega  Melendez, 

- ,  and  Jay  A.  Roberson 

Trichomonas  gallinae,  641-644 
Tringa  flavipes,  528-547,  745-751 
incana,  545 
melanoleuca,  745-751 
solitaria,  528-547 

Troglodytes  aedon,  54-74,  119-125,  649,  650,  806,  821 
aedon  chilensis,  587 
tanneri,  745-751 

Trogon,  Amazonian  White-tailed,  see  Trogon  viridis 
Black-throated,  see  Trogon  rufus 
Trogon  bairdii,  81 
clathratus,  81 
collaris,  81 
elegans,  81 
massena,  81 
melanocephalus,  79 
rufus,  54-74,  81 
violaceus,  81 
viridis,  54-74 

Tropicbird,  Red-billed,  see  Phaethon  aethereus 
Troupial,  Venezuelan,  see  Icterus  icterus 
Troy,  Jeff  R.  and  John  T.  Baccus,  Effects  of  weather  and 
habitat  on  foraging  behavior  of  non-breeding 
Eastern  Phoebes,  97-103 
Turdus  albicollis,  54—74 
ignobilis,  54—74 
iliacus,  719 

migratorius,  32,  38,  406-411,  424-U26,  528—547,  549, 
605 

rufopalliatus,  409 
spp,,  167,  380 

Turkey,  Wild,  see  Meleagris  gallopavo 
Turnstone,  Ruddy,  see  Arenaria  interpres 
Turtle-Dove,  Ringed,  see  Streptopelia  risoria 

Tye,  Alan,  see  Guerrero,  Ana  Mireya  and - 

Tympanuchus  pallidicinctus,  322-327 
phasianellus,  528-547 
Tyranneutes  stolzmanni,  54—74 
Tyranneutes,  Dwarf,  see  Tyranneutes  stolzmanni 
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Tyrannulet,  White-lored,  see  Ornithion  inertne 
Tyr annus  caudifasciatus ,  703-713 
caudifasciatus  bahamensis ,  703—713 
caudifasciatus  caudifasciatus,  703-713 
caudifasciatus  caymanensis,  703—713 
caudifasciatus  jamaicensis,  703—713 
dominicensis,  43,  45,  46,  49,  51 
gabbii,  703-713 
melancholicus,  54—74 
taylori,  703-713 

tyrannus,  1-11  (Frontispiece),  29,  32,  39,  193,  553 
Tyrant,  Double-banded  Pygmy,  see  Lophotriccus  vitiosus 
Drab  Water,  see  Ochthornis  littoralis 
Long-tailed,  see  Colonia  colonus 
Marble-faced  Bristle,  see  Pogonotriccus  ophthalmicus 
Short-tailed  Pygmy,  see  Myiornis  ecaudatus 
Southern  Bristle,  see  Pogonotriccus  eximus 
Spectacled  Bristle,  see  Pogonotriccus  orbitalis 
Variegated  Bristle,  see  Pogonotriccus  poecilotis 
Tyto  alba,  81,  378-383,  439-441,  650 
spp.,  380 

U 

Umbrellabird,  Amazonian,  see  Cephalopterus  ornatus 
Upopa  spp.,  380 
Uria  spp.,  581 
Uropelia  spp.,  654 

V 

Valiente-Banuet,  A.,  see  Contreras-Gonzalez,  A.  M„  F.  A. 

Rivera-Ortlz,  C.  Soberanes-Gonzalez, - ,  and 

M.  C.  Arizmendi 

Vallender,  Rachel,  Jean-Philippe  Gagnon,  and  Irby  Lovette, 
An  intergeneric  wood-warbler  hybrid  ( Mniotilta 
varia  X  Dendroica  coronata)  and  use  of  multilocus 
DNA  analyses  to  diagnose  avian  hybrid  origins, 
298-305 

Valqui,  Thomas,  see  Herzog,  Sebastian  K.,  Steven  R. 

Ewing,  Karl  L.  Evans,  Aidan  MacCormick, - 

,  Rosalind  Bryce,  Michael  Kessler,  and  Ross 
MacLeod 

Vanderhoff,  E.  Natasha  and  Perri  K.  Eason,  American 
Robin  seet  calls:  aerial  alarm  or  a  contact  call?, 
406^111 

VanderWerf,  Eric  A.,  see  Young,  Lindsay  C.,  - , 

David  G.  Smith,  John  Polhemus,  Naomi  Swenson, 
Chris  Swenson,  Brent  R.  Liesemeyer,  Betsy  H. 
Gagne,  and  Sheila  Conant 

Vekasy,  Mark  S.,  see  Reynolds,  Michelle  H.,  James  H. 

Breeden  Jr., - ,  and  Tana  M.  Ellis 

Veniliornis  affinis,  54—74 
fumigatus,  81 
kirkii,  81 

passerinus ,  54—74 

Vermivora  celata,  89,  119—125,  528-547,  670 
chrysoptera,  298,  670 
crissalis,  671 
peregrina,  670 

pinus,  43,  50,  298,  618-620,  670 
ruficapilla,  670 
virginiae,  89,  670 
Vestiaria  coccinea,  622 


Vierling,  Kerri  T.,  Dale  J.  Gentry,  and  Aaron  M.  Haines, 
Nest  niche  partitioning  of  Lewis’s  and  Red-headed 
Woodpeckers  in  burned  pine  forests,  89-96 
Vireo  altiloquus,  43 

atricapilla,  846,  [atricapillus,  419] 
bellii,  287 
flavoviridis,  54—74 
griseus,  43 

olivaceus,  32,  39,  54—74,  480 
solitarius,  1 19-125,  528-547,  649 
Vireo,  Black-capped,  see  Vireo  atricapilla  [ atricapillus ] 
Black- whiskered,  see  Vireo  altiloquus 
Blue-headed,  see  Vireo  solitarius 
Least  Bell’s,  see  Vireo  bellii 
Red-eyed,  see  Vireo  olivaceus 
White-eyed,  see  Vireo  griseus 
Yellow-green,  see  Vireo  flavoviridis 
Vireolanius  leucotis,  54-74 
vocalization 

acoustic  differences  between  the  scoters  Melanitta  nigra 
nigra  and  M.  n.  americana,  696-702 
attributes  of  Dendroica  cerulea  song  and  pairing  status, 
273-282 

intra-  and  intersexual  functions  of  singing  by  male 
Passerina  caerulea,  714—721 
paired  male  Melospiza  melodia  sing  more  when  their 
mate  is  incubating,  819-822 
seasonal  patterns  of  song  structure  variation  in  a 
suboscine  passerine,  815-818 
song  rates,  mating  status,  and  territory  size  of  Dendroica 
cerulea  in  Missouri  Ozark  riparian  forest,  283- 
289 

stability  in  distributions  of  Poecile  atricapillus,  P. 
carolinensis,  and  aberrant  chickadee  song  types 
in  Illinois,  265-272 

Turdus  migratorius  seet  calls:  aerial  alarm  or  a  contact 
call?,  406^411 

vocal  repertoires  of  Alcidae:  Aethiini:  structural  organi¬ 
zation  and  categorization,  568-584 
vocalizations  of  Megascops  marshalli,  240-252 
Vulture,  Turkey,  see  Cathartes  aura 

W 

Waggerman,  Gary  L.,  see  Johnson,  Yara  Sanchez,  Fidel 
Hernandez,  David  G.  Hewitt,  Eric  J.  Redeker, 

- ,  Heriberto  Ortega  Melendez,  Hector  V. 

Zamora  Trevino,  and  Jay  A.  Roberson 

Walter,  Hartmul  S.,  see  Hicks,  Julia  J.  and - 

Walters,  Jeffery  R.,  see  Johnson,  Matthew,  Jesse  R. 
Conklin,  Branden  L.  Johnson,  Brian  J.  McCaffery, 
Susan  M.  Haig,  and - 

Wang,  Jennifer  M.  and  Wesley  W.  Weathers,  Egg  laying, 
egg  temperature,  attentiveness,  and  incubation  in 
the  Western  Bluebird,  512-520 
Wanless,  Ross  M.,  Alfonso  Aguirre-Munoz,  Andrea  Angel, 
Jeff  K.  Jacobsen,  Bradford  S.  Keitt,  and  John 
McCann,  Birds  of  Clarion  Island,  Revillagigedo 
Archipelago,  Mexico,  745-751 
Warbler,  Adelaide’s,  see  Dendroica  adelaidae 
Arctic,  see  Phylloscopus  borealis 
Bay-breasted,  see  Dendroica  castanea 
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Black-and-white,  see  Mniotilta  varia 
Blackburnian,  see  Dendroica  fusca 
Black-cheeked,  see  Basileuterus  melanogenys 
Blackpoll,  see  Dendroica  striata 
Black-throated  Blue,  see  Dendroica  caerulescens 
Black-throated  Green,  see  Dendroica  virens 
Blue-winged,  see  Vermivora  pinus 
Buff-rumped,  see  Phaeothlypis  fulvicauda 
Canada,  see  Wilsonia  canadensis 
Cape  May,  see  Dendroica  tigrina 
Cerulean,  see  Dendroica  cerulea 
Chestnut-sided,  see  Dendroica  pensylvanica 
Colima,  see  Vermivora  crissalis 
Crescent-chested,  see  Parula  superciliosa 
Eurasian  Reed,  see  Acrocephalus  scirpaceus 
Fan-tailed,  see  Euthlypis  lachrymosa 
Flame-throated,  see  Parula  gutturalis 
Golden-cheeked,  see  Dendroica  chrysoparia 
Golden-crowned,  see  Basileuterus  culicivorus 
Golden-winged,  see  Vermivora  chrysoptera 
Grace’s,  see  Dendroica  graciae 
Great  Reed,  see  Acrocephalus  arundinaceus 
Hermit,  see  Dendroica  occidentalis 
Hooded,  see  Wilsonia  citrina 
Kentucky,  see  Oporornis  formosus 
Kirtland’s,  see  Dendroica  kirtlandii 
MacGillivray’s,  see  Oporornis  tolmiei 
Magnolia,  see  Dendroica  magnolia 
Marsh,  see  Acrocephalus  palustris 
Mourning,  see  Oporornis  Philadelphia 
Nashville,  see  Vermivora  ruficapilla 
Orange-crowned,  see  Vermivora  celata 
Pale-legged,  see  Basileuterus  signatus 
Palm,  see  Dendroica  palmarum 
Pine,  see  Dendroica  pinus 
Pink-headed,  see  Ergaticus  versicolor 
Prairie,  see  Dendroica  discolor 
Prothonotary,  see  Protonotaria  citrea 
Red,  see  Ergaticus  ruber 
Red-faced,  see  Cardellina  rubifrons 
Rufous-capped,  see  Basileuterus  rufifrons 
Sedge,  see  Acrocephalus  schoenobaenus 
Seychelle’s,  see  Acrocephalus  sechellensis 
Swainson’s,  see  Limnothlypis  swainsonii 
Tennessee,  see  Vermivora  peregrina 
Three-striped,  see  Basileuterus  tristriatus 
Townsend’s,  see  Dendroica  townsendi 
Two-banded,  see  Basileuterus  bivittatus 
Virginia’s,  see  Vermivora  virginiae 
Willow,  see  Phylloscopus  trochilus 
Wilson’s,  see  Wilsonia  pusilla 

Worm-eating,  see  Helmitheros  vermivorum  [vermivorus] 
Yellow,  see  Dendroica  petechia 
Yellow-rumped,  see  Dendroica  coronata 
Yellow-throated,  see  Dendroica  dominica 
Waterthrush,  Louisiana,  see  Seiurus  motacilla 
Northern,  see  Seiurus  noveboracensis 
Waxwing,  Bohemian,  see  Bombycilla  garrulous 
Cedar,  see  Bombycilla  cedrorum 

Weathers,  Wesley  W.,  see  Wang,  Jennifer  M.  and - 

Weaver,  Grey-capped  Social,  see  P seudonigrita  arnaudi 


Sociable,  see  Philetairus  socius 
White-billed  Buffalo,  see  Bubalornis  albirostris 
Webb,  William  C.,  see  Hanks,  Lawrence  M.,  James  D. 

Barbour,  Kim  Kratz,  and - 

Webster,  Michael  S.,  review,  Integration  of  ecology  and 
endocrinology  in  avian  reproduction:  a  new  syn¬ 
thesis,  edited  by  John  C.  Wingfield,  Marcel  E. 
Visser,  and  Tony  D.  Williams,  453^154 

Wethington,  Susan  M.,  see  Greeney,  Harold  F.  and - 

Wetmorethraupis  sterrhopteron,  54-74 
Wheatear,  Northern,  see  Oenanthe  oenanthe 
Whimbrel,  see  Numenius  phaeopus 
Whip-poor-will,  see  Caprimulgus  vociferous 
White,  Code  L.,  R.  Mark  Brigham,  and  Stephen  K.  Davis, 
Accidental  egg  removal  by  incubating  Piping 
Plovers,  171-173 

Whitehome,  Ivy  B.  J.,  see  Green,  David  J., - ,  Amber 

L.  Taylor,  and  Ellisa  L.  Drake 

Whitman,  Buddy  A.,  see  Butler,  Michael  W„ - ,  and 

Alfred  M.  Dufty  Jr., 

Wigeon,  American,  see  Anas  americana 
Wilcoxen,  Travis  E.  and  Michelle  A.  Rensel,  Invasive  fire 
ants  depredate  nest  of  Florida  Scrub-Jay,  846-847 

Wiley,  James  W.,  see  Garrido,  Orlando  H.,  - ,  and 

George  B.  Reynard 

Wilkinson,  Fiona  A.,  Observations  on  the  breeding  biology 
of  the  Silky-tailed  Nightjar  ( Caprimulgus  serico- 
caudatus  mengeli),  498-505 

Williams,  Christopher  K.,  see  Collins,  Bridget  M., - , 

and  Paul  M.  Castelli 

Wilson,  Scott,  see  Wong,  Mark  M.  L„  Brad  C.  Fedy, 

- ,  and  Kathy  M.  Martin 

Wilsonia  canadensis,  54—74,  129,  133,  671 
citrina,  43,  45,  49,  50,  480,  644—646,  671 
pusilla,  528-547,  671 

Wittenberg,  Sara  Ress  and  Kimberly  G.  Smith,  Lack  of 
differential  migration  in  juvenile  Merlins  and 
Northern  Harriers  during  fall  migration  in  the 
Florida  Keys,  841-843 

Wolfe,  Jared  D.,  Peter  Pyle,  and  C.  John  Ralph,  Breeding 
seasons,  molt  patterns,  and  gender  and  age  criteria 
for  selected  northeastern  Costa  Rican  resident 
landbirds,  556-567 

Wong,  Mark  M.  L.,  Brad  C.  Fedy,  Scott  Wilson,  and  Kathy 

M.  Martin,  Adoption  in  Rock  and  White-tailed 
ptarmigan,  638-641 

Woodcock,  American,  see  Scolopax  minor 
Woodcreeper,  Amazonian  Barred,  see  Dendrocolaptes 
certhia 

Buff-throated,  see  Xiphorhynchus  guttatus 
Cocoa,  see  Xiphorhynchus  susurrans 
Elegant,  see  Xiphorhynchus  elegans 
Great  Rufous,  see  Xiphocolaptes  major 
Lesser,  see  Xiphorhynchus  fuscus 
Long-tailed,  see  Deconychura  longicauda 
Narrow-billed,  see  Lepidocolaptes  angustirostris 
Northern  Barred,  see  Dendrocolaptes  sanctithomae 
Ocellated,  see  Xiphorhynchus  ocellatus 
Olivaceous,  see  Sittasomus  griseicapillus 
Plain-brown,  see  Dendrocincla  fuliginosa 
Scimitar-billed,  see  Drymornis  bridgesii 
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Spot-crowned,  see  Lepidocolaptes  affinis 
Spot-throated,  see  Deconychura  stictolaema 
Streak-headed,  see  Lepidocolaptes  souleyetii 
Striped,  see  Xiphorhynchus  obsoletus 
Strong-billed,  see  Xiphocolaptes  promeropirhynchus 
Tawny- winged,  see  Dendrocincla  anabatina 
Wedge-billed,  see  Glyphorynchus  spirurus 
Woodhaunter,  Eastern,  see  Hyloctistes  subulatus 
Woodnymph,  Fork-tailed,  see  Thalurania  furcata 
Violet-crowned,  see  Thalurania  colombica 
Woodpecker,  American  Three-toed,  see  Picoides  dorsalis 
Black-backed,  see  Picoides  arcticus 
Chestnut,  see  Celeus  elegans 
Crimson-crested,  see  Campephilus  melanoleucus 
Downy,  see  Picoides  pubescens 
Great  Spotted,  see  Dendrocopus  major 
Hairy,  see  Picoides  villosus 
Hoffmann’s,  see  Melanerpes  hoffmannii 
Lewis’s,  see  Melanerpes  lewis 
Lineated,  see  Dryocopus  lineatus 
Little,  see  Veniliornis  passerinus 
Middle  Spotted,  see  Dendrocopus  medius 
Pileated,  see  Dryocopus  pileatus 
Red-bellied,  see  Melanerpes  carolinus 
Red-headed,  see  Melanerpes  erythrocephalus 
Red-necked,  see  Campephilus  rubricollis 
Red-stained,  see  Veniliornis  affinis 
Rufous-headed,  see  Celeus  spectabilis 
Scaly-breasted,  see  Celeus  grammicus 
Spot-breasted,  see  Chrysoptilus  punctigula 
White-throated,  see  Piculus  leucolaemus 
Yellow-tufted,  see  Melanerpes  cruentatus 
Wood-Pewee,  Eastern,  see  Contopus  virens 
Western,  see  Contopus  sordidulus 
Woodrey,  Mark  S.,  see  Rush,  Scott  A.,  Eric  C.  Soehren, 

Kirk  W.  Stodola, - ,  and  Robert  J.  Cooper 

Woodstar,  Amethyst,  see  Calliphlox  amethystine 
Esmeraldas,  see  Chaetocercus  berlepschi 
Gorgeted,  see  Chaetocercus  heliodor 
Little,  see  Chaetocercus  bombus 
Rufous-shafted,  see  Chaetocercus  jourdanii 
Santa  Marta,  see  Chaetocercus  astreans 
White-bellied,  see  Chaetocercus  mulsant 
Wren,  Bay,  see  Thryothorus  nigricapillus 
Buff-breasted,  see  Thryothorus  leucotis 
Carolina,  see  Thryothorus  ludovicianus 
Chilean  House,  see  Troglodytes  aedon  chilensis 
Clarion,  see  Troglodytes  tanneri 
Coraya,  see  Thryothorus  coraya 
Grey-breasted  Wood,  see  Henicorhina  leucophrys 
House,  see  Troglodytes  aedon 
Marsh,  see  Cistothorus  palustris 
Moustached,  see  Thryothorus  genibarbis 
Musician,  see  Cyphorhinus  arada 
Sedge,  see  Cistothorus  platensis 
Southern  Nightingale,  see  Microcerculus  marginatus 
Thrush-like,  see  Campylorhynchus  turdinus 
White-breasted  Wood,  see  Henicorhina  leucosticte 
Wren-Spinetail,  Bay-capped,  see  Spartonoica  maluroides 


Wrenthrush,  see  Zeledonia  coronata 

Wright  III,  Mintum  T.,  see  Gill,  Frank  B., - ,  Sally  B. 

Conyne,  and  Robert  Kirk 

Wright,  Natalie  A.,  see  Steadman,  David  W.,  Jensen  R. 
Montambault,  Scott  K.  Robinson,  Sonja  N.  Oswalt, 
Thomas  J.  Brandeis,  Agustavo  Londono,  Matthew 

J.  Reetz,  Wendy  M.  Schelsky, - ,  Jeffrey  P. 

Hoover,  Jill  Jankowski,  Andrew  W.  Kratter,  Arie 
Martinez,  and  Jordan  Smith 

Wyman,  Dody,  review,  Flyaway:  how  a  wild  bird  rehabber 
sought  adventure  and  found  her  wings,  by  Suzie 
Gilbert,  455 

X 

Xanthocephalus  xanthocephalus,  745-751 
Xema  sabini,  649 
Xenops  minutus,  54—74,  81 
rutilans,  81 
tenuirostris,  54—74 
Xenops,  Plain,  see  Xenops  minutus 

Slender-billed,  see  Xenops  tenuirostris 
Xiphocolaptes  major ,  793 

promeropirhynchus,  54-74,  81 
Xiphorhynchus  elegans,  54—74 
erythropygius,  81 
fuscus,  793 
guttatus,  54—74 
lachrymosus,  81 
obsoletus,  54—74 
ocellatus,  54—74 
susurrans,  81,  793 
Xolmis  irupero,  813 

Y 

Yahner,  Richard  H.,  see  Schill,  Katie  L.  and - 

Yellowlegs,  Greater,  see  Tringa  melanoleuca 
Lesser,  see  Tringa  flavipes 
Yellowthroat,  Common,  see  Geothlypis  trichas 
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